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Abstract—Manufacturing flexibility is a multidimensional
concept and manufacturing companies act differently in using
these dimensions. The purpose of this study is to investigate
taxonomy and identify dominant groups of manufacturing
flexibility. Dimensions of manufacturing flexibility are extracted
by content analysis of literature and expert judgements.
Manufacturing flexibility was measured by using a questionnaire
developed to survey managers of manufacturing companies. The
sample size was set at 379. To identify dominant groups of
flexibility based on dimensions of flexibility determined,
Hierarchical Cluster Analysis (HCA), Imperialist Competitive
Algorithms (ICAs) and Support Vector Machines (SVMs) were
used by cluster validity indices. The best algorithm for clustering
was SVMs with three clusters, designated as leading deliverybased flexibility, frugal flexibility and sufficient plan-based
flexibility.
Keywords-manufacturing flexibility; taxonomy; dominant
groups; hierarchical cluster analysis; support vector machines;
imperialist competitive algorithm.

I.

INTRODUCTION

In a stable environment, the concept of traditional
management helps organizations achieve success. However,
this management approach is restricted in preparing
organizations to deal with environmental uncertainty. For this
reason, new management theories have focused on the
development of flexibility as an alternative approach for
traditional management [1]. Adaptability of a company with
environmental uncertainty is heavily influenced by
manufacturing flexibility [2]. In [3], authors stated that
customer satisfaction and supplier trust is a key success in
turbulent environments in which frequent changes are made in
product features and volume of demand; to achieve these goals,
the company needs flexibility. Meanwhile, it seems reasonable
to employ a manufacturing strategy which is the effective
utilization of manufacturing capabilities as a competitive tool
www.etasr.com

in order to achieve organizational goals and improve
performance. One of the most important manufacturing
capabilities is manufacturing flexibility; according to [4],
manufacturing flexibility refers to the ability to change or to
meet or achieve minimum loss in time, cost and performance.
Recent economic developments indicate that manufacturing
flexibility is more important than ever; flexibility is considered
as the main goal of many manufacturing systems [5]. During
the recent decade, manufacturing flexibility has been addressed
by academy and industry; moreover, research has been done on
definitions, classification and identification of different
dimensions of flexible manufacturing [6-9]. Investment in
manufacturing flexibility enables organizations to reconfigure
or reduce uncertainty and create competitive position, or hold
their capabilities to understand future uncertainty in order to
adapt to uncertainty better [10]. Manufacturing flexibility can
be a vital and definitive source of competitive advantage,
although it is the most difficult goal to achieve [4, 11].
In [12], author distinguished the difficulty in achieving
manufacturing flexibility; as he suggested, this should not be
considered as a commodity which can be bought from shops
and used directly, but rather, it should be carefully planned and
managed [13-16]. It is assumed that the organization can be
flexible in some ways and less flexible in some others.
Managers should focus on proper dimensions of adaptation to
their company and develop a particular set of manufacturing
flexibility [17]. Manufacturing flexibility has diverse
dimensions and nature. Its dimensions were first introduced in
[18] as flexibility of machine, process, product, production line,
production volumes, development, operation and production.
Interestingly, two studies conducted to determine types of
manufacturing flexibility in organizations provided similar
results; however, they addressed the same industry and there
are similar competitive features in a specific industry [6]. In
[5], authors stated that a certain degree of manufacturing
flexibility is a future priority. Dimensions of flexibility applied
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to any organization do not necessarily improve performance
and may even reduce it; therefore, additional time and expense
spent to implement dimensions which do not fit manufacturing
organizations should be avoided [19, 20]. As noted earlier,
works such as [17-18, 21] presented different dimensions for
manufacturing flexibility of industrial organizations and
showed that organizations use different dimensions of
manufacturing flexibility based on their conditions and
characteristics. In [6, 17] it was proposed that different
organizations need to focus on different dimensions of
manufacturing flexibility.
However, none of these works have determined a
harmonious and congruent combination of dimensions which
can be planned and implemented in a company. In other words,
they have not determined the dominant groups of
manufacturing flexibility and their dimensions which are more
efficient and effective for a company. In addition to the
identification of these dimensions, manufacturing companies
with different characteristics need to know the above factors,
an issue that is addressed in this study. Moreover, this study
compares different algorithms for taxonomy and selection of
dominant groups of manufacturing flexibility to select the best
clusters by choosing the most efficient algorithm by cluster
validity indices. For this purpose, this study reviews the
literature and determines dimensions of manufacturing
flexibility to identify the dominant groups of manufacturing
flexibility; finally, different dominant strategic groups of
flexibility are designated and conclusions and suggestions are
made for future studies.
II.

LITERATURE REVIEW

Management literature shows that flexibility is considered a
positive asset [22]. Organizations require flexible
manufacturing to manage uncertainties in their environment
[23]. However, since term flexibility is used excessively, its
detailed concept is not clear [24]. In general, flexibility can be
considered as an indicator linking the system and its external
environment to absorb uncertainty, dynamics of the system as
well as the ability to change and adapt [25]. Scholars have used
different types of flexibility for manufacturing flexibility. For
example, in [9] authors divided flexibility in three groups:
flexibility in decision making theory, flexibility in economy
theory and flexibility in manufacturing systems. In the past few
decades, the concept of manufacturing flexibility has been a
key competitive criterion for many manufacturing
organizations. A series of studies has been performed by
different scholars on different aspects of flexibility [26]. In
[27], authors stated that the above concept refers to the ability
of the manufacturing system to adapt to changing and dynamic
environment; another appropriate definition can be the ability
of the system to cope with changes related to devices,
processes and products [28]. However, in [2] authors stated that
flexible manufacturing is the ability to produce a great variety
of key features of the product; in overall, manufacturing
flexibility can only be seen in output. The most inclusive
definition which has been raised so far is the ability to change
or react with the least possible loss in time, cost and
performance [24]. All definitions specify three points: first,
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they all determine the extent and diversity of the subject;
second, they agree that flexibility is the ability to respond to
change; third, that flexibility has been proposed against
uncertainty.
According to [29], evidence shows discrepancies in existing
definitions of flexibility; it is thus proposed that the concept is
not well understood yet. To understand flexibility, it is essential
to consider various aspects such as definition of flexibility,
types of flexibility, criteria of flexibility and its effect on
investment decisions [30]. Manufacturing flexibility is a multidimensional phenomenon. In [18], authors presented eight
dimensions of flexibility including machine, process, product,
production line, production volume, extension, operation and
production; then, other dimensions such as handling, labor,
plan, market, delivery, moderation and services were added to
the above dimensions [31]. A number of scholars have
addressed manufacturing flexibility with a special glance at
several dimensions. For example, in [32] eight dimensions
were identified and in [33] eleven dimensions were identified.
There are different classification logics including horizontal
classification, vertical classification, time-based classification,
target-based classification and combined classification for
interpretation of various aspects of manufacturing flexibility
[25]. In [6], authors presented a new classification for types of
manufacturing flexibility. In [26], it was showed that
manufacturing flexibility and labor flexibility has a positive
effect on product innovation. In [34], it was concluded that
formal organizational structures along with manufacturing
flexibility improve performance. In [29], authors presented a
new classification of previously known flexibilities. Essential
flexibility includes machine, product, labor, transportation,
track and volume; components of sufficient flexibility include
processes, operations, plans and materials; components of
competitive flexibility include production, development and
market. In [2], authors developed a model which considered
manufacturing flexibility as a dynamic capability. In [3],
authors presented a new business model for flexible
organizations. In [35] 6 widely used dimensions of flexibility
were measured. In [36] drivers and factors of flexibility in an
unpredictable, unstable and operational environment of
manufacturers were discussed. In [37], a conceptual model by
using only two dimensions, production volume and process,
was developed to show the effect of manufacturing flexibility
on performance.
According to [18, 31-33] that identified dimensions of
manufacturing flexibility, the present study comprehensively
addresses these dimensions, taxonomy of manufacturing
companies based on these dimensions by comparing different
grouping techniques and determines dominant groups of
flexibility.
III.

MATERIALS AND METHODS

A. Population and Sample
This study addressed manufacturing flexibility in 379
manufacturing companies from seven industries as listed in
Table I. The distributed questionnaires were filled by top
managers.
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TABLE I.
Industry
Studied company

N
%

Food &
Beverage
135
36

Metal
144
38
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THE STUDIED COMPANIES

Electrical &
Electronics
35
9

B. Data Collection and Validation
Content analysis was used to identify the dimensions of
manufacturing flexibility. Based on this analysis, 18
dimensions of manufacturing flexibility were identified and are
listed in Table II. To enrich the analysis, ten academic and
industrial experts were asked to review the dimensions and
TABLE II.
1
2
3
4

Dimensions
New product
Production volume
Machine
(machines)
Material handling

6
7
8

Product mix
(process)
Extension
Labor
Routing

9

Plan

10
11

Market
Production

12

Operations

13

Delivery

14

Modification

5

15
16
17
18

Quality of input
materials
Quality
Automation
New design

Chemical

Textile

Cellulose

Non-metallic mineral

Total

26
7

19
5

11
3

9
2

379
100

provide their feedbacks about their relationship with flexibility
and their differentiation from other dimensions. Then, three
dimensions including quality of input materials, quality and
automation were discarded because their score was less than
mean. New design was also considered as a part of new
product; thus, this dimension was also discarded.

DIMENSIONS OF MANUFACTURING FLEXIBILITY

Definition
Ability to change current product or produce new product quickly at minimal cost
Ability to take orders and produce at different volumes ranging from low to high profitably
Ability to perform various operations by machine without the need for spending too much
time and cost to shift from one operation to another
Ability of material handling system to transfer materials effectively to different parts in
proper situations and process them for the required production unit
Ability to produce a large variety of products without inclusion of fines or large changes in
performance of the final product
Ease of development of system capacity at the right time
Ability of personnel to perform various tasks and their multidisciplinary nature
Ability to produce alternative routes (by different machines and operations)
Ability of the system to work continuously without supervision and inspection (as long as
the system can work without supervision, inspection, repair and maintenance)
Ability to adapt the production system easily to changing market conditions
Ability to produce diverse parts / products without adding capital equipment
Ability to produce by different methods with alternative processing schemes or through
interaction with or replacement of some operations by other types of operations
Ability to shorten and extend delivery time and ability to prepare changing demands in a
short time
Ability to correct products without inclusion of fines or large changes in performance of
final product

Literature
[6, 11, 17, 21, 23, 25, 28-29, 31-36]
[6, 11, 21, 23, 25, 28-29, 31-36]

Ability to use different quality inputs

[29, 33]

Ability of the system to change quality of product or products to fit the market demand
Level of automation and computerization of manufacturing technologies
Ability to design and introduce the product rapidly to the manufacturing system

[36]
[6]
[6]

Then, the manufacturing flexibility questionnaire was
developed based on 14 dimensions remaining. This
questionnaire was composed of two parts; the first part
involved demographic variables and the second part consisted
of 14 dimensions and 45 scales. The questions were scored on
a 5-point scale from very low to very high. The questionnaires
were distributed among top managers of manufacturing
companies. To avoid ambiguity, problems of managers with
the questionnaire were resolved in person. Content validity was
used to validate the questionnaire. First, dimensions were
extracted and listed in tables with their definitions in Farsi and
English and references; the listed dimensions were modified
and approved by academic experts. Second, the scales related
to each dimension were listed in tables with their definitions in
Farsi and English and references and presented to experts; the
listed scales were modified and approved by academic experts.
Third, dimensions and scales were presented to industrial
experts; once they approved the dimensions and scales, the
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[6, 11, 21, 23, 25, 28-29, 31-35]
[6, 11, 21, 23, 25, 28-29, 31-35]
[21, 23, 26, 29, 32-37]
[6, 11, 21, 25, 28-29, 31-33]
[21, 23, 26, 29, 32-36]
[6, 11, 21, 23, 25, 28-29, 31, 33]
[6, 11, 23, 25, 28-29, 31]
[6, 11, 25, 28-29, 31-32]
[6, 11, 25, 28-29, 31]
[6, 21, 25, 28-29, 31]
[6, 23, 33, 36]
[21, 35]

questionnaire was designed and used. Convergent validity was
used to determine construct validity by using confirmatory
factor analysis (CFA). Varimax rotation was used to validate
the manufacturing flexibility questionnaire. KMO of a
construct represents sampling adequacy for factor analysis.
Significance level of Bartlett's test also shows that factor
analysis can be used to identify constructs. There are different
methods which can be used to determine reliability of the
questionnaire. One of these methods is internal consistency.
C. Data Analysis
Hierarchical Cluster Analysis (HCA), Imperialist
Competitive Algorithms (ICAs) and Support Vector Machines
(SVMs) were used to cluster and identify dominant groups of
manufacturing flexibility. MATLAB and R were the software
used. Six cluster validity indices were used to compare results
of three algorithms and select the best results. Clustering refers
to splitting a heterogeneous group into several homogeneous
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subgroups to maximize between-group difference and
minimize within-group difference [38]. There are two types of
cluster analysis, hierarchical and non-hierarchical; hierarchical
clustering is known as the most widely used cluster analysis.
Since the number of flexible clusters was not clear initially,
HCA was used in this study. SVMs can be considered as one of
the most effective statistical training methods for classifying
data. SVMs acts by findings support vectors and finding linear
machines at high-dimensional feature space but non-linearly
associated with input data space. SVMs are widely used as a
fast method for classifying data [39].
ICAs are one of the new meta-heuristic methods [40].
Although ICAs has been invented for few years, they been used
in many problems such as skeletal structure design [41], data
clustering [42], linear induction motor [43]. In addition to their
efficiency, rapid convergence and high ability to optimize
compared to existing algorithms [44], ICAs are highly
preferred for their innovation and attractiveness. There are
different methods and indices used to validate the results of
clustering by different algorithms. This study used six cluster
validity indices noted by different works such as [45-47]. The
most efficient algorithm was the one in which all six indices
were in better position. These indices included Davies and
Bouldin index, Dunn index, GDI11 index, WemmertGancarski index, Ratkowsky-Lance index, and CalinskiHarabasz index. Note that the best value is characterized by the
least value for Davies and Bouldin index and the highest value
for other indices.
IV.

RESULTS

A. Validity and Reliability
As shown in Table III, KMO>0.5, p-value<0.05 and α>0.6
indicate good validity and reliability of the questionnaire.
B. Taxonomic Results
Since the number of clusters was not clear initially in HCA,
dendrograms of 379 observations were plotted. Figure 1 shows
the dendrogram of 379 companies. According to the
dendrogram and placement of observations in clusters,
judgements can be made about the number of clusters. As
shown in the figure, there are at least 5 clusters in the
dendrogram.
To evaluate minimum and maximum clusters possible, the
number of clusters was set at 3 to 8 and observations were
examined by six indices. The results are presented in Table IV.
The best number of clusters for HCA was six. To cluster by
SVMs, it is required to use a primary clustering. For this
purpose, a part of data (data related to 100 companies) was
used as training data based on which the model was trained.
Then, all data was used for clustering. Primary clustering was
done initially; training data was clustered by using k-means in
100 iterations assuming five clusters. The result was used to
train the SVMs. The second row of Table IV shows the results
of 3 to 8 clusters examined by six different indices in SVMs.
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As the results show, the best number of clusters was three.
Three to eight clusters were created and the output was used for
examining the indices. The third row of Table IV shows the
results of ICAs for different indices. As the results show, the
best number of clusters was three.
C. Comparison of Different Clustering Algorithms to Select
the Most Efficient Algorithm
Table V was developed by considering the best number of
clusters identified in Table IV. This table lists the value of
evaluation criteria for the selected number of clusters. For
example, 0.1771 is the value of Wemmert-Gancarski for six
clusters, and so on. As noted earlier, the best value is the least
for Davies-Bouldin and the highest for other indices. Therefore,
the best values of indices in different algorithms and
consequently the best algorithm are listed in the fifth and sixth
row of Table V. The sixth row shows the selected number of
clusters for the selected algorithm. As shown in the table, three
clusters have the highest selection in different indices.
D. Cluster Designation
Considering three clusters for SVMs, Table VI lists the
results of cluster analysis for mean of different dimensions,
rank of each dimension in each cluster and among other
clusters.
1)
Cluster 1: delivery-based leading flexibility cluster
Cluster 1 was the first between three clusters in terms of
production volume, new product, process, extension, labor,
market, production, delivery and modification; moreover,
delivery was the first dimension within the cluster 1. Thus,
cluster 1 was designated as delivery-based leading flexibility
cluster. Therefore, it can be claimed that the companies located
in this cluster are leading in a large number of dimensions of
flexibility and particularly consider delivery. They are able to
deliver goods at different times to meet customer demand.
2)
Cluster 2: frugal flexibility
Cluster 2 was designated as frugal flexibility cluster.
Similar to the essential flexibility cluster of [29] which was the
top priority in terms of machinery and routing, machinery and
routing were the first in the cluster 2 between clusters and other
dimensions were the third. Within the cluster 2, machinery was
the first. This indicates flexibility of machinery and the ability
to perform different operations by machinery in this group.
3)
Cluster 3: plan-based sufficient flexibility
The third cluster was designated as plan-based sufficient
flexibility. The cluster 3 was the first between other clusters in
terms of material handling, operation and plan. Sufficient
flexibility cluster of [29] also involved operation and plan. The
plan-based sufficient flexibility cluster was the second between
clusters in terms of other dimensions. Plan was the first within
the cluster 3; this indicates particular attention to system
planning in this cluster. The companies located in this cluster
can operate without monitoring and inspection for a longer
time.
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TABLE III.

Construct

Product mix
MI

Production volume
V
New product
NP
Machine
MA

Material handling
MH

Extension
E
Labor
L
Routing
RO
Plan
P
Market
MAR
Production
PR
Operation
O
Delivery
D

Modification
MO

TABLE IV.
Algorithm

V.

Scale

Factor loading

MI1
MI2
MI3
MI4
MI5
MI6
MI7
V1
V2
NP1
NP2
NP3
MA1
MA2
MA3
MH1
MH2
MH3
MH4
MH5
MH6
E1
E2
E3
L1
L2
L3
RO1
RO2
P1
P2
MAR1
MAR2
PR1
PR2
O1
O2
D1
D2
D3
MO1
MO2
MO3
MO4
MO5

0.76
0.65
0.5
0.75
0.5
0.59
0.51
0.73
0.73
0.76
0.81
0.65
0.68
0.77
0.64
0.56
0.53
0.5
0.72
0.51
0.49
0.76
0.73
0.73
0.48
0.78
0.78
0.68
0.68
0.5
0.5
0.67
0.67
0.62
0.62
0.61
0.61
0.66
0.6
0.46
0.48
0.67
0.50
0.70
0.74

KMO

0.79

0.58
0.63

0.61

0.72

0.64

0.66
0.59
0.61
0.54
0.55
0.57
0.62

0.7

Bartlett

Iteration

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Adjusted variance

હ

0.68

0.78

0.63

0.6

0.64

0.67

0.66

0.69

0.69

0.71

0.65

0.68

0.63

0.67

0.62

0.65

0.62

0.69

0.57

0.6

0.54

0.62

0.53

0.69

0.66

0.68

0.64

0.71

NUMBER OF CLUSTERS IN THREE ALGORITHMS BY USING SIX CLUSTER VALIDITY INDICES

Evaluation indices
Ratkowsky-Lance GDI11 Dunn
4
6,7,8
6,7,8
3
3
3
3
5
5

DISCUSSION AND CONCLUSION

Content analysis was used to identify dimensions of
manufacturing flexibility. Then, experts were asked to provide
their judgments on these dimensions and their relevance to
industries existing in Iran. Content analysis showed that
frequency, new product, production volume and machinery,
www.etasr.com
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VALIDITY AND RELIABILITY OF MANUFACTURING FLEXIBILITY QUESTIONNAIRE

Wemmert-Gancarski
6
3
3

HCA
SVM
ICA

Vol. 7, No. 2, 2017, 1559-1566

Calinski-Harabasz
4
3
3

Davies-Bouldin
5
5
8

Frequency
6(3)
3(5)
3(3)

respectively, were the most iterated dimensions in previous
research. Considering different judgements of experts on
relevance of these dimensions to the industries existing in Iran,
content analysis of dimensions of manufacturing flexibility
showed that priority of these dimensions is completely different
for industrial organizations which seek for manufacturing
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flexibility in different dynamic environments and in different
industries. This has also been noted in previous works [5, 6, 12,
17].
HCA, ICAs and SVMs were used for taxonomy, clustering
and identifying dominant groups of manufacturing flexibility.
The results of clustering were evaluated by using cluster
validity indices. The results indicated three dominant groups of
flexibility considering 14 dimensions of manufacturing
flexibility; these groups were designated as delivery-based
leading flexibility, frugal flexibility and plan-based sufficient
flexibility. New product was the first to third priority in all
groups, which indicates high importance of new product.
Considering the change in customer needs and high
competition in the market, it is particularly important to
consider this dimension in all companies. This was not
unexpected, because many previous studies such as [6, 11, 17,
21, 23, 25, 28, 29, 31-36] have noted this previously. New
product was the most iterated dimension (14 iterations) in
TABLE V.

1564

content analysis. Unlike new product, production was the last
dimension in three clusters; this indicates that production could
not influence flexibility of Iranian industries or at least
companies could not be flexible in this dimension. This can be
attributed to mass production system used in majority of
Iranian companies. This system is not flexible to changing
needs of customers in minimum cost and short time. Routing
was one of the last dimensions in all the clusters; this indicates
weakness of manufacturing companies in implementing this
dimension of flexibility in their production system. This can be
attributed to lack of flexibility of mass production system and
expensiveness of production through different routes for
manufacturing companies. That is why companies are less
likely to work on this dimension. Priority of dimensions of
flexibility is different in most companies which are located in
different clusters. Delivery is the first priority in the cluster 1,
while it is the fourth priority in the cluster 2 and 3. Moreover,
machinery is the first priority in the cluster 2, while it is the
eighth priority in the cluster

RESULTS OF EVALUATION INDICES FOR THE APPROPRIATE NUMBER OF CLUSTERS IN DIFFERENT ALGORITHMS

Evaluation indices
Algorithm

WemmertGancarski
0.1771
0.2121
0.1572
0.2121
SVM
3

HCA
SVM
ICA
Optimum
The best algorithm
Appropriate number of clusters
TABLE VI.

2

3

Mean
WC rank
BC rank
Mean
WC rank
BC rank
Mean
WC rank
BC rank

Fig. 1.

GDI11

Dunn

0.1442
0.1764
0.1442
0.1764
SVM
3

0.1442
0.1764
0.1442
0.1764
SVM
3

CalinskiHarabasz
40.4149
55.8881
46.7893
55.8881
SVM
3

DaviesBouldin
1.6898
1.3823
1.0834
1.0834
ICA
8

RESULTS OF CLUSTER ANALYSIS FOR CLASSIFYING MANUFACTURING COMPANIES BASED ON DIMENSIONS OF MANUFACTURING FLEXIBILITY

Cluster
1

RatkowskyLance
0.2460
0.2716
0.2536
0.2716
SVM
3

Mi
3.09
7
1
2.72
11
3
2.97
11
2

V
3.52
2
1
3.06
2
3
3.25
3
2

N
3.03
10
1
2.78
9
3
2.85
12
2

Ma
3.08
8
3
3.34
1
1
3.28
2
2

MH
3.04
9
2
2.83
8
3
3.17
7
1

Complete dendrogram for the 379 companies
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E
3.49
3
1
2.98
3
3
3.19
6
2

L
3.39
4
1
2.97
4
3
3
9
2

Ro
3.89
13
2
2.91
6
1
2.78
14
3

P
2.98
11
2
2.47
13
3
3.3
1
1

Mar
3.37
5
1
2.93
5
3
3.21
5
2

Pr
2.87
14
1
2.7
12
3
2.81
13
2

O
2.96
12
2
2.75
10
3
2.98
10
1

D
3.61
1
1
2.97
4
3
3.23
4
2

Mo
3.19
6
1
2.87
7
3
3.06
8
2

Industry
122

116

141

•

Plan is the first priority in the cluster 3, while it is the
eleventh priority in the cluster 1.

•

These different priorities suggest that different
industries do not use different dimensions of
manufacturing flexibility similarly.

This has been supported by [5, 6, 17]. As the results show,
food and beverage industry is the most frequent industry in
cluster 1; metal, chemical and textile industries are the most
frequent industries in cluster 2; electrical and electronics,
cellulose and non-metallic minerals are the most frequent
industries in cluster 3. This indicates the difference of these
industries in using dimensions of manufacturing flexibility.
Managers of industrial organizations can identify dimensions
of flexibility which are effective on their industrial organization
by considering their relevant industry and determining their
flexibility cluster. Moreover, managers of manufacturing
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companies should selectively implement dimensions of
manufacturing flexibility identified in the present study,
because academic and industrial experts identified considerable
differences in prioritization of these dimensions.
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