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ABSTRACT

Increased productivity and new investment are two methods for the develop-
ment of industry, and one of the differences between advanced industrial countries and
developing countries is to pay particular attention to development through increased pro-
ductivity. In recent years, new models have been developed in the industry sector, dating
to less than fifteen years; one of them is the model of industrial cluster development.
Industrial clustering is being carried out today in almost every country in the world. In Iran,
the industrial cluster issue is considered in scientific and decision-making centers, as well
as in the development plans of the country. The purpose of this research was to identify
and prioritize the effective factors on the development and creation of industry cluster of
rail industries in the Markazi Province using the network analysis technique. In order to
identify cluster creation factors, library studies and the Delphi method were used with the
cooperation of the expert group. In the following, we examined the relative importance
of these factors using the network analysis technique and the factors were prioritized by
Super Decision Application. The results showed that the indicators of geographical con-
centration and environmental factors are included in the most important factors and the
communication index is the least important factor in the creation and development of
industrial clusters of rail industries in the Markazi Province.

Keywords: Industrial Cluster; Rail Industries Development; Delphi Method; Network Anal-
ysis.
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1. INTRODUCTION

Alfred Marshall (1890), in the book Principles of Econom-
ics, mentions the accumulation of specialized industries in
local areas as industrial clusters (Kuah, 2002). Industrial
clusters are considered as one of the most important and
successful industrial and regional development approach-
es and are considered by many policy makers in developed
and developing countries. Here it is presented the different
definitions provided for the cluster by different research-
ers, and then a functional definition will be found for the
purposes of this research. Industrial cluster means the geo-
graphical concentration of small and medium enterprises
that, in addition to having the common opportunity and
threats, seek to complete their supply chain in that area
(Mansouri, 2008).

A group of companies with strong vertical links in a re-
gion are not necessarily close to each other geographically
(Porter, 1990). In its general concept, cluster refers to the
spatial concentration of economic activity in a particular
field. What makes clusters be considered in this way by
policy-makers are the opportunities related to collective
action, which result from external economy of scale, low
transaction costs, and collective action. Thus, the mere
special accumulation of companies that do not commu-
nicate with each other cannot increase collective perfor-
mance. It is the interactions and external effects that are
considered. Therefore, the cluster is a fairly large collection
of economic enterprises that are within a certain spatial
range; they have a distinct expertise background, and in
terms of cluster, the inter-firm trade, and the expertise of
the firms are remarkable (Altenburg and Meyer-Stamer,
1999). The industrial clusters of the accumulation of col-
laborative and rival industries in a networked area in the
form of vertical and horizontal communications, includ-
ing the joint and strong links between the buyer and the
supplier, are expert economic institutions (Stimson et al.,
2006). The development of the cluster depends on the fac-
tors of technology transfer, knowledge transfer, the devel-
opment of skilled labor in the related industries, the ben-
efits of a dense economy and social infrastructure. Porter
attributes the development of the cluster to competition
and focuses on how to compete through these key factors
(Kumar, 2005).

The rail industry is an economic, sustainable, and eco-
nomical industry. First of all, the cost of transportation in
the rail sector is lower than that of other transport meth-
ods, and it has attracted the attention of all countries in
the world. Secondly, during the years passed since industry
development, rail industry has always been one of the con-
sidered industries that are being developed continuously,
and there has been no alternative industry for it up to now.
Considering the importance and necessity of the develop-

491

ment of industrial cluster of rail industries, the aim of this
research is to identify and prioritize the effective factors on
the development of industrial cluster of rail industries in the
Markazi Province.
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2. RESEARCH THEORETICAL LITERATURE

Creation and development of industrial clusters

There are common things about how to establish and
develop clusters in different countries and for various in-
dustries; however, there is no specific, general, and com-
mon model for establishing a global cluster that can be
implemented in all the countries of the world. The creation
of clusters is performed in two ways: spontaneously and
systematically. Spontaneous clusters are those that have
been established by spontaneous concentration of factors
(Chiaroni and Chiesa, 2006). According to Yamawaki’s find-
ings (2002) regarding 37 industrial clusters in Japan, various
factors will make the local industrial clusters be established
and developed, including historical conditions, the existence
of large former industries, the existence of supportive in-
dustries, the existence of related industries in the near geo-
graphic regions, the reduction of transport costs, regional
governmental policies, and the transfer of technology and
human resources. The existence of economic enterpris-
es in the width and length of each other, the existence of
a coordination linking national and local institutions, and
the existence of regulations facilitating the communication
have been the factors influencing the creation of industrial
clusters. The cluster members and enterprises participate in
the cluster. There is also competition within the cluster. This
competition can be carried out in an advanced way among
cluster members in the international markets. It should be
noted that reducing competition among members is the
most important goal of cluster development. The idea of re-
ducing competition means assuring enterprises about more
collaboration of the cluster to easily access a commercial
production factor. The achievement of the above goals in
the cluster will facilitate competition outside of the cluster,
and prepare business companies of the clusters for interna-
tional competitions (Kim, 2002). The clusters compete and
promote collaboration. Competitors compete strongly in at-
tracting and retaining customers.

The success of a cluster requires a serious competition.
Nevertheless, there is also a partnership between them,
which is usually vertical, and this partnership includes com-
panies in the related industries and in-cluster institutions.
Competition can be a symbiosis through collaboration be-
cause it has different dimensions and is made among dif-
ferent players and ultimately leads to development (Porter,
1998).
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Industrial cluster of rail industries in the Markazi
Province
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The cluster of the Arak rail industries is the largest rail
industry in the Middle East and it can produce various types
of rail products. The value added in the cluster was $ 47
million, accounting for over 78% of the value added nation-
wide. Due to the lack of continuous production lines and
production according to the order, the rail industry is consid-
ered one of the employment industries, and Arak city, as one
of the major industrial centers, contributes significantly to
the employment of the rail industry in the country. The rail
industry workers in 119 industrial units of the central prov-
ince are more than 11,000 people directly, and, taking into
account the employment generated in other industries, they
are more than 20,000 people (Agakhani, 2009).

The ability to build and increase production capacity in
accordance with the market needs, the design and engineer-
ing capability at the cluster level in accordance with the mar-
ket needs, the familiarity of large manufacturers and some
middle-market producers with the market, the existence of
a valid wagon-production brand and the possibility of com-
petition in terms of price and the quality at the same time,
the strategic geographical location of the cluster, the indus-
trial context of the region, the ability to build or enhance the
level of machinery and the ability to absorb new knowledge
and technologies, the high level of innovation in the region,
the availability of appropriate hardware, and the presence
of skilled and trained human resources are some of the
strengths of the cluster of rail industries in Markazi Province.

Factors affecting the development of the industrial clus-
ter of rail industries

According to the regional information obtained from the field
study and the Delphi method, using the open questionnaire and
in-person interview with the various institutions involved in the
research subject and study of the available resources, the most
important goals of creation of an industrial cluster proportion-
ally with the region were identified. Since some of these factors
overlap, they are combined with each other and are defined in
the form of six factors as general factors affecting the develop-
ment of industrial clusters in a framework.

Accordingly, based on the research literature and the use
of the Delphi method, six main factors affecting the industri-
al cluster are identified and are described in the following:
(Table 1.)

1. Environmental factors index: The environmental
factor is the potential of the area.

2. Demand conditions index: One of the components
that are focused in Porter’s famous model is the de-

mand conditions that depend on the market. When
customers demand a significant amount of target prod-
ucts, the industry generates the required capacity.

3. Strategy and structure index: It is obvious that firms
are the natural and essential components of cluster;
also, the performance of each firm is a function of
the long-term strategies and plans of the companies.

4. Communication index of enterprises: In the indus-
trial cluster, enterprises and economic and non-eco-
nomic institutions form a group that cooperate hori-
zontally and vertically, and compete with each other.
It can be said that if cluster formation does not make
it necessary to compete and cooperate at the region-
al, national or international level, the goal of forming
and supporting a cluster has not been provided.

5. Infrastructure index: The importance of infrastruc-
ture in relation to economic performance, both at the
enterprise level and at industry level, has been speci-
fied. A network of private and public local institutions
that support economic agents and research centers,
and universities that provide support is considered as
an important factor in the study of industrial clusters.

6. Geographical concentration index: Since the emer-
gence of the cluster concept, geographic concen-
tration is one of the main cluster elements. The
existence of natural resources, the reduction of
transaction costs, the achievement of economies of
scale due to mass production, and the ease of mar-
ket specialization are some strong factors regarding
the importance of geographical concentration in the
creation of industrial clusters.

Environmental
factors

Geographical
focus

Demand
condition

Establishment and
Development of
Industry Cluster

Strategy and
structure

Relation of
enterprises

Figure 1. Factors affecting the development of industrial cluster of
rail industries



Table 1. Factors affecting the development of industrial cluster of

rail industries

Main factor Sub-factors Researcher
Human resources Marshall, 1920; En-
right, 2001

Environmental

Natural resources

Porter, 1990; Enright,
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Geographical
concentration

Small urban dimen-

Bagnasco and Trigilia,

sion 1984
Lack-of rival cluster Seeley, 2011
in the area

Savings due to scale

Porter, 1990

Specialization of
market factors

Marshall, 1920; Chiar-
oni and Chiesa, 2006

2001; Marshall, 1920

factors
Fund Chiaroni and Chiesa,
2006; Seeley, 2011
Technology Seeley, 2011

The size of domestic
and foreign markets

Distance from the
foreign market
The vision of do-

Enright, 2001; Porter,
1990; Isbasoiu, 2007;

Demand condi-

tions mestic and foreign Porter, 1998; Seeley,
markets 2011
Limitations and bar-
riers to be in foreign
market
Native demand
o Chiaroni and Chiesa,
Ability to manage 2006
Corporate asset Porter, 1990; Mullin
P and Kotval,1998; Chiar-
Strategy and structure oni and Chiesa, 2009
truct —
structure Corporate strategy Rabulotti, 2004
External impacts on
industrial cluster Marshall, 1920
creation
Corporate co-oper-
ation Jacobs and De Man,
Relation of 1996; Ketels, 2004;

Corporate compe-

enterprises " Enright, 2001; Maskell,
tition

2001

Information flow

Marshall, 1920;
Enright, 2001; Porter,
1990; Isbasoiu, 2007;

Yamawaki, 2002

Backup industries
and suppliers

Institutions

Infrastructure Seeley, 2011; Chiaroni

Industry policy and Chiesa, 2006

Research centers

Communication
infrastructure and
transportation

Seeley, 2011

The presence of
leading companies
in the region

Jacobs and De Man,
1996; Isbasoiu, 2007

3. RESEARCH METHODOLOGY

This is an applied study in terms of purpose and is a de-
scriptive-survey research in terms of data gathering. In order
to achieve the main objective of the research, comprehen-
sive identification of the factors and sub-factors affecting the
creation and development of industrial clusters, the Delphi
method was used and it was moderated using statistical
analysis and, in the end, the network analysis process tech-
nique was used to rank these factors. In the following, the
research steps are described:

Step one: The Delphi team was selected with the help
of the 10 members of an analyst team consisting of two
researchers, five experts in the rail industry of the country
and three industry experts from the Markazi Province. This
group included 20 people including experts, faculty mem-
bers of universities and executive forces in the rail industry
in the Markazi Province. If there was no new proposal by
arbiters or after realization of the 70% agreement between
the arbiters, the Delphi round was ended. As both condi-
tions were fulfilled in the third round, the Delphi rounds
were ended and the list of six main indicators (factors) and
the 26 sub-indicators (sub-factors) was presented as the fi-
nal result of the research.

Step two: At this step, according to the data obtained
from the Delphi method, and due to lots of the sub-factors
of each factor, a prioritization questionnaire was distribut-
ed to modify the sub-factors of each of these six factors,
because the development of the sub-factors of each cri-
terion will make the completion of the pair questionnaire
time-consuming and will increase the percentage of error
in the completion of the questionnaire. The analysis unit in
this study included industry cluster experts with a bachelor’s
degree, a master’s degree and a Ph.D. degree in the fields of
Transportation Engineering, Industrial Management, Busi-
ness Administration, and Transportation Economics with
over 5 years of experience. Also, in this research, the arbi-
tration sampling method was used to determine the sample
size. The factors (indicators) prioritization questionnaire was
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distributed among 60 people and 55 questionnaires were
collected.

Step three: In this step, using the network analysis pro-
cess technique, factors influencing the creation and de-
velopment of industrial clusters in the rail industries were
ranked. To this end, the relative importance of each factor
was measured according to experts.

Network analysis process

The network analysis process was developed by Saaty and
Takizova (1986), and it aims to structure the decision-mak-
ing process according to a scenario influenced by multiple
independent factors. This technique improves the hierarchy
analysis process as a multi-criteria decision-making tool by
replacing the network with the hierarchy. Since problem
solving is investigated in the network approach, in which
factors are similar to hierarchical issues, and there is only
dependence among the sub-factors of the research, in this
condition, the network can be divided into several sub-is-
sues consisting of hierarchical levels so that each level con-
tains a set of criteria related to each sub-issue (Jharkharia
and Shankar, 2004).

Validity and reliability of the questionnaire

In this study, Cronbach’s Alpha coefficient was used to
measure the prioritization questionnaire and, according to
the main factors of the research, six Cronbach’s Alphas were
obtained in relation to the six indices. The results are provid-
ed in Table 2.

Table 2. Cronbach’s Alpha Coefficients of Research Indicators

Cronbach’s Alpha

Index . .
Coefficient

Environmental factors 0.82
Demand conditions 0.86
Strategy and Structure 0.79
Communications between enterprises 0.74
Infrastructure 0.81
Geographic concentration 0.79

According to the results of the Cronbach’s Alpha test, the
coefficient of reliability of all factors is more than 0.7 and all
the indicators are accepted.

Data analysis

In this part of the research, in order to prioritize the fac-
tors affecting the creation and development of industrial
clusters in the Markazi Province, after adjusting the sub-fac-
tors of each of the comparison matrices of the main factors,
the matrix of dependence of the main factors to each other

and the dependence of the sub-factors of each factor are
formed together and, finally, their compatibility is exam-
ined. In the following, these steps are described for the
main factors in the environmental factors index. It should be
noted that the primary pair-wise comparison matrix for the
sub-factors of environmental factors index is obtained from
the geometric mean of experts’ opinions.

Table 3. Matrix of pair-wise comparisons of sub-factors of
environmental factors

Natural | Human | Capi- | Tech- Eigen-
resources | resources| tal | nology | vector
Natural 1 852 | 820 0.39
resources
Human 2.03 1 56 | 840 0.49
resources
Capital 1 2.18 0.07
Technol- 1 0.05
ogy
Total 1

In the following, the normalized final matrix is calculated
and the results are presented with the corresponding weight
vector in Table 4.

Table 4. Final normalized matrix, pair-wise comparisons of sub-
factors of environmental factors index

Natural | Human | Capi- | Tech- Eigen-
resources | resources| tal | nology | vector
Natural 0.30 0.25 055 | 0.41 0.38
resources
Human 0.62 0.55 036 | 0.42 0.49
resources
Capital 0.04 0.10 007 | 0.11 0.08
Technol- 0.04 0.10 002 | 006 0.05
ogy
Total 1

In the end, by combining all of finite super-matrices, the
result of the decision was determined and the relative im-
portance of the criteria affecting the creation and develop-
ment of industrial cluster industry in the Markazi Province
was measured by a questionnaire and by the use of the
opinions of the experts of the rail industry of the country
and the Markazi Province. The final matrix of this study is
presented in Table 5.

In Table 6 below, according to the values obtained for
each of the factors and sub-factors, the ranking and prior-
itization of each of the sub-factors of the research are pre-
sented.



495

Brazilian Journal of Operations & Production Management

Volume 15, Nimero 4, 2018, pp. 490-498

DOI: 10.14488/BJOPM.2018.v15.n4.a3

9|0 |0|jO0O|O0O|O|O0O]| O 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1S00°0
sQ|o|o0o|lO0O|O|O|O]| O 0 0 0 0 0 0 0 0 0 1 0 92L0 0 0 0 0 0 ¥800°0
ved| 0| 0|00 |0]|O 0 0 0 0 0 0 0 0 0 T 0 0 S617°0 0 0 0 0 0 ££S0°0
€O|0|JO0Of0O|0O|0]|O 0 0 0 0 0 0 0 0 T 0 0 0 £8€°0 0 0 0 0 0 ¢Sv0°0
TeO|0|0|O0O)JO0O|O0]|O 0 0 0 0 0 0 0 T 0 0 0 0 0 (44N 0 0 0 0 ¢6170°0
oeO|o0ojo|o0|O0O|O|O]| O 0 0 0 0 0 1 0 0 0 0 0 0 L00 0 0 0 0 STC00
612/ 0 | 0O|O0O |0 |0 |O 0 0 0 0 0 T 0 0 0 0 0 0 0 9080 0 0 0 0 TLS0°0
81D 0O |0O|JO0O|0O0O|0]|O 0 0 0 0 T 0 0 0 0 0 0 0 0 0 6¢T°0 0 0 0 LT80°0
9Io> |0 (0|0 |O|O|O0O| O 0 0 1 0 0 0 0 0 0 0 0 0 0 S69°0 0 0 0 €700°0
¥1O|0|0|O0O|O0O|O|O0O| O 0 T 0 0 0 0 0 0 0 0 0 0 0 0080 0 0 0 7050°0
¢1D|o0f0|O0O|JO0Of|O0]|O 0 T 0 0 0 0 0 0 0 0 0 0 0 0 0 SLT0 0 0 ¥¥700°0
T1O|0|0|O0O|O0O(|O0]|O T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S¢L0 0 0 9TT00
6O|o0f0O|jO0O|O|O|T]| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ¥61°0 0 S¥00°0
8|0 |[0|]O0|O0]|T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 LLS0 0 9€T00
D000 (T 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S9T°0 0 8€00°0
”|ofjfo|jT|O0|O0O|O0O]|O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9900 0 ST00°0
eQ|o|T|O0O|O|O|O]| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0880 | 86ST0
o|1|0|l0|O0O|O0O|O0O]| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8TT0 €100
uonesy
S1030e} ainy suon suoy | -usduod 115N 40
T [ €293 |£D|8|6D|TID|CID|¥TD|9TD |8TD | 61D | 02D | TTD | €7D | ¥2D | SO | 92D | [eaudw | ABajesss| -dnuis | -edlunwi | -Ipuod [edl uoness)
-uoJinug -eJju| -wod | puewaq| -ydesd :
-099
SsaAleuId)|Y =IFE} B ) |eoo

Uy2Jeasal JO sJ010e) UlewW Y3 JO XLlew-1adns ayewn|n *s ajqeL




496
5 @ Brazilian Journal of Operations & Production Management
3 I Volume 15, NGmero 4, 2018, pp. 490-498
<2 oo 10.14488/BJOPM.2018.v15.n4.a3

]

=

Table 6. Ranking of the sub-factors of the main research indicators

The values of The values of
each indicator | each sub-index
. . Priorit Sub-factors Row Indicator
relative to the | relative to the y
target target
0.181264C6 0.021391 Lack ?f rival cluster in the aréa Cc2 Geographic.al concen-
0.159873 Costs resulting from mass production scale Cc3 tration
0.001558 17 The size of the domestic/foreign market (%)
0.003829 16 Marketing c7 "
0.023573 Demand conditions
0.013617 8 Commerce Cc8
0.004569 13 Limitations and barriers to be in market Cc9
0.011656 9 Corporate co-operation C11 o
0.016079 — Communications
0.004423 14 Corporate competition C12
0.050495 4 Support industries & Suppliers ci14
0.063052 0.004386 15 Communication Infrastructure/Transportation of | - . ¢ Infrastructure
institutions
0.008171 11 Institutions C18
0.057164 3 Ability to manage C19
0.078739 0.021575 Corporate asset structure C20 Strategy/structure
0.00000 * Corporate strategy c21
0.045212 5 Human resources C23
0.057754 2 Natural resources C24 i
0112916 : Environmental
0.008470 10 Capital C25 factors
0.008148 12 Technology C26

4. DISCUSSION AND CONCLUSION

According to the results, the geographic concentration
index has been rated at 0.181264, which shows its high
importance, especially in terms of costs from the mass
production scale with rank of 0.159873. Since the con-
cept of cluster was created, geographic concentration
has been one of the main cluster elements. Bagnasco
and Trigilia (1984), in their study have examined the im-
portance of small urban dimension and spatial features.
Historical clustering studies are reflected from the efforts
of Alfred Marshall in 1920 to localize the economy. He re-
ferred the positive effects of putting together industries,
which, in addition to facilitating the infrastructure facili-
ties, it would also save the costs of the mass production
scale. The lack of managerial and entrepreneurial skills
of the owners of enterprises and the lack of clarity of the
timing of implementation of development plans in the rail
industry of the country and especially in the rail indus-
try of the Markazi Province have caused financial weak-
ness and lack of liquidity. According to his study, El-Ju-
hany (2010) says that his lack of economic knowledge,
the weakness of management experience, the inability
to influence environmental change and high vulnerabili-
ty from this perspective, and the limitation of funding in
comparison with large companies, are the common prob-
lems of enterprises.

Mistrust and lack of financial clarity between manu-
facturing and distributing units and public sector agents,
as well as the weakness of the culture of cooperation,
have caused problems for creation trust among econom-
ic agents in the cluster of rail industries in the Markazi
Province so that the resolution of this problem requires
the development of culture and the introduction of wide-
spread benefits of cooperation. In his research, Rabulotti
(2004) referred a strong set of forward, backward, and
horizontal links, and labor market relations based on mar-
ket and non-market exchanges of goods, services, infor-
mation, and individuals in the creation and development
of industrial clusters.

5. RESEARCH SUGGESTIONS

If industrial clusters are created and developed in the
region, it will have many benefits for the stakeholders, as
the main reason for the development of industrial areas
is the savings due to the accumulation of units. This is be-
cause there will be positive side effects in production and
the production cost will be reduced due to the increase in
the production of the other enterprises; thus, this issue is
very important for the industrial cluster.

Since industrial production in the form of a cluster re-
quires the cooperation and the positive competition of



in-cluster enterprises, it is suggested that the communi-
cation and cooperation for key activities is required be-
tween the enterprises that are active in the rail industry,
given the strong social and cultural background of the
region, which is almost homogeneous and can link eco-
nomic agents together; they should also use the key ca-
pabilities of each other; in addition, the cluster should be
integrated into the global chain, as it brings together the
economic attractions of enterprises, and ultimately en-
terprises earn more money.

It is suggested to create a kind of organizational struc-
ture called subcontractors and to gather other companies
or units as a large corporation. Some of the benefits of
this action are reduced transportation costs, improved
marketing, and improved product quality; in addition, the
contractor can lead the government to eliminate cumber-
some regulations and facilitate the development of indus-
trial clusters in the region. It is also suggested that this
action be taken into consideration for discovering and us-
ing the regional advantages and networking and creation
of synergies between in-cluster enterprises as strategic
strategies in all major economic and industrial develop-
ment policies of the country.
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