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Abstract: This research aims to identify the factors that affect the export of steel
products and then prioritize them using the Weighted Aggregated Sum Product
Assessment (WASPAS) method. This industry has a crucial role in various countries
and the company involved in the case study is one of the three largest steel
exporters in Iran. In our study, 56 effective factors have been extracted and
classified after a review of the literature in the area of export and marketing,
especially the export and marketing of steel products. For identifying the factors
affecting the steel products export, the Delphi method was used. This method
identified 26 effective factors. In the third part of the study, these effective factors
were prioritized using Shannon’s entropy and the WASPAS method in combination.
As a result, we have recognized three factors that are the most important to affect
the export of steel products: problems and questions of export, transport aspects,

and skills/knowledge.
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1. Introduction

Steel is a world-leading industry, and steel products are a highly traded commodity. The steel
industry is presumed as one of the key industries, which serves small and large industries
(Mehmanpazir et al., 2019). It is often considered that growth in that field reflects economic
growth in general and contributes to a country or region’s economic success. Economic growth
and steel production growth are linked and affect each other as growth in one area causes an
increase in the other. A healthy economy causes industrial activities to increase, and a rising steel
demand (Bilal et al., 2022; Hasnain et al., 2020; Mehmanpazir et al., 2019).

Hence, identifying the steel industry’s market situation both outside and inside of a country is
very important. In recent years, market changes, shifts in export and import levels, and global steel
demand weakness have negatively affected steel industries in some countries.

With the growth in foreign trade, earnings and increasing domestic demand, especially for steel
products, the volume of investing in steel production projects rises dramatically. Growth and
limitations in production affect the prices of crude steel products. These effects are intensified
by the fact that the smelting industry is considered time-consuming, risky, and costly. Hence, the
market requires essential government support to grow in line with demand, but surplus to
requirements may be achieved through imports (J. Chen et al., 2018). In order to understand the
effects of financial factors on changes in the costs of nonferrous materials, a theoretical frame-
work was designed by J. Chen et al. (2018). Also, for analyzing nonlinear relationships, a Markov-
Switching Vector Auto-Regression (MS-VAR) model is used based on price data from August 2004
to October 2016 of international copper futures (Mehmanpazir et al., 2019).

The difference between exports and imports plus domestic demand defines steel production in
the country. Based on the retail sales of imported products, and these products’ prices, the
amounts of exports and imports are determined. This means that with the growth in the prices
of imported products compared with domestic prices, imports decline, and exports grow, and vice
versa. Simultaneously, increased tariffs (and other transaction costs) decrease imports.

Steel industries are of key importance in the national economy and society’s well-being in some
of the steel manufacturing countries. It is noted that the manufacturing and consumption of steel
products is a key indicator to measure and evaluate a country’s economic and industrial perfor-
mance. Nowadays, some nations (e.g., Iran), which have plenty of natural oil and gas resources,
attempt to adopt an alternative economic attitude to use the resources in steel manufacturing
instead of exporting raw natural resources. While steel products have a considerable worldwide
consumption, export to international markets remains challenging (Gorjian Jolfaei et al., 2017).

According to the World Steel Association (WSA), Iran has classified 14th with 17.9 Mt of steel.
Comparisons of steel production in Middle Eastern countries found that Iran is presumed to be the
largest crude steel producer in this region, with a 65% share in the Middle Eastern region in
April 2017 (Worldsteel association, 2018). Currently, the export of Iran’s steel products is only
marginal. Therefore, marketing in this industry might significantly increase this industry’s impor-
tance (Economic Studies Department, 2006). Economists believe that marketing factors would
effect on competition and presence in global markets. Therefore, using marketing methods is
essential for steel products (Gorjian Jolfaei et al., 2017; Mirabi & Sarmad, 2003; Ottosson &
Kindstrom, 2016). Competitive advantages of steel production in Iran and the possibility of inter-
national export were further explored in a literature review (Gorjian Jolfaei et al., 2017). Most of the
budget of Iran directly depends on oil and gas. The strong fluctations in the respective commodity
prices, make such a dependency undesirable. Moreover, as these resources are expiring, Iran’s
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government must search for new industries to replace oil and gas. One of these industries is steel
production.

The identification and prioritization of factors affecting the export volume of steel have key roles
in these companies. For prioritizing these factors, some methods can be applied. One type of
methods is multiple attribute decision-making (MADM) methods. These methods consist of two
subcategories: 1 - comparing alternatives; 2 - applying decision matrix. In this research, the
Weighted Aggregated Sum Product Assessment (WASPAS) method is used for ranking these
factors described by a decision matrix. As the decision matrix’s evaluation requires weights for
the different criteria (or factors), an approach is needed to determine them. We implemented the
Shannon entropy approach for finding these weights.

This research’s novelty and contribution are that we are first using a combination of WASPAS
and the Shannon entropy method for prioritizing these factors. The second contribution is that we
use this hybrid approach for the first time in the steel industry to prioritize crucial factors of steel
export.

This paper consists of the following parts: After this introduction, Section 2 provides a literature
review. Section 3 presents the methodology of Shannon’s entropy and WASPAS in combination. In
Section 4, the data analysis results are presented. The final section points out the conclusion and
managerial implications.

2. Literature review

2.1. Related work

Worldwide, steel is a highly traded commodity. WSA statistics on 2016 display a total production of
more than 1500 million tons for semi-finished and finished steel products (World Steel Association,
2016). During the years, the massive volume of steel trades in international markets caused
a severe monitoring activity to possible anti-competitive measures. WSA standards focused on
strict antitrust principles as resumed by Cerasa and Buscaglia (2017) with respect to typical
categories of violations related to prices, capacities, production quantities, geographical or product
markets, and customers or classes of customers.

Todshki and Ranjbaraki (2016) focused on investigating macroeconomic variables with effect on
the strategic (main) product. In their approach, a long-term co-integration model and Granger
causality model are used for economic evaluation. In this research, the relationships of Iran’s
macroeconomic variables such as gross national product, global oil price, population and domestic
steel production are analyzed concerning their influence on steel export and import.

Wang et al. (2019) applied complex network theory to analyze the trade competition of global
nature graphite based on trading data and other internal factors in a single country. The factors
influencing competition intensity are analyzed by employing the extended gravity model. It is
discovered that the most relevant factors are the country’s GDP, technology and graphite con-
sumption along with the distance to competitor countries.

J. Chen et al. (2018) analyzed the effects of financial factors on fluctuations in nonferrous metal
prices based on a Markov-switching vector auto-regression (MS-VAR) model. They conducted their

analysis based on monthly data of futures prices from August 2004 to October 2016.

Maksimovi¢ et al. (2017) recognized the most critical factors in predicting GDP growth based on
six products using the ANFIS model. Results indicate that electricity consumption from renewable
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sources appears to have the highest impact on GDP growth. In modern economics, all markets in
the economy are composed of three significant parts: supply, demand, and prices (that were
considered the result of the previous two). It was discovered that demand changes might affect
prices with some delay.

Fernandez (2018) employed a division moment approach to estimate prices and income elasti-
cities for seven major metals, including steel. The study focused on eight global geographic regions
for the period from 1980 to 2015, and worldwide for the period from 1960 to 2015.

Mehmanpazir et al. (2019) specified steel supply and demand functions to forecast the supply
and demand trends by applying multiple logarithmic regression analysis. Logarithmic regression
models are a common and useful way to deal with nonlinear relationships between the indepen-
dent and dependent variables. For the considered model, the dependent variables to be predicted
supply and demand, whereas the independent variables that require known values are, for
instance, inflation, exchange rates, and supply of raw materials.

By applying dynamic panel data models, Shao et al. (2017) analyzed supply, demand, prices, and
openness of crude oil trade, along with various traditional economic, political, and geographical
factors for identifying the relevant variables for crude oil imports in emerging markets. From the
considered traditional factors, only bilateral trade relationships have been found to influence
imports of crude oil from the Asia-Pacific region.

The impact of an increase in per capita foreign direct investment on exports in developing
nations is analyzed by Banerjee and Nayak (2017). In their study, two panels of cross-country
quality indexes by Hallak and Schott (2011) and Feenstra and Romalis (2014) were used as well as
variations of US import prices.

Yang et al. (2017) attempted to promote the sustainable use of graphite resources by investi-
gating the consequences of environmental regulations with respect to China’s graphite export.
Based on the gravity model and empirical data of the top 30 import countries during 2005-2014,
economical volume and prices, export tax refunds, demographic aspects such as language and
population, economic downturns and political conflicts are used as indicators of environmental
regulations to study how the corresponding changes affect graphite export values. The results
show that the main determinants of export values are the export prices, export tax refunds, and
language.

Based on a game model, S. Chen et al. (2017) analyzed relationships between six state-owned
companies, independent refineries, domestic and foreign oil product consumers, and domestic and
foreign crude oil producers. To work out the detailed impacts, a game-theoretic model was
studied. The effects of various quota mechanisms are analyzed, an optimal model is developed
for diverse price scenarios, and the most vital factor is considered of quota allocation mechanisms.

Another research studying the price relationships between the EU, China and US for stainless
steel markets showed that European stainless steel prices track those of other regions (Giuliodori &
Rodriguez, 2015; Guo et al,, 2019). In order to evaluate a steel production enterprise, Pan et al.
(2016a) suggested their improved energy-based indicators. Energy is a concept suggested by
Odum (1988) that discusses the historical accumulation of all kinds of energy applied in
a production process and provides a universal measure for different types of energy flows in
a system network.
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Based on a cluster analysis and an adaptive neural fuzzy inference system, Liu et al. (2019q,
2019b) examined the price impacts in the Chinese import and export steel markets from the
perspective of the main international markets and steel products. They assessed the essential
factors that are midstream product prices, market supply and demand, and inventory, respectively.
This research indicated that the diversity of steel products is essential for analyzing the central
participating countries’ steel markets. The global steel market is distributed widely, and the main
products traded in each market are also varied.

Sun et al. (2017) assessed the market demand and the mechanism of investment and allocation
of capacity in the steel industry. Using quantitative methods, Wen et al. (2019) investigated an
energy conservation and emission reduction (ECER) concepts and determined an ECER path for
China’s iron and steel industry. First, they used a scenario analysis based on situations where
different ECER measures are adopted. Using a quantitative approach they evaluated the ECER
effects in each scenario for 2020 and 2025. Secondly, they assessed the ECER potential of different
single processes by applying the ECER measures in the steel and iron industry. Moreover, the level
of advanced technology application is assessed by using two methods. The results are as follows:
For four kinds of ECER measures, the most effective is the limitation of production output,
contributing to 6.98% and 12.50% declines in total industrial energy consumption and pollutant
emissions in 2020 and 2025. The sintering and iron making processes have strong ECER potential in
2020, while the steel making process has high ECER potential in 2025.

In another research, Hailu and Kipgen (2017) expanded and proposed an index called
Extractives Dependence Index (EDI) to check the degree of dependence of a country on oil
extraction, gas and minerals for export. The index is on the basis of three indicators: the export
income percentage, the commodities revenues percentage, and the GDP value added. Based on
EDI, Iran has ranked 55 out of 81 countries under evaluation. It is found that Iran steel industry
already has a potential capacity for more research.

The hybrid strategic planning were used by Shahabi et al. (2014) through SWOT analysis and
multiple criteria decision-making (MCDM) methods to classify the practical strategic factors in Iran
's steel production by applying the Analytical Hierarchy Process (AHP) and the Analytic Network
Process (ANP). The ANP results showed that the dependency among the factors causes major
changes in the ranking of alternatives particularly for the main alternatives.

Shahba et al. (2017) used a SWOT analysis with respect to strategies for waste management in
Iran’s iron mines. They presented a quantitative basis to analytically specify the ranks of the
factors in SWOT analysis through two conventional MCDM methods, AHP and Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS).

Azimifard et al. (2018) distinguished the weights of sustainability criteria by applying the AHP
and proposed a hybrid decision-making concept to choose sustainable suppliers for Iran’s steel
industry along with using the TOPSIS method. By considering the data availability of criteria, the
essential criteria for supplier selection of Iran’s steel industry Supply Chain (SC) are CO2 emission,
the number of employees working in the supplier industry, the water consumption rate, and
distances between the countries.

Table 1 shows an overview of methods that are used in previous studies in the steel industry.
Table 2 presents an overview of factors affecting exports as discussed in previous studies.
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Table 2. Previous studies of factors affecting exports

Factors

Authors

Ability to identify potential suppliers and prospects
and establish a business network

Johansson (2015), Laage-Hellman (2002)

Competitive advantages

Barney (1995)

Competitive intensity

Navarro-Garcia et al. (2016)

Decent and creative staff

José and Javier (2014)

Entering the foreign market and customer selection

Robertson and Wood (2001)

Existence of internal or external intermediaries

Molina-Morales et al. (2002)

Export commitment

Dewatripont (1988), Navarro-Garcia et al. (2016)

Export dependency

Bizmpiroulas et al. (2014)

Export problems and issues

Nankani (1979)

Export experience

Ohashi (2005)

Geographical advantages

Meyer et al. (2008)

Improve operations planning

José and Javier (2014)

International quality insurance certificate

José and Javier (2014)

Market development

CuiChunxiang et al. (2011)

Marketing communications

Balmer and Gray (1999)

Marketing operations and sales strategies

Nair (2002)

Move product from production to customer’s place at
the right time

Iskanius et al. (2006)

Organizational ability and skill in financial
management

Bhunia & Uddin Khan, 2011

Price adaption strategy

Blecker (2015), McCraw and Reinhardt (2009)

Pricing

Blecker (2015), McCraw and Reinhardt (2009)

Product adaption strategy

McQuiston, 2004

Product quality

Bizmpiroulas et al. (2014)

Separate export unit

Grossman (1986)

Skill/knowledge

Dhliwayo (2017)

Tariff rates

Webb (2010)

Usage of export marketing research

O’Cass and Julian (2003)

2.2. Research gap

For studying the effects of import and export costs, methods including dynamic panel data models
(Kang et al., 2018), the Markov-switching approach (Adler et al., 2017), or value-chain analysis (Min
& He, 2018) are applied. Although all of these methods study price impacts, they usually consider
a few countries or regions. Aspects other than prices are frequently neglected. In order to satisfy
the requirements of calculating effectively of plenty data with high accuracy, some methods are
available so that it is important to select a best suited approach (Liu et al.,, 2019a). Moreover, as
trade prices are regularly fluctuating in an irregular way, it is hard for traditional methods to obtain
a model for predicting sales volumes based on the price (Liu, et al., 2019b). Also, further factors
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should be considered when analyzing sales volume of steel in the world. In this paper, we used the
WASPAS method in combination with Shannon entropy to achieve the aim of this research.

As the literature review shows, companies need to identify factors that affect exports to
markets. These factors must be prioritized to help companies understand the respective markets
better and allocate their resources accordingly. Some papers have been published about CSFs that
effect on export. According to previous studies (cf., Table 1) using MCDM methods both under
conditions of certainty and uncertainty. However, there is a lack of using decision-maker input (as
in the Delphi method) for prioritizing factors in combination with a hybrid multicriteria evaluation
approach based on Shannon entropy and WASPAS as suggested in our study.

3. Multi-criteria decision analysis

MCDM methods can be categorized into soft or hard operations research techniques or statistics
methods. Moreover, they can be categorized into methods using pairwise comparisons and meth-
ods using a decision matrix. All of these methods have specific advantages and disadvantages
(Hanne, 2012). Hence, these methods must be applied in the right situation. For further reference
to the MCDM methodology, we recommend Bilal et al. (2022) and Hasnain et al. (2020).

The WASPAS method is one of the decision matrix methods that uses weights for computation
and is considered one of the most accurate methods among decision matrix approaches (AK.
Yazdi et al., 2020, 2020; Amir Karbassi Yazdi et al., 2021). The SWARA method belongs to the MCDA
methods that can calculate the required weights. These weights are mandatory for computing
data in the WASPAS method. The method is based on the decision makers’ preferences and one of
its most crucial merits is that it requires less computational effort compared with other methods.

3.1. Weighted aggregate sum-product assessment (WASPAS) method
The WASPAS method was introduced by Zavadskas et al. (2012). This method assumes
a multicriteria problem with a given decision matrix. The decision matrix can be formulated as in

Eq. (1).
X11 - Xin

X = : : (1)
Xm1 -+ Xmn

m indicates the number of alternatives, and n is the number of criteria.
With respect to calculating an overall score using weights, two different variants are considered
in the WASPAS method: the Weighted Sum Model (WSM) and the Weighted Product Model (WPM).

When using these approaches, the decision matrix must be normalized based on Eq. (2) and (3).

For benefit criteria (to be maximized)

_ %
max;X;

(2)

Xi

For cost criteria (to be minimized)
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min; x;;
Xij

(3)

Xj =

X;j represents the normalized value of x;.

For the calculation of additive optimality scores, WSM is a suitable method. The importance of
the ith of alternative is calculated by Eq. (4).
QY = Ely xyw (@)
The w; value represents the weight of the jth criterion.

For calculating the total score of the ith alternative according to a multiplicative model, WPM, Eq.

(5) is used.

Q? = H”:1 (Xj)" (5)

j

Eq. (6) indicates the calculation of a generalized criterion of weighted aggregation on the basis of
the additive and the multiplicative method.

Q= 0.5Q" + 0.5 = 0.52]_; xw; + 05 [, (x)" (6)
In the WASPAS method, for a more accurate calculation of the rankings, Eq. (6) can be replaced by

an approach that is based on both models in a weighted form according to Eq. (12).

Q=aQY +(1-2@) =23 5w+ (1= D], (xp) 7

(1=0,0.1,...,1)

Based on this equation, an overall rank Q is calculated for all alternatives. The alternative with the
highest Q value is the most important one, and the alternative with the smallest value of Q is the
least essential (Zavadskas et al., 2012).

3.2. Shannon entropy

Shannon entropy is a practical method for MCDM approaches that quantifies uncertainty. It is
named after Shannon, although its origin goes back to Pauli and von Neumann (Lotfi &
Fallahnejad, 2010). This model shows promising results (Yazdani et al.,, 2020). The method steps
are as follows:

Step 1. Specify decision-makers (DMs) priorities and set up the decision matrix.

Step 2. Identify which alternatives are benefit criteria (to be maximized) or cost criteria (to be
minimized).

Step 3. Normalize the data of the decision matrix.

Step 4. Specify the entropy E; of each alternative, according to Eq. (8).
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E=—-kYT,PjInPj] j=1,2,...,n (8)
with k = L
where m indicates the number of alternatives.
For the considered problem, we have k = 0.30693
Step 5. Calculate the degree of diversion of each alternative (d)). For this study, we define
d; = 1 — E;. This diversion degree provides helpful information for decision makers. Coming close
to the value of indicators to each other means having less different between competitive factors;
Step 6. Specify the final weights W; by applying Eq. (9).

d:

— 9)
2ic1 dj

W

In the first step of the Shannon entropy method, the decision-making matrix for index j is normal-
ized as follows:

ri

X

P, = j=1,....,n Vij (10)

In the next step, the entropy E; was calculated as follows:

E=-KY™ PjinP; YV (11)

The final step in the Shannon’s entropy method is to calculate the degrees of deviation (variances).
The degrees of deviation show how the information value is high.

We illustrate this by an example:
Assume we have three criteria, one of them is cost, and the others are benefit criteria.

Moreover, we have three alternatives. First, the decision matrix is created according to the
preferences of DMs (Eq. 1), see, Table 3.

According to Eq. (2-3) the data is normalized. The result is shown in Table 4.

Table 3. Decision matrix

C1 (positive)

C2 (negative)

C3 (positive)

Al 6 3 8
A2 7 8 6
A3 6 9 7
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Table 4. Normalized matrix

C1 (positive)

C2 (negative)

C3 (positive)

Al 0.8571 1.0000 1.0000
A2 1.0000 0.3750 0.7500
A3 0.8571 0.3333 0.8750

The weights of criteria are assumed to be 0.3, 0.5, 0.2. The weighted normalized matrix accord-
ing to Eq. 4 is shown in Table 5.

Then according to Eq. 5-6 the variance matrix is obtained (see, Table 6).

According to Eq. 7, the final ranking results as shown in Table 7.
4. Research results

4.1. Research methodology

In this research, first, the relevant factors are extracted. Based on the Delphi method, these factors
are then customized. Because the WASPAS method is used for ranking factors, and this method is
a kind of decision matrix method, criteria weights need to be determined. For this purpose, the
Shannon entropy approach is applied. During this research step, 22 top managers of Steel
Khouzestan, one of the largest steel companies in Iran, were involved. These were different from
the persons involved in the first step of prioritizing factors.

After finding the criteria weights, all factors will be ranked according to the WASPAS method and
it is shown which of these factors has the highest priority. Figure 1 demonstrates the procedure of
this research.

Phase I: Factors related to research subjects are extracted from previous research and interviews
with experts

Phase II: The factors are customized for this research by the Delphi method.

Phase III: We need the weights to prioritise these factors by the WASPAS method. These weights
are obtained by the Shannon entropy method. Afterwards, the ranking of alternatives is calculated.

For the data analysis discussed in the following subsections, Excel V.2016 was used for the
Delphi method and for calculating Shannon entropy. For WASPAS, a specific WASPAS software is
used.

Table 5. Weighted normalized matrix

C1 (positive)

C2 (negative)

C3 (positive)

Al 0.2571 0.5000 0.2000
A2 0.3000 0.1875 0.1500
A3 0.2571 0.1667 0.1750
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Table 6. Variance matrix

C1 (positive) C2 (negative) C3 (positive)
Al 0.9548 1.0000 1.0000
A2 1.0000 0.6124 0.9441
A3 0.9548 0.5774 0.9736
Table 7. Final matrix
Qil Qi2 Qi3 Ranking
Al 0.9571 0.9571 0.9571 1
A2 0.6375 0.6375 0.6375 2
A3 0.5988 0.5988 0.5988 3

Figure 1. Research procedure. « Exiract factors from

previous studies
« Extract factors from
DMs by interviews

Phase |

« Customize factors by
the Delphi method to
find the best factors
for steel Khuzestan

Phase 11

« Find the weights for
prioritizing these
factors by the
WASPAS methods

Phase 111

4.2. Data collection

The relevant factors should be customized for this research. Hence, after extracting factors from
previous studies, interviews with experts are conducted. By doing so, factors are customized using
the Delphi method. The Delphi method is used for two aims: making predictions and screening
factors. For the screening of factors with the Delphi method, a questionnaire is created which uses
a 5-point Likert scale for evaluating the factors. The number of people who should answer
questionnaires is debatable. Some researchers believe that the number of DMs should be 100
but others showed that it should be between 5 and 15 persons (Dunham, 1998; Powell, 2003). Also,
due to practicability aspects, we selected seven persons for this research that are highly profes-
sional experts in this industry. This increases the reliability of responses and the speed of research
while keeping accuracy at a high level. Further information about these DMs is presented in Table 8

We have 56 factors that are to be evaluated by these DMs. If the average of DMs preferences for

a factor is equal to 4 or higher it will be accepted. If it is lower than & it will be rejected. The results
are shown below in Table 9.
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Table 8. Information about DMs

R Position work experience Education Age
(year)

1 ' Manager 2110 30 Master 50 to 60
2 Manager 21 to 30 Bachelor 50 to 60
3 Manager 11 to 20 Master 30 to 40
4 Manager 11 to 20 Bachelor 30 to 40
5 . Manager Less than 10 PhD 30 to 40
6 Manager Less than 10 Master 30 to 40
7 Manager Less than 10 Master 30 to 40

4.3. Data analysis using Shannon entropy

After identifying the factors that affect steel products’ export, these factors were prioritized using
Shannon’s entropy method and WASPAS. The WASPAS decision-making matrix questionnaire was
distributed and the required data were collected.

DMs asserted their preferences from 1 very very low to 9 very very high (9-point Likert scale). The
data shown in Table 10 are calculated according to Eqs 8-10. This Shannon Entropy information is
further used for calculating the weight required by the WASPAS method. Table 10 shows the
diversion degree of each decision-maker.

For the sum of d; values, the following holds:

n
2. d; =0.073268
i=1

From this diversion degree information, the weights are calculated according to Step 6 above
using Eq. 9. The respective values for W; in our study are shown in Table 11.

4.4. Data Analysis Using the WASPAS Method
First, the decision matrix has been created based on the DMs preferences (Table 12) which is
normalized subsequently (Table 13).

The variances of data are shown in Table 14.

Table 15 points out the final ranking of all alternatives.

4.5. Sensitivity analysis

For sensitivity analysis, first, several methods similar to WASPAS method were determined. These
methods are EDAS, MABAC and CoCoSo methods (Table 16). Then, data that have been used for
computing in WASPAS will be used in these methods. The results are then compared with each
other by the Spearman correlation coefficient (Table 17). If the significance of result less than 0.05,
then there is a correlation between our results and that of the respective method. Otherwise, there
is no significant relation. The correlation results of these methods show that our result has
correlation with other methods. It means that our results show reliability and accuracy.
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Table 10. The diversion degree of each decision maker

decision decision decision decision decision decision
maker 1 maker 2 maker 3 maker 4 maker 5 maker 6
0.00278 0.002442 0.006183 0.001692 0.001189 0.005377

decision maker
7

decision maker
8

decision maker
9

decision maker
10

decision maker
11

decision maker
12

0.002781

0.001528

0.000683

0.002113

0.004613

0.003664

decision maker

decision maker

decision maker

decision maker

decision maker

decision maker

13 14 15 16 17 18
0.002543 0.002786 0.001325 0.004228 0.004656 0.00387
decision maker | decision maker | decision maker | decision maker

19 20 21 22

0.001528 0.001025 0.012257 0.004008

Table 11. W; for each decision maker

decision decision decision decision decision decision
maker 1 maker 2 maker 3 maker & maker 5 maker 6
0.037944 0.033328 0.084392 0.023088 0.016228 0.073385
decision maker decision maker | decision maker | decision maker | decision maker | decision maker
7 8 9 10 11 12
0.037956 0.020851 0.009316 0.02884 0.062957 0.050002

decision maker
13

decision maker
14

decision maker
15

decision maker
16

decision maker
17

decision maker
18

0.034709

0.038023

0.018078

0.057701

0.063546

0.052822

decision maker
19

decision maker
20

decision maker
21

decision maker
22

0.020851

0.013985

0.167296

0.054701

5. Discussion of results
Today, many companies attempt to increase their revenue. There may be some factors with an
impact on revenues. One of the factors is the export of their products abroad. Export problems and
issues include the consequences of wrong decisions and lack of attention to the necessary
infrastructure in the steel industry and instability in the country’s monetary and financial system.
We should consider interconnected activities from the raw materials supply, via various production
steps to distribution and sale to the end customers, including various transportation and storage
activities along the interconnected supply chains. Economic developments, market requirements,
changing environmental conditions, technology developments, consumers’ expectations as end
customers, the number and variety of customer service organizations, and many other factors
have established a network-based business system. However, some companies fail and waste their
money. Hence, finding Critical Success Factors (CSFs) that help companies to export successfully
are vital. These CSFs need to be ranked because companies cannot allocate all required but limited
resources such as time, budget, human resources, and information to them. This ranking helps to
understand which factors have high priority and need to be focused on. As the number of factors,
which can affect a company’s exports, is larger and there relevance may be different, it is useful to
customize them for the considered region or company. The Delphi method is used for this work.
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Table 17. Correlations among the results of several MADM methods

EDAS MABAC CoCoSo
Correlation Coefficient 0.48 0.424 0.432
Sig 0.01 0.03 0.027
Figure 2. The results of several
MADM methods. Sensitivity Analysis
30
25
20
15
10
5
0
® y &o@ & @ &S SIS ) Q 5 o @ S &
S P L S T FEEe £ T & Sy S FF G So o e S
S L &S TR E ST SIS & & ST LR S F Q&S G 2 &
WIS & SFETESL & F LI T8 FF F TS S ER T & S EFHNE S
S F FEETT G ¢ ST E L T EEE HE T & S &
o L &g
gcé\@é’# PN o\bsz( (&L", Q’/@ ((/*Q %*Qob o<‘ o(} 6&« %&@x (\\Q@ ‘\Q%o 4}@ S Qg}o@(& Afb’}&&é\@é\\ § z& @GE B .&Q&\ \(.\@CFQO 2 & '_).@@
s S < ¢ s
& & NG N o O F e NS
v QQ\\Q & & &E ¢ & & &
NN N
e
5
e EDAS === MABAC CoCoSo WASPAS

MCDM methods are then applied to prioritize these CSFs. The WASPAS method is one of these
methods. To prioritize these CSFs by WASPAS, it needs weights that are obtained by the Shannon
entropy method.

In the first step, 56 factors are identified and then, based on the Delphi method, 26 factors are
selected. These factors are then ranked based on Shannon’s entropy and the WASPAS method.
Among these factors are the following three most important factors in our study: skills/lknowledge,
export problems and issues and transferring the product from the production place to the custo-
mer’s place of purchase at the right time. Skills/knowledge is the most crucial factor and may help
a steel company find foreign customers and increase exports. Skills/knowledge such as familiarity
with a foreign culture, business customs, ability to communicate in a foreign language, knowledge of
how to close a contract, how to pay, and international negotiations are critical for business success.

Figure 3. Road map of

implementation. Result of Research (focus on high priority factors to
increase export of steel)

skills’knowledge: familiarity with a foreign culture,

business customs, ability to communicate in a foreign

language, knowledge how to close a contract, how to
(pay, and international negotiations

export problems and issues

product movement from the production site to the
customer's purchase place at the right time:access to

production in customer’s place causes that final
production costs decreases
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The Canadian Export Association classifies export skills into 12 groups as follows: export manage-
ment including planning and control, the export process, project management, international mar-
keting, market research and intelligent market information system, commercial financing, pricing
export goods, choosing a partner and how to have a partnership to enter foreign markets, foreign
language proficiency including trade language proficiency, business correspondence and business
negotiation, familiarity with the culture and customs of export markets, and familiarity with the
requirements and international trade rules. The second factor focuses on export problems and
issues. As our research on CSFs shows, there are some problems related to steel exports from
Iran. Focusing on these and allocating rare resources to them should lead to increases of steel
export volumes. The next factor is assumed the product movement from the production site to the
customer’s purchase place at the right time. This means that access to production in customer’s
place causes that final production costs will drastically decrease and customers can be attracted.

If managers of a steel company look forward to increase export of their products, based on this
research we provide a road map for further implementation in Figure 2 and 3. Among these CSFs,
the first step focusing on these three factors helps them to increase exports.

6. Conclusions

6.1. Managerial implications

The Iranian government is aware that oil and gas resources will expire soon. Therefore, they need
to find other sources to make money than to sell oil and gas. Iran has potential in various
industries, one of them being the steel industry. Foreign countries need steel products in various
industries.

The Khouzestan Steel Company, which was involved in our study, is one of the prominent steel
manufacturers in Iran. As analyzed in detail, there are several aspects, which affect the export
volume and are essential for a successful steel export. Therefore, top managers are trying to find
out which CSFs have the highest impact on export volume. For this reason, these factors must be
ranked. The result helps managers to allocate rare resources to these factors to increase export
volume. The result of this research contradict with Azimifard et al. (2018) who identified distance
as the most important factor, whereas this factor has fourth rank in our study. Moreover, the
results of Shahba et al. (2017) conflict with our results. In the mentioned research, wasting had the
highest priority, but in our study it has only rank 20. Liu et al. (2019) found that market develop-
ment had the highest priority in their research, but it only has rank 10 in our study.

6.2. Limitations and future research

The research was using data from top managers of a single steel producer (Khouzestan Steel
Company) who were quite busy. During the research (e.g., for interviews and answering question-
naires), the access to them proved difficult, and the sample size remained relatively small. Another
limitation is the employed methodology. For better considering uncertainties of the decision
environment, we will explore using fuzzy sets approaches in subsequent research.
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