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A B S T R A C T

The objective of this research is to show an innovative way for processing the collected data and measurement of
practice and performances of supply chain by means of transformation of the obtained linguistic values, using
the appropriate fuzzy methods, into crisp values of research variable dimensions.

The methodology was applied for the measurement of the influence of an independent supply chain practice
variable on the dependent supply chain performance variable and the research included the food industry
companies. In order to apply the multivariate analysis methods, it is necessary to have the dimensions of the
variable, but not the claims. Fuzzy logic enables the weighting of each claim and determining its weight, and
determining the research variable dimension value in order to be able to use the multivariate analysis methods.
The use of this methodology enables realistic evaluation of the dimensions and the results obtained show a
statistically significant influence proving to be suitable for further testing using various statistical methods. The
hypotheses about the relationships between supply chain practices and supply chain performances are con-
firmed.

1. Introduction

It is very difficult to measure many phenomena in the economy,
especially in respect of the qualitative research. Supply chain man-
agement, as a new field of research for economists, provides a lot of
examples where it is almost impossible to reach the precise evaluation
of variables affecting the decision making. If we observe the measure-
ment of supply chain practices and performances, the question is raised
regarding which dimensions need to be observed and how they will be
measured. The researcher, in this respect, may decide for the dimen-
sions he/she singled out as crucial through inductive reasoning, after
which by using a deductive approach, the most important indicators for
measurement can be identified. The next obstacle is the fact that the
measurement scales usually used for measurement of these indicators
are not sufficiently precise. The Likert Scale is commonly used, but it
does not provide the possibility of making precise conclusions.

In order to solve the problem of imprecision of human thinking or
data, Zadeh [1] introduced the theory of fuzzy sets which is oriented on
rational uncertainty due to imprecision and ambiguity. Fuzzy logic uses
approximate instead of precise reasoning. Its importance can be found
in the fact that human thinking is by nature approximate [2]. People
often compare data according to their own reasoning, so it is difficult to
generalize them. Fuzzy logic provides great contribution to research of

unclear data and, because many actual situations cannot be clearly
defined, it is close to human perception. Fuzzy logic allows the in-
troduction of the mean value defined between the traditional attitudes
like yes/no, true/false, black/white, etc. [3]. If we say that in the
classical logic, which can be used only with the information which is
completely true or false, everything is black or white, then for fuzzy
logic we can say that everything is in the shades of grey.

In order to present fuzzy logic concept implementation in supply
chain management, the paper will show the relation between supply
chain practices and performances. For the measurement of supply chain
practices in this research, we used the following dimensions: partner
relationships with suppliers, customer relationships, internal integra-
tions, and information quality and sharing. On the other side, for the
measurement of supply chain performances we used the following di-
mensions: flexibility, agility, quality, innovation, and sustainability.
The research was conducted on the sample of 135 food industry com-
panies in Bosnia and Herzegovina (BiH). For each dimension, we de-
termined the indicators and the surveyed companies expressed their
attitudes by the Likert Scale, i.e. using a questionnaire with linguistic
values. The specificity of the research is the use of the innovative
methodology for data processing based on fuzzy logic. Namely, in order
to use the methods of multivariate analysis for the analysis of the effects
of the independent variable on the dependent one, it is necessary to
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have the values of specific dimensions, and not of the indicators, i.e.
claims to which the participants responded. For calculation of the di-
mension values, it is necessary to determine the importance of each
claim within the specific dimension. For objective weighting of each
claim, we used the methods of fuzzy entropy and fuzzy CRITIC. In order
to keep the uniformity in the analysis of the results, we used the Fuzzy
Technique for Order Preference by Similarity to Ideal Solution
(FTOPSIS) method which is developed for solving the problems in de-
viation from the ideal positive and negative solution in the fuzzy en-
vironment. In this way, using the fuzzy approach, we made the reduc-
tion which enabled subsequent use of the multivariate analysis based on
the value of dimensions, but not of the claims. The claims in this in-
stance serve for obtaining the real value of individual dimensions of the
research variables.

Hence the goal of this paper is to enable, using the hybrid method
based on fuzzy logic and the FTOPSIS method, the verification of the
following two research hypotheses:
H ((1)). The companies in the food industry with better supply chain
practices have better supply chain performances.

H ((2)). The companies in the food industry have a statistically
significant rank correlation between the dimensions of supply chain
practices and performances.

For testing the hypotheses, we used the Multiple Regression
Analysis (MRA) and Spearman's correlation coefficient.

2. Literature review

In this section, we will describe the results of some of the most
significant research related to the measurement of supply chain prac-
tices and performance, i.e. application of fuzzy logic on the supply
chain.

2.1. Supply chain practice

Supply chain includes all operations connecting the suppliers on the
one side and the customers on the other side [4]. Li et al. [5] define
supply chain practice as the set of activities undertaken in the organi-
zation for the promotion of efficient management. Previous studies
observed supply chain practice with various dimensions. Ince et al. [6]
used the following dimensions for the measurement of supply chain
practice: strategic relationships with suppliers, partner relationships
with customers and level of quality and information sharing. Besides
the supply chain, they also used the Enterprise Resource Planning (ERP)
in their model, and through the mutual relationship with the supply
chain practice they studied their effect on the competitive advantages
and performance of the company. Toyin [7] used the following supply
chain practices dimensions: strategic relationships with suppliers, cus-
tomer relationship, level of information sharing, level of quality of in-
formation sharing, and postponement, by which its effects on supply
chain performance were measured within the companies in the pro-
cessing industry. Sukati et al. [8] used the following dimensions: stra-
tegic relationships with suppliers, customer relationship, and informa-
tion sharing, which they used for measuring the effects of supply chain
practices on the responsible application of the supply chain and on the
competitive advantages. Jabbour et al. [9] used the following dimen-
sions: supply chain integration, information sharing, customer services
management, customer relationship, supplier relationship, and post-
ponement, which they used for studying the effects of supply chain
practices on competitive advantages of the companies in the energy
sector. Miguel and Brito [10] used the following dimensions: informa-
tion sharing, long-term relationships, collaboration, and process in-
tegration, which they used for observing the effects on operating per-
formances and competitive advantages by means of two models.

Flynn et al. [11], for measuring the effects of supply chain practices
on the operational and business performances, used the following

dimensions of supply chain practices: internal integration, customer
integration, and supplier integration. Zhou et al. [12] observed supply
chain practices and information quality as the instruments for strategic
directing the supply chain. They observed supply chain practices by
means of procurement and supply practices, while separately from
supply chain practices they observed information quality. However,
Mzoughi et al. [13] and Li et al. [5,14] included information quality in
supply chain practice. Besides information quality, Mzoughi et al. [13]
for measuring the effects of supply chain practices on the competitive
advantages of the company used the following dimensions of supply
chain practices: strategic supplier's partnership, customer relationships,
quality of information sharing, and level of information quality. Li et al.
[5], to examine the effects on the business performance and competitive
advantages of the company, used the following supply chain practices
dimensions: strategic supplier partnership, customer relationships, level
of information sharing, quality of information, and postponement. Be-
sides these dimensions in their study from 2005, they also used the
dimension of the internal lean practice [14]. Bayraktar et al. [15] used
the following supply chain practices dimensions: strategic collaboration
and lean practice, supplier selection practice, and procurement prac-
tices. Barman et al. [16] used the following dimensions: strategic re-
lationships with suppliers, customer relationships, level of information
sharing, level of information quality, postponement, and internal lean
practices.

As it can be seen from the mentioned articles, various dimensions of
supply chain practices have been used, including strategic relationships
by means of establishing cooperation with suppliers and customers as
well as operational relationships such as internal practices and post-
ponement. In establishing the strategic relationship with the most im-
portant suppliers and customers, the level and quality of information
sharing are crucial. Therefore, in this paper, the following dimensions
for supply chain practices have been used: strategic relationships with
suppliers, relationships with customer, internal integrations, and the
level and quality of information sharing.

2.2. Supply chain performance

In practice, there are different views of supply chain performance
measurement. It is difficult to determine which activity improves
supply chain performances. In the past, supply chain performances
connected everything to costs [17], so the improvement of perfor-
mances was in fact a decrease in costs within the supply chain. In the
past, the most important thing for the companies within the supply
chain was to eliminate all unnecessary costs in order to improve the
performances. However, costs are not the only measure for improve-
ment of supply chain performances and performances of a company in
general. In the supply chain, it is necessary to improve business co-
operation, fluctuation of materials and raw materials in the company,
and production and delivery of the final products. Therefore, supply
chain performances need to include a wider range of actions.

Beamon [18] suggested the framework for combining costs and
other criteria, such as customer services and environmental liability and
provided the guidelines for the measurement of supply chain perfor-
mances. Lai et al. [17] pointed to the following dimensions which need
to be taken into account in order to measure supply chain perfor-
mances: time and speed, agility and flexibility, and quality and pro-
ductivity. Christopher [19] explained supply chain performances by
means of: responsibility, reliability, flexibility, and partner relation-
ships. Luetić [20] measured the effect of business intelligence on the
supply chain, by using the following dimensions: agility, adaptability,
compatibility, proactive behavior, and performances related to return
on investment, sales volume, efficiency and shortening of time. Toyin
[7] used the following dimensions: flexibility, integrations, reacting to
customer needs, suppliers’ performances, and quality and partner re-
lationships. Cho et al. [21] used the following dimensions to measure
the performance of the services supply chain: reactions, flexibility, and
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reliability, while Sukati et al. [8] used integration, flexibility and re-
acting to the customer needs. Miguel and Brito [10] used the following
dimensions for testing the effects of the supply chain on operating
performances of a company: costs, flexibility, quality, and deliveries.
Ganga and Carpinetti [22] measured supply chain performances by
means of fuzzy logic and used the following dimensions: reliability,
flexibility, reactions, costs, and assets. Kozarević and Puška [4] mea-
sured the relationship between the use of supply chain with partner
relationships and competitiveness, and while doing so they used the
following dimensions for the measurement of supply chain perfor-
mances: agility, flexibility, efficiency, stability, and responsibility. Cai
et al. [23] used resources, output, flexibility, innovations, and in-
formation as the dimensions, while Theeranuphattana and Tang [24]
developed a conceptual model for the measurement of supply chain
performances by using reactions, reliability, flexibility, and costs of
assets management as the dimensions. Based on these and some other
studies, it can be concluded that there are different approaches and
dimensions used for the measurement of supply chain performances
and this research will use the following dimensions: flexibility, agility,
quality, innovation, and sustainability.

2.3. Use of fuzzy logic in supply chain

The examples of use of fuzzy logic in the supply chain management
are: selection of supplier [25–28], risks within the supply chain
[29–31], reduction of supply chain costs [32,33] and various other
areas. In the remaining part of this section, we will focus on the review
of the use of the FTOPSIS method in the supply chain.

Orji and Wei [27], by using hybrid FTOPSIS and fuzzy entropy,
made the selection of a sustainable supplier. They have applied expert
opinion and simulation. The simulation results showed that the increase
in the rate of investments in sustainability by the supplier contributed
to the increase in overall sustainability. Zouggari and Benyoucef [34],
by combining the fuzzy Analytic Hierarchy Process (fuzzy AHP) method
and simulation with FTOPSIS, made the selection of a supplier in group
decision making. Using FTOPSIS, Chen et al. [35] made the selection of
a supplier by using this method in group decision making.

Chatterjee and Kar [36] used the interval fuzzy logic and the
FTOPSIS method and in that way ranked suppliers in conditions of
uncertainty, while taking the risks faced by companies in the selection
of suppliers as the criteria. Lee et al. [37] observed the problem of
supplier selection with a decision maker having subjective and fuzzy
preferences. They based the supplier selection on the selection of an
agile supplier by using the Bullwhip Effect and costs of supplies. In their
model, they combined the fuzzy AHP method with the FTOPSIS method.

Sheu [38] presented a hybrid neuro-fuzzy methodology for the
identification of the appropriate work mode in the global management
of the supply chain. The proposed methodology framework in the paper
included three main development stages: establishing the strategic
hierarchy for global logistics, formulating rules for identification of the
global logistics model, and selecting the global logistics model. He
combined the methods of fuzzy AHP and FTOPSIS for selection among
six types of the global logistics and work modes. Rostamzadeh et al.
[39] studied and compared the existing models of supply, production,
and distribution in the supply chain and proposed the management
model by using a genetic algorithm. In the process, they had to quantify
the flow of goods and materials within the supply chain. For the de-
velopment of this model, they used the methods of fuzzy AHP and
FTOPSIS. Using simulation, they determined the most effective strategic
and operating policies for an efficient supply chain system.

Mangla et al. [30] explored the risks within the supply chain by
using the combination of the fuzzy AHP method and FTOPSIS method.
Within the green supply chain, they explored the risks in the manage-
ment of supply chain efficiency. Kabra and Ramesh [40] studied the
obstacles to coordination in the management of a humanitarian supply

chain and proposed solutions for overcoming those obstacles. In their
paper, they investigated 23 obstacles to coordination grouped into five
categories. In the process, they used the fuzzy AHP and FTOPSIS
methods.

Bottani and Rizzi [41] used the FTOPSIS method to select the best
provider of logistics services. In the process, they used the combination
of the fuzzy AHP and FTOPSIS methods. Kahraman et al. [42] devel-
oped a decision-making model for evaluation and selection of the lo-
gistics information technology. In their hierarchical model, they had
four main and 11 auxiliary criteria and they used the hierarchical
FTOPSIS for evaluation and selection of the logistics information
technology.

The use of the FTOPSIS method in the supply chain was most
commonly applied in the papers on the selection of suppliers and var-
ious other service providers in the supply chain. The reason might be
found in the fact that the FTOPSIS method uses multiple-criteria ana-
lysis and its goal is to rank the alternatives according to the specific
criteria.

3. Theoretical grounds of fuzzy logic and the FTOPSIS method

3.1. Fuzzy logic

The theory of fuzzy sets provides a wider framework than the classical
logic and it is directed to the development of abilities reflecting the human
thinking in the real world [43]. Fuzzy sets and fuzzy logic are strong
mathematical tools for modeling fuzzy systems in the economy, nature, and
understanding of human thinking. Their role is significant when applied on
the complex problems which cannot be easily described with the traditional
mathematical models, especially when the goal is to find a compromise
solution [44]. The theory of fuzzy sets is used for modeling imprecise in-
formation resulting from human thinking [45]. Since the complete in-
formation is not available, in order to make a decision, apart from the
objective probabilities for the occurrence of an event, human subjectivity
and fuzzy logic have to be taken into account.

The beginnings of the use of the fuzzy logic date back to 1965. In the
paper Fuzzy sets, published in the journal Information and Control,
professor Zadeh from Berkeley University has set the foundations of
fuzzy logic, emphasizing that if we want to overcome very complex
problems we do not have to move towards strictness, higher precision
in descriptions and thinking about the occurrences, but we can move in
the opposite direction and allow to be imprecise in spirit of natural
language [1]. Fuzzy logic allows nuances for the grade of membership
of the elements to a specific set, i.e. each element is associated with a
real number as the dimension of the grade of membership of that ele-
ment to a set [46].

Let us say that the set X is a universal set, and fuzzy set ∼A is a subset
of the set X. Fuzzy set ∼A from the set X is defined with the membership
function ∼μ x( )A which connects each element x in the set X of real
numbers from the interval [0,1]. The membership function ∼μ x( )A is
called grade of membership of the elements x to fuzzy set ∼A [1].

Two fuzzy sets ∼A and ∼B are equal if [2]:

∀ ∈ = ∼∼x X μ x μ x, ( ) ( )i A B (1)

For fuzzy set ∼A we say that it is a subset of fuzzy set ∼B if and only if
the following is valid [47]:

∀ ∈ ≤ ∼∼x X μ x μ x, ( ) ( )i A B (2)

Fuzzy set ∼A is normal in the universal set X if:

∃ ∈ =∼x X μ x, ( ) 1i A i (3)

Fuzzy set ∼A of the subset X is convex if and only if for all x1, x2 in the
universal set X [48]:

+ − ≥ ∈∼ ∼ ∼μ λx λ x Min μ x μ x where λ( (1 ) ) ( ( ), ( )), [0, 1]A A A1 2 1 2 (4)
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The highest value of fuzzy number in the fuzzy set ∼A subset of set X
when it is normalized assumes the value one.

For triangular fuzzy number n͠ (a, b, c) the membership function is
defined as:

=

⎧

⎨

⎪⎪

⎩
⎪
⎪

<

≤ ≤

≤ ≤

>

−
−
−
−

μ x

x a

a x b

b x c

x c

( )

0,

,

,

0,

A

x a
b a
c x
c b

( )
( )
( )
( )

(5)

Based on this, it is concluded that each fuzzy set ∼A is completely and
uniquely defined by its membership function. According to the fuzzy
theory, selection of the membership function, i.e. the function shape
and confidence interval width, is most frequently done on the basis of
subjective assessment or an experience [3].

In the situations which are too complex or not properly defined to
evaluate them with quantitative expressions, linguistic values are used.
The linguistic values are values expressed in linguistic terms [49]. As
statistical analysis cannot be applied on linguistic values, they need to
be transformed to appropriate fuzzy numbers by using the membership
function. The application of fuzzy logic enables the application of the
statistical analysis. In this research, we will use linguistic values for
determining the agreement with certain claims during the measurement
of the research dimensions in the interval from strongly disagree to
strongly agree, where we will use the scale with 5 membership grades.

The links between linguistic values and membership functions de-
fined by fuzzy numbers in the range from one to nine are shown in
Fig. 1.

The links between membership functions and the corresponding
fuzzy numbers is shown in Table 1, which represents a transformation
of linguistic values to the corresponding fuzzy numbers using the
membership function.

Based on this transformation, the membership functions of the fuzzy
numbers are formed. Let us take, for example, the claim DA. The
membership function for this claim is as follows:

=

⎧

⎨

⎪
⎪
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x
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( 2)
(3 2)

(4 )
(4 3)

(6)

For the claim SD, the membership function is as follows:

=
⎧

⎨
⎪

⎩⎪

<

≤ ≤

=

−
−μ x

x

x

x

( )

0, 8

, 8 9

1, 9

x
Stronglydisagree

( 8)
(9 8)

(7)

The membership functions for other linguistic values are formed in a
similar manner.

If =∼m m m m( , , )1 2 3 and =n n n n( , , )͠ 1 2 3 are two triangular fuzzy
numbers of the fuzzy set ∼A of the subset X. The distance between these
two fuzzy numbers is defined as [48]:

= − + − + −∼d m n m n m n m n( , ) 1
3

[( ) ( ) ( ) ]͠ 1 1
2

2 2
2

3 3
2

(8)

Weighted mean represents the integration of the triangular fuzzy
number =∼m m m m( , , )1 2 3 and it is defined as [50]:

= + +∼P m m m m( ) 1
6

( 4 )1 2 3 (9)

With the application of the weighted mean, triangular fuzzy number
can be transformed to a crisp value, i.e. it is defuzzified.

3.2. Fuzzy TOPSIS method

The transformation of the multi-criteria analysis method TOPSIS
(Technique for Order Performance by Similarity to Ideal Solution) to
FTOPSIS was done with the application of fuzzy logic. Chen and Hwang
[51] were the first ones to make this transformation so that the values
of alternatives and criteria weight could be expressed by means of
linguistic values. The first step of the FTOPSIS method is forming the
initial decision matrix and determining the values of alternatives and
criteria weight.

The elements of the decision matrix are X= = =x i m j n{ , 1, 2, ..., ; 1, 2, ..., }ij ,
where each individual element xij is formed using linguistic values

=x a b c( , , )ij ij ij ij . The criteria weights are determined for each criteria W
(w1, w2, ..., wj) on the basis of fuzzy numbers, so =w w w w( , , )j j j j1 2 3 . Based
on this, the initial decision matrix is formed, which is represented by the
following expression:

⋯
⋯

= ⋮

⎡

⎣

⎢
⎢
⎢

⋯
⋯

⋮ ⋮ ⋱ ⋮
⋯

⎤

⎦

⎥
⎥
⎥

C C C
w w w

D

A
A

A

x x x
x x x

x x x

n

n

m

n
n

m m mn

1 2

1 2

1

2

11 12 1
21 22 2

1 2 (10)

In order for all matrix elements to have the same dimensions, it is
necessary to normalize it, and different procedures can be used for that
[48,52–54]. In linear normalization of type 1, i.e. simple linear nor-
malization, the following relations for maximization are formed:

⎜ ⎟= ⎛

⎝

⎞

⎠
+ + +r

a
c

b
c

c
c

, ,ij
ij

j

ij

j

ij

j (11)

and relations for minimization:

⎜ ⎟= ⎛

⎝

⎞

⎠

+ + +

r
a
c

a
b

a
a

, , ,ij
j

ij

j

ij

j

ij (12)

where +cj is the maximum value of the fuzzy number, and +aj minimum
value of the fuzzy number. During normalization, it is necessary to take
care that the relation between the fuzzy numbers remains aij≤ bij≤ cij.
The elements of the normalized decision matrix are multiplied by cor-
responding weights and the weighted decision matrix is formed, with
the following elements =r l m u( , , )ij ij ij ij .

After that, n-dimensional Euclidean distances for all the alternatives
of the ideal positive solution are calculated:

⎜ ⎟= = ⎛
⎝

⎞
⎠

+ + + + +A v v v where v v( , , ..., ), maxn j
i

ij1 2
(13)

and of ideal negative solution

987654321

1

0

Fig. 1. Membership of linguistic values to membership functions.

Table 1
Transformation of the linguistic values to fuzzy numbers.

Linguistic variable Fuzzy number

Strongly disagree (SD) (1, 1, 2)
Disagree (DA) (2, 3, 4)
Neither agree or disagree (AD) (4, 5, 6)
Agree (AG) (6, 7, 8)
Strongly agree (SA) (8, 9, 9)
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⎜ ⎟= = ⎛
⎝

⎞
⎠

− − − − −A v v v v v( , , ..., ), where minn j
i

ij1 2
(14)

Distance of each alternative from +A and −A can be calculated as
[35]

∑= =+

=

+d d v v i m( , ), 1, 2, ...,͠ ͠i
j

n

v ij j
1 (15)

∑= =−

=

−d d v v i m( , ), 1, 2, ...,͠ ͠i
j

n

v ij j
1 (16)

where −d v v( , )͠ ͠v ij j is measure of distance between two fuzzy numbers
[48]

= − + − + −d x y x y x y x y( , ) 1
3

[( ) ( ) ( ) ]͠ ͠v 1 1
2

2 2
2

3 3
2

(17)

In the end, relative distance is determined for each alternative on
the basis of the expression

=
+

=
−

+ −Q
d

d d
i m, 1, 2,...,i

i

i i (18)

where Qi represents the result of the FTOPSIS method and it is in the
range 0≤Qi≤ 1. The closer the alternative Ai is to the ideal solution,
the closer the value of Qi to one.

4. Methodology

The specificity of the research is the use of an innovative metho-
dology for data processing shown in Fig. 2. A questionnaire was used
for the measurement of the research variables, in which the research
variables consisted of the dimensions which included a specific number
of claims represented by linguistic values. The companies expressed
their attitudes towards the claims in form of linguistic values which had
to be transformed into crisp values. The reliability of the measurement
scale was tested by using Cronbach's alpha coefficient. In order to cal-
culate the value of dimensions using the FTOPSIS method, it is neces-
sary to determine the importance of each claim within a specific

dimension. For objective evaluation of the weight of each claim we can
use the fuzzy entropy and fuzzy CRITIC methods. With the Multivariate
Analysis of Variance (MANOVA) the results obtained by both methods
were compared and the conclusion was reached that there is no sta-
tistically significant difference in the obtained weights. For this reason,
this paper will present only the results reached by using the fuzzy en-
tropy, while the procedure of fuzzy CRITIC can be seen in Agarski [55].
For testing the research hypotheses, statistical analysis methods were
used, i.e. MRA and Spearman's correlation coefficient.

The detailed procedure for the transformation of linguistic values
into crisp values is shown in Fig. 3.

The membership function and transformation of linguistics values
into triangular fuzzy numbers were used for transformation of linguistic
values to fuzzy numbers. A special focus in the methodology was paid
to:

• Transformation of the obtained linguistic values into fuzzy numbers
and calculation of the dimension values using the appropriate fuzzy
methods, with the importance of each particular claim determined
within the individual dimensions of the variables by using objective
methods for weighting (fuzzy entropy).

• Ranking of companies inside the individual dimensions within the
research variables and determining their relations.

• Examination of the dependence of research variables by using
multivariate analysis.

• Calculation of Spearman's correlation coefficients on the rankings
obtained by the FTOPSIS method.

5. Results and discussion

5.1. Descriptive analysis

Tables 2 and 3 show the results of the descriptive analysis for the
variables supply chain practice and performances, as well as the
Cronbach's alpha values which confirm the reliability of the measure-
ment scales.

Designing the 
questionnaire

Distributing the 
questionnaire Data collection

Data processing

Transformation of 
linguistic values into 

fuzzy numbers

Calculation of claim 
weight within the 

individual dimensions 

Calculation of the value 
of individual 

dimensions by the 
FTOPSIS method

Application of multivariate analysis 
on the results of the FTOPSIS 

method 

Application of Spearman’s 
correlation coefficient on the 

rankings obtained by the FTOPSIS 
method 

Testing the research 
hypothesis 

Fig. 2. Research methodology.
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5.2. Fuzzy TOPSIS

This section of the paper uses the example of the dimension PRS,
and explains how the transformation of linguistic values into crisp va-
lues was done by using fuzzy logic. For this purpose, with the use of
abbreviations from Table 1 due to space limitations, Table 4 shows the
abbreviated initial matrix with linguistic values for the first five com-
panies only, for which the remaining procedure will also be explained.

Linguistic values, described in Table 1 by using the membership
function, were transformed into appropriate fuzzy numbers, and this is
shown in Table 5.

By using expression 9, we defuzzified fuzzy numbers to crisp values
shown in Table 6 [56,57].

In order to use the FTOPSIS method and to calculate the dimension
values, it is necessary to determine the importance of each claim within
the specific dimension, by using the fuzzy entropy method. For that
purpose, the defuzzified matrix from Table 6 needs to be normalized by
having each of its elements divided by the highest value for each claim
(8.833). The resulting values are shown in Table 7.

The value of entropy ej for each claim is determined with the use of
the normalized decision matrix. The value of entropy is calculated on
the basis of the expression

∑= − =
=

e k r r j mln , 1, 2, ..., .j
i

n

ij ij
1 (19)

where rij represents the elements of the normalized decision matrix
from Table 7, and k represents the constant.

The introduction of the constant k, which is calculated on the basis
of the formula =k n1/ln , provides for the values of entropy (ej) to be in
the range from zero to one [55]. Also, we are reminding that in the
previous tables we showed the data for the five companies only, i.e. that
n=135.

After the value of entropy is calculated, the level of divergence (dj)
for each claim is calculated in relation to the average quantity of in-
formation included in each of the criteria [58]. This is calculated with
the expression:

= − =d e j m1 , 1, 2, ..., .j j (20)

The higher the value of divergence of the initial criteria values for
the criterion j, the higher the value of the level of divergence (dj), so it is
concluded that the importance of the criterion (Cj) for the problem of
decision making is higher. If all the levels of divergence values are si-
milar for a specific criterion, then that criterion is less important for the
problem of decision making [59]. The deviation of certain values of

1. Processing the collected data

2. Establishing data matrix 

3. Transformation of fuzzy numbers into 
crisp values

4a. Implementation of the fuzzy entropy 
method 

4b. Implementation of the fuzzy CRITIC
method

5a. Calculations of entropy values

6a. Calculation of divergence level 

7a. Recalculating of criteria weight

5b. Calculation of correlation and 
standard deviation for criteria 

6b. Calculation of conflict measure and 
multiplying by standard deviation

7b. Recalculating of criteria weight

4. Normalization 

8. Implementation of the FTOPSIS 
method 

Fig. 3. The procedure of transformation of linguistics values into crisp values.
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fuzzy numbers from the specific criteria, i.e. claims, is calculated by
using the level of divergence.

We calculate the final weight of each claim within the dimension wj

using the expression

=
∑ =

w
d

dj
j

j
m

j1 (21)

For the dimension PRS, the weight calculation by using the entropy
method is briefly described in Table 8.

With the implementation of the previous procedure to all dimen-
sions, we obtained the results presented in Table 9 which shows the
weights for all claims. The claims with the higher diversity of the
company positions also have the higher weight.

Now, the previously described procedure of the FTOPSIS method
can be applied on the initial decision matrix, partially shown in Table 5
for the dimension PRS with the determined weights for individual
claims for dimensions from Table 9. After the normalization of the
matrix from Table 5 in accordance to expression 11, we get the matrix
shown in Table 10, and after multiplying its elements with corre-
sponding weights, a new weighted decision matrix is formed, shown in
Table 11.

We finalize the procedure of transformation of linguistic into crisp
values using the FTOPSIS by the calculation of Euclidian distance and
relative proximity of the alternatives to the ideal solutions using ex-
pressions 15–18, as shown in Table 12.

5.3. Testing of the hypotheses

In order to test the influence of the independent variable of the
supply chain practice on the dependent variable of the supply chain
performance by using MRA, it is necessary to verify if the linearity
condition is met by means of the correlation analysis. The results ob-
tained using the Pearson's correlation analysis (Table 13) show that
three relations do not have a significant level of correlation, as follows:
PRS with FLE (r=0.081) and AGI (r=0.048) and IQS with SUS
(r=0.142). For all the other remaining relations, there is a statistically
significant correlation. The correlation result is lower than 0.7, and this
meets the condition of linearity in the implementation of MRA.

The results of the aggregate MRA model (Table 14) show that there
is a statistically very significant influence of the supply chain practices
variable on the performance of the supply chain (p=0.0056,
F=3.8350). There is a significant correlation between the variables,
which is shown by the multiple correlation analysis (R=0.3249). This
model with the use of the independent supply chain practices variable
explained 10.55% of the supply chain performance variable
(R2=0.1055). The value of standard error in this model is low. Based
on this, it can be concluded that the model is representative and valid
and we can accept the first hypothesis of the research that the com-
panies with better supply chain practice achieved better performances
within the supply chain.

The results of the partial influence of individual dimensions of the
supply chain practices variable on the performances of the supply chain
show that none of the dimensions used shows statistically significant
influence on the supply chain performance variable. The dimension
RWC has the highest influence (p=0.0757, T=1.7906), while the
dimension Partner relationships with suppliers has the lowest influence
on the supply chain performance variable (p=0.4907, T=−0.6911).
At the same time, this dimension has a negative influence on the di-
rection of the regression function (B=−0.0558), while other dimen-
sions have a positive influence on the direction of the regression
function. The dimension INI (B=0.2096) has the highest influence on
the direction of the regression function. The value of the standard error
for these dimensions is low, so it can be concluded that this model is
representative and valid.

On the basis of the results of the FTOPSIS method, we have rankedTa
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the companies according to dimensions of the research variables and
we have determined the correlation of their rankings as well as the
aggregation for each variable. Since the data is in the form of ranking,
we used the non-parametric correlation test Spearman's correlation
coefficient. The results of this analysis show that there is a statistically
significant correlation of rankings of the supply chain practices and
performances variables (r=0.627, p<0.01), whereby the second re-
search hypothesis is confirmed.

Spearman's correlation coefficients (Table 15) show that there is no
statistically significant correlation between the dimension PRS and the
dimensions FLE (r=0.120, p>0.05) and AGI (r=0.065, p>0.05).
For all other dimensions, the statistically significant correlation exists.
The highest level of correlation is evident with the dimensions INI and
INN (r=0.483, p<0.01), while the lowest correlation is with the di-
mensions PRS and AGI (r=0.065). A positive correlation exists for all
dimensions.

5.4. Discussion

The results obtained from the descriptive analysis of the conducted
research, show that the companies use RWC and INI more than IQS and
PRS. The companies use PRS (X =3.38) the least, while RWC is used
the most (X =4.20). On the basis of these results as well as the in-
dividual results for claims within these dimensions, it can be concluded
that the companies in the food industry in BiH pay more attention to
customers than to suppliers. However, in order to have normal opera-
tions, it is very important to build partner relationships with suppliers
as well, as they supply the companies with production materials, raw
materials, equipment and other things necessary for production. The
results of the descriptive analysis show the lowest dispersion for the
answers received for the dimension INI (S.D.= 0.755), while the
highest dispersion is for the answers for the dimension PRS
(S.D.= 1.076). However, some other studies revealed different rela-
tions for the dimensions of the supply chain variables. Li et al. [5], for
example, obtained the results of the descriptive analysis on a sample of
the American processing companies which show that the companies use
PRS more than IQS, while this dimension is less used in RWC. On an
example of the companies in electrical power industry in Malaysia,
Sundram et al. [60] obtained the results that PRS are used more when
compared to RWC and IQS. Using the example of the companies in the
processing industry, Chavez et al. [61] obtained similar results. If we
compare these results, we can see that certain dimensions of supply
chain practices are used differently depending on the industry to which
the companies belong and depending on the country where those
companies are located.

The results of the descriptive analysis for the dimensions of the
supply chain performance variable show that the companies in the food
industry pay most attention to the improvement of quality of the supply
chain (X =4.17), while the least attention is paid to innovations in the
supply chain (X =3.78). However, the gap between these dimensions
is not large as it was for the supply chain practices variable. All com-
panies equally try to improve the supply chain performances. However,
as there is no single research that so far used all these supply chain
performances, it is not possible to integrally compare the obtained re-
sults with other results, but only individual dimensions of the supply
chain performances. Miguel and Brito [10] used the dimensions of QUA
and FLE, but they did not present the results of the descriptive analysis
which would enable the comparison of their results with the ones from
this research. Cai et al. [23] used INN and FLE, but they did not survey
the companies, but rather used the decision model using the AHP
method, while Ganga and Carpinetti [22] used fuzzy logic. In their
paper, Kozarević and Puška [4] showed, on the example of companies
in the processing industry in Croatia, that those companies achieved
better values for AGI than for FLE in the use of the supply chain. This
research did not confirm their results, because the results obtained here
show that the companies in the food industry in BiH achieved betterTa
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results for FLE compared to AGI.
In order to keep these claims in the further analysis, it was necessary

to determine the reliability of the measurement scale of the collected
data, and the Cronbach's alpha indicator was used for testing the relia-
bility. The analysis of the independent supply chain practice variable
showed the lowest reliability of the measurement scale for the dimen-
sion INI (α=0.692). However, since this value is slightly under the
level set for acceptability (0.008), this dimension remained in the fur-
ther analysis. For all dimensions of the dependent supply chain per-
formance variable, Cronbach Alpha is over the set level, thus confirming
that the measurement scales are reliable.

The results of the aggregate MRA model show that there is a sta-
tistically very significant influence of the supply chain practices vari-
able on the supply chain performances (p=0.0056, F=3.8350), but
also that there is no statistically significant influence of certain di-
mensions of supply chain practices on supply chain performances. The
dimension PRS has a negative influence on the direction of the re-
gression function. The results of the research by Sukati et al. [8] showed
that a positive and significant influence on supply chain performances
exists in all dimensions of supply chain practices, but in their research,
they used other dimensions of the supply chain performances.

The results obtained with the use of Spearman's correlation coeffi-
cient in rankings of the research dimensions showed that for the di-
mension PRS the correlation is least present. Specifically, it was de-
termined that there is no statistically significant correlation between
this dimension and the dimensions of FLE and AGI. For all other di-
mensions, the results showed their statistically significant correlation,
thus confirming the results obtained with the use of MRA.

Managerial implications of the research can be seen on two ways.
First, the result will help to the managers in BiH food processing in-
dustry to improve their supply chain performances and make their

Table 4
Initial data matrix.

Company Claim 1 Claim 2 Claim 3 Claim 4

1 DA AG DA AD
2 AG AG AG AG
3 AD AG AG AG
4 DA DA SA AG
5 AG SA SA SA

Table 5
Initial decision matrix in the form of fuzzy numbers.

Company Claim 1 Claim 2 Claim 3 Claim 4

1 (2, 3, 4) (6, 7, 8) (2, 3, 4) (4, 5, 6)
2 (6, 7, 8) (6, 7, 8) (6, 7, 8) (6, 7, 8)
3 (4, 5, 6) (6, 7, 8) (6, 7, 8) (6, 7, 8)
4 (2, 3, 4) (2, 3, 4) (8, 9, 9) (6, 7, 8)
5 (6, 7, 8) (8, 9, 9) (8, 9, 9) (8, 9, 9)

Table 6
Defuzzified decision matrix.

Company Claim 1 Claim 2 Claim 3 Claim 4

1 3 7 3 5
2 7 7 7 7
3 5 7 7 7
4 3 3 8.833 7
5 7 8.833 8.833 8.833

Table 7
Normalized decision matrix for the entropy method.

Company Claim 1 Claim 2 Claim 3 Claim 4

1 0.3396 0.7925 0.3396 0.5661
2 0.7925 0.7925 0.7925 0.7925
3 0.5661 0.7925 0.7925 0.7925
4 0.3396 0.3396 1.0000 0.7925
5 0.7925 1.0000 0.9997 1.0000

Table 8
Procedure for the calculation of weights using the entropy method.

Formulas Claim 1 Claim 2 Claim 3 Claim 4

∑ = r rlni
n

ij ij1
−32.9191 −26.7482 −29.2541 −33.6704

= − ∑ =e k r rlnj i
n

ij ij1
6.7110 5.4529 5.9638 6.8641

= −d e1j j −5.7110 −4.4529 −4.9638 −5.8641
wj 0.2721 0.2121 0.2365 0.2794

Table 9
Weights of claims for dimensions obtained with the use of the entropy method.

Dimensions Claim 1 Claim 2 Claim 3 Claim 4

Partner relationships with suppliers (PRS) 0.272 0.212 0.236 0.279
Relationship with customer (RWC) 0.222 0.183 0.333 0.262
Internal integrations (INI) 0.359 0.150 0.269 0.222
Level of information quality and sharing (IQS) 0.247 0.286 0.245 0.222
Flexibility (FLE) 0.307 0.261 0.204 0.227
Agility (AGI) 0.345 0.298 0.357 –
Innovativeness (INN) 0.325 0.375 0.300 –
Quality (QUA) 0.320 0.336 0.343 –
Sustainability (SUS) 0.255 0.226 0.290 0.229

Table 10
Normalized initial fuzzy decision matrix for the FTOPSIS method.

Company Claim 1 Claim 2 Claim 3 Claim 4

1 0.250 0.333
0.444

0.750 0.778
0.889

0.250 0.333
0.444

0.500 0.556
0.667

2 0.750 0.778
0.889

0.750 0.778
0.889

0.750 0.778
0.889

0.750 0.778
0.889

3 0.500 0.556
0.667

0.750 0.778
0.889

0.750 0.778
0.889

0.750 0.778
0.889

4 0.250 0.333
0.444

0.250 0.333
0.444

1.000 1.000
1.000

0.750 0.778
0.889

5 0.750 0.778
0.889

1.000 1.000
1.000

1.000 1.000
1.000

1.000 1.000
1.000

Table 11
Weighted normalized initial fuzzy decision matrix for the FTOPSIS method.

Company Claim 1 Claim 2 Claim 3 Claim 4

1 0.07 0.09 0.12 0.16 0.16 0.19 0.06 0.08 0.11 0.14 0.16 0.19
2 0.20 0.21 0.24 0.16 0.16 0.19 0.18 0.18 0.21 0.21 0.22 0.25
3 0.14 0.15 0.18 0.16 0.16 0.19 0.18 0.18 0.21 0.21 0.22 0.25
4 0.07 0.09 0.12 0.05 0.07 0.09 0.24 0.24 0.24 0.21 0.22 0.25
5 0.20 0.21 0.24 0.21 0.21 0.21 0.24 0.24 0.24 0.28 0.28 0.28

Table 12
Values of the FTOPSIS method for the dimension PRS.

Company −di d *i FTOPSIS

1 0.053 0.139 0.046 0.118 0.180 0.043 0.157 0.121 0.4156
2 0.178 0.139 0.154 0.182 0.055 0.043 0.048 0.057 0.7624
3 0.115 0.139 0.154 0.182 0.117 0.043 0.048 0.057 0.6898
4 0.053 0.041 0.201 0.182 0.180 0.140 0.000 0.057 0.5586
5 0.178 0.180 0.201 0.237 0.055 0.000 0.000 0.000 0.9349
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business more competitive. The obtained results indicated which supply
chain practice dimensions do not affect supply chain performance, so
that managers should focus more to these dimensions in order to im-
prove business operations. Second, this new approach to the analysis of
linguistic answers, which can be easily provided from the survey of the
company's buyers and suppliers, can be used as very effective tool for
permanent managerial quality control of supply chain management
efficiency in the company.

6. Conclusion

The presented research offers an innovative method for processing
collected data and measuring the research variables by means of
transformation of linguistic answers, using fuzzy logic and the FTOPSIS
method, to crisp values of the dimensions of the research variables. In
order to make this transformation, a methodology framework was
shaped for the transformation of quality claims expressed with lin-
guistic values to crisp values. With the use of the FTOPSIS method, the
values of variable dimensions were calculated, which were in the range
from zero to one. Higher values of the dimensions point to the di-
mensions which are used more by the company. The methodology was
used for the measurement of influence of the independent supply chain
practices variable on the dependent supply chain performances variable
for the companies in the food industry. The use of this methodology
enabled realistic evaluation of the dimensions and the obtained results
are suitable for further testing by using various statistical and multi-
variate analysis methods. The application of the research model de-
termined that there is a statistically significant influence of the practices

on the performances of the supply chain. The applied methodology is
innovative and it is possible to apply it on various problems where data
collection for dimensions of research variables is done by means of
claims to which participants respond in the form of the linguistic va-
lues.
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