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Abstract
This paper aims to develop a comprehensive hierarchical performance measurement model. The proposed model not only
determines a manufacturing company’s overall performance within its industry but also obtains its strengths and weaknesses
in critical activities. It lets one to combine a company’s performance scores in seventeen critical activities with important
industry-specific objectives to obtain a single overall performance score by using a 4-Point Fuzzy Scale and a modified fuzzy
version of the Technique for Order Preference by Similarity to Ideal Solution approach. The calculated overall performance
scores provide a ranking order amongmanufacturing companieswithin their industry. In addition, it also enables each company
to compare its performance in critical activities with respect to other companies in its industry. Furthermore, the performance
measurement model has the capability to determine what a company should do to improve its performance in critical activities.
This paper provides an example to illustrate the application of the proposed model.

Keywords Performance measurement · Manufacturing companies · Multi-criteria decision making (MCDM) · Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS)

1 Introduction

Manufacturing companies implement innovative managerial
practices, respond to their customers’ needs properly and
timely, invest in advanced manufacturing technologies, and
are involved in performance improvement activities in order
to achieve success in their markets (Kaplan 1983; Banker
et al. 1993; IFAC 1998; Maksoud et al. 2005).

A key enabler for manufacturing companies to have suc-
cess in their markets is to establish proper performance
measurement systems. Moullin (2003) defines performance
measurement as ‘evaluating how well organizations are
managed and the value they deliver for customers and
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other stakeholders.’ Traditional performance measurement
approaches commonly employ financial measures in their
models (Babic and Plazibat 1998; Yurdakul and Ic 2005;
Ertugrul and Karakasoglu 2009; Ic and Yurdakul 2010; Ic
2014). However, Striteska (2012) notes that ‘financial mea-
sures are not enough’ in the business environment today and
there is a ‘growing emphasis laid on using non-financial
criteria.’ Similarly, in Kagioglou et al. (2001), Kennerley
and Neely (2002), Ittner et al. (2003) and Epstein and Man-
zoni (1997), financial measures are considered inadequate
in dynamic business environments, and non-financial mea-
sures are recommended instead for assessment of company
activities.

However, both non-financial and financial measures quan-
tify the results of the companies’ past actions (Neely
2002; Moullin 2003). Accordingly, performance measure-
ment models based on financial and non-financial measures
only are not sufficient in evaluation of performance of man-
ufacturing companies. They are found to be ‘undermining
manufacturing competitiveness (Hayes andAbernathy 1980)
through encouraging short-termism (Banks andWheelwright
1979; Hayes and Garvin 1982), lacking strategic focus
(Skinner 1974), encouraging local optimization (Hall 1983;
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Fry and Cox 1989) and encouraging minimization of vari-
ance rather than continuous improvement (Lynch and Cross
1991)’ (Melnyk et al. 2010).

Melnyk et al. (2010) states that various models such
as ‘the S.M.A.R.T. Pyramid (Lynch and Cross 1991), the
Results/Determinants Matrix (Fitzgerald et al. 1991) and the
Balanced Scorecard (Kaplan and Norton 1992)’ eliminate
the weaknesses of the traditional performance measurement
models. This paper also aims to eliminate the weaknesses
of the traditional performance models in developing its own
performance measurement model.

In this paper, the proposed performance measurement
model presents best practices1 (sources of competitiveness)
through a list of statements (“Appendix 1” provides a sample
of statements). The statements provide a decision structure
and prevent assignment of performance scores randomly
in critical activities. A manufacturing company can deter-
mine the level of similarity between its practices, actions
and infrastructures with the list of statements and assign a
performance score accordingly for each critical activity.

In the paper, Sect. 2 introduces the developed three-level
performance measurement model. Section 3 describes the
proposed model, whereas Sect. 4 provides an illustrative
example. Section 5 includes the final thoughts and conclu-
sions.

2 Determination of the structure
of the performancemeasurement model

The authors’ literature survey on performance measurement
models reveals that a complete performance measurement
model without any weaknesses is not available in the litera-
ture. Still, various studies provide essential characteristics of
a performance measurement model such as:

• Anderson et al. (1995), Flynn et al. (1995), Choi and Liker
(1995), Forza and Flippini (1998), Dow et al. (1999),
Samson and Terziovski (1999), Das et al. (2000), Cua
et al. (2001), Matsui (2002), Kaynak (2003), Yeung et al.
(2005), Parast et al. (2006), Ahmad and Zabri (2016),
Toklu and Taşkın (2017), and Rawat et al. (2018) iden-
tify various practices that positively improve performance
of a manufacturing company. The practices include lead-
ership commitment, human motivation and development,
new product design, process management, quality infor-
mation and customers and supplier relations.

1 Teece et al. 1997; Teece (2007), (2009); Eisenhardt and Martin 2000;
Bromiley and Rau 2016; Phan et al. (2011); Hayes and Wheelwright
1984; Schroeder and Flynn 2001; Phan 2011; Prybutok et al. 2011;
Ezzabadi et al. 2015; De Fellice and Patrillo 2015; Chiarini andVagnoni
2015; Petrillo et al. 2018.

• Braz et al. (2011) states that a performance measurement
system should provide data not only for predicting future
performance but also for benchmarking and reinforcing
organizational strategies. In another study, Al-Tit (2017)
suggests that a performance measurement model should
provide data for organizational culture also. The findings
ofAl-Tit’s (2017) study indicate that organizational culture
in a company is more influential than the supply chain
management on performance.

• Striteska (2011) emphasizes importance of evaluation of
‘how well companies are managed and the value they
deliver for customers’ in development of a performance
measurement model. On the other hand, Böhm et al.’s
(2017) study demonstrates that an increasing focus on ser-
vices could lead to success for manufacturing companies.

• Taylor and Taylor (2013), Esmaeel et al. (2018) and Sar-
dana et al. (2016) point out the importance of inclusion
of strategic objectives into a performance measurement
model. In addition, Sangwa and Sangwan (2018) pro-
posed an integrated performance measurement framework
to measure the effect of lean implementation throughout
all functions of an organization. In total, they identi-
fied 26 dimensions and 119 key performance indicators
under seven categories (manufacturing process, new prod-
uct development, human resource management, finance,
administration, customer management and supplier man-
agement) in their study.

• Rao et al. (2018) presented a simple profit-linked per-
formance measurement model. The model can evaluate
performance of a company in three measures—profitabil-
ity, productivity and price recovery.

• Yeo and Grant (2017) proposed a decision tree approach
to explore the effects of information and communication
technologies (ICTs) on manufacturing companies’ sales
performance.

The characteristics listed above indicate that a perfor-
mance measurement model must have a multi-level frame-
work in which strategic objectives should guide the perfor-
mance scoring process. In addition, the model must measure
companies’ achievement levels in activities, which are nec-
essary for the companies to be successful in their markets
against their competitors in the long term. Such a model is
developed and provided in Fig. 1.

2.1 The description of the developed performance
measurement model

Thedevelopedperformancemeasurementmodel uses a fuzzy
version of Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) approach to obtain overall perfor-
mance scores of manufacturing companies. TOPSIS is a
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A1. Location selection
A2. Effectiveness of the plant design and part flow in the plant
A3. Effectiveness of the maintenance and repair activities
A4. Technological level of the plant
A5. Quality improvement activities
A6. Problem solving within the company
A7. Production planning and control in the plant
A8. Organizational coordination and control within the company
A9. Cooperation with other companies
A10. Market positioning
A11. Product selection
A12. Brand image and customer profile
A13. Export capacity
A14. Capability to handle customer requests and complaints
A15. Personnel education and training
A16. Human resource planning in the company
A17. Product research and development capacity

OVERALL GOAL: A manufacturing company must grow and be profitable in the long-term

OBJECTIVE 1. Improve the 
products’ technological level 
and increase value added 
portions in products’ prices

OBJECTIVE 4. 
Improve the 
personnel quality

OBJECTIVE 3. Improve the 
customers’ profile and 
increase the percentage of the 
export revenues

OBJECTIVE 2. Improve 
the manufacturing 
capability and 
competitiveness

Critical Activities

… 

Performance scores of manufacturing companies at the critical activities

Modified Fuzzy TOPSIS

Step 6: Obtaining overall performance 
scores of manufacturing companies

Decision Matrix

Companies Critical Activities
A1 ... A17

C1 x11 ... x117
... ... ... ...
Cn xn1 ... xn17

Step 1: Normalized Decision Matrix

Step 2: Weighted Normalized     Decision 
Matrix

Performance scores

Fuzzy Weights 
= (αj, βj, γj, δj)

Step 3: Defuzzification

Step 4: Calculation of ideal solutions

Step 5: Calculation of distance measures

Fuzzy 4-
point scale

Critical 
Activities

Objectives

Objectives

Fuzzy 
Weight

Fuzzy 
Weight

μ(x)

μ(x)

x

x

Overall Goal

Fig. 1 The multi-level performance measurement model
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widely usedMCDM technique because of its simplicity, abil-
ity to yield an indisputable ranking order and programmable
nature (Chen and Hwang 1992; Yurdakul and Ic 2009a, b; Ic
and Yurdakul 2010; Chamodrakas et al. 2011; Eraslan and İç
2011; Ic 2012; Kundu et al. 2014).

Regular applications of TOPSIS approach are limited to
single-level decision hierarchies. Since this study proposes
a multi-level decision hierarchy (Fig. 1), it is necessary to
modify TOPSIS approach to obtain performance scores of
manufacturing companies with respect to the overall goal.
The modified TOPSIS approach calculates the weights of
critical activities with respect to the overall goal by com-
bining the weights of the four objectives with respect to
the overall goal and the weights of the seventeen critical
activities with respect to each objective. The modified TOP-
SIS approach requires formation of a decision matrix and a
weight vector as inputs (see Fig. 1).

For the development of the decision matrix, performance
scores of manufacturing companies at critical activities (x̃i j ;
i=1,2,…,n (number of manufacturing companies); j=1,2,…,
17 (number of critical activities)) are assigned and placed
in matrix form as shown in Eq. (1). In the assignment of
performance scores in the critical activities, a company can
receiveoneof the four fuzzy scores given in the fourth column
of Table 1 corresponding to its level of similarity with the list
of statements.

D̃ �

⎡
⎢⎢⎣
x̃11 x̃12 . . . x̃117
x̃21 x̃22 . . . x̃217
. . . . . . . . . . . .

x̃n1 x̃n2 . . . x̃n17

⎤
⎥⎥⎦. (1)

Theweights of the seventeen critical activitieswith respect
to the overall goal (w̃ j is the fuzzy weight of critical activity
j with respect to the overall goal) form the second input (the
weight vector, w̃) for the modified TOPSIS approach. The
weight vector is calculated using Eqs. (2-5). In the equations,

c̃i j and g̃i are fuzzy weights of critical activity j with respect
to the objective i and of objective i with respect to the overall
goal, respectively.

C̃ �

⎡
⎢⎢⎣
c̃11 c̃12 . . . c̃117
c̃21 c̃22 . . . c̃217
c̃31 c̃33 . . . c̃317
c̃41 c̃42 . . . c̃417

⎤
⎥⎥⎦ (2)

c̃i j � (a; b; c; d) (3)

G̃ �

⎡
⎢⎢⎣
g̃1
g̃2
g̃3
g̃4

⎤
⎥⎥⎦ (4)

g̃i � (k; l;m; n)

W̃ �
[
w̃1

...w̃2
... . . .

...w̃ j
... . . .

...w̃17

]
� C̃ × G̃

�
[

m∑
i�1

c̃i1g̃i
...

m∑
i�1

c̃i2 g̃i
... · · · ...

m∑
i�1

c̃in g̃i

]
(5)

When the decisionmatrix and theweight vector are available,
the decision matrix is normalized and weighted. From the
weighted normalized decision matrix, one can obtain ideal
and negative-ideal solutions, distance measures and finally
overall performance scores of the companies as explained in
‘Appendix 2.’

3 Illustrative example

In the illustrative example, overall performance scores of
eight companies from the machinery and components sec-
tor (cluster) located in Ivedik Organized Industrial Zone,
Ankara, Turkey, are calculated and compared. The selected
eight companies manufacture and sell components, parts,

Table 1 4-Point Fuzzy Scale for
Assignment of Scores

Linguistic
correspondence

Number

Importance score of an
activity with respect to
an objective

Importance score of an
objective with respect
to the overall goal

Performance score of a
manufacturing
company at an activity

Fuzzy Decimal
Equivalent

Weak importance Poor performance (0.0,0.1,0.2,0.3)

Below average
importance

Below average
performance

(0.3,0.4,0.4, 0.5)

Above average
importance

Above average
performance

(0.5,0.6,0.6, 0.7)

Highest importance Best performance (0.7, 0.8, 0.9, 1.0)
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Table 2 The decision matrix

A1 A2 A3 A4

C1 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0 0.5 0.6 0.6 0.7 0.5 0.6 0.6 0.7

C2 0.7 0.8 0.9 1.0 0.3 0.4 0.4 0.5 0.3 0.4 0.4 0.5 0.0 0.1 0.2 0.3

C3 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0

C4 0.3 0.4 0.4 0.5 0.0 0.1 0.2 0.3 0.3 0.4 0.4 0.5 0.3 0.4 0.4 0.5

C5 0.7 0.8 0.9 1.0 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.0 0.1 0.2 0.3

C6 0.7 0.8 0.9 1.0 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.0 0.5 0.6 0.6 0.7

C7 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0

C8 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0

A5 A6 A7 A8

C1 0.7 0.8 0.9 1.0 0.0 0.1 0.2 0.3 0.3 0.4 0.4 0.5 0.3 0.4 0.4 0.5

C2 0.0 0.1 0.2 0.3 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0

C3 0.5 0.6 0.6 0.7 0.5 0.6 0.6 0.7 0.5 0.6 0.6 0.7 0.5 0.6 0.6 0.7

C4 0.7 0.8 0.9 1.0 0.5 0.6 0.6 0.7 0.3 0.4 0.4 0.5 0.0 0.1 0.2 0.3

C5 0.7 0.8 0.9 1.0 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.0 0.3 0.4 0.4 0.5

C6 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.0 0.3 0.4 0.4 0.5 0.0 0.1 0.2 0.3

C7 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.3 0.4 0.4 0.5

C8 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0 0.5 0.6 0.6 0.7 0.5 0.6 0.6 0.7

A9 A10 A11 A12

C1 0.7 0.8 0.9 1.0 0.0 0.1 0.2 0.3 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.3

C2 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0 0.3

C3 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.0 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0 0.7

C4 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.3

C5 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0 0.3 0.4 0.4 0.5 0.3 0.4 0.4 0.5 0.5

C6 0.0 0.1 0.2 0.3 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0 0.3 0.4 0.4 0.5 0.0

C7 0.5 0.6 0.6 0.7 0.0 0.1 0.2 0.3 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0 0.7

C8 0.5 0.6 0.6 0.7 0.0 0.1 0.2 0.3 0.3 0.4 0.4 0.5 0.0 0.1 0.2 0.3 0.0

A13 A1 A15 A16 A17

C1 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.7 0.8 0.9 1.0

C2 0.4 0.4 0.5 0.0 0.1 0.2 0.3 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0

C3 0.8 0.9 1.0 0.0 0.1 0.2 0.3 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.0 0.3 0.4 0.4 0.5

C4 0.4 0.4 0.5 0.0 0.1 0.2 0.3 0.5 0.6 0.6 0.7 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3

C5 0.6 0.6 0.7 0.7 0.8 0.9 1.0 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0

C6 0.1 0.2 0.3 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0

C7 0.8 0.9 1.0 0.0 0.1 0.2 0.3 0.3 0.4 0.4 0.5 0.3 0.4 0.4 0.5 0.0 0.1 0.2 0.3

C8 0.1 0.2 0.3 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0 0.0 0.1 0.2 0.3 0.5 0.6 0.6 0.7

modules and systems fitting the machineries and are denoted
C1-C8 in the paper. The eight companies cooperate with not
only national but also foreign companies as their suppliers.
A general evaluation of the eight companies shows that the
companies’ manufacturing facilities are highly automated
and computerized and they use automated internet-based
communication and ordering and payment systemswith their
customers and suppliers. The computer-aided engineering,
design and manufacturing programs are very common in all
companies. In terms of advanced management practices, the
companies have established programs to improve the quality

of their products and customer service and to reduce time
delays in manufacturing and designing products.

3.1 Application of themodified fuzzy TOPSIS
approach in calculation of the companies’
overall performance scores

The application of the modified fuzzy TOPSIS approach
requires two inputs, namely the decision matrix and fuzzy
weight vector of the critical activitieswith respect to the over-
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Table 3 Fuzzy weights of the critical activities against the four objectives

A1 A2 A3 A4

O1 †0.0 0.1 0.2 0.3 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0

O2 0.0 0.1 0.2 0.3 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0

O3 0.7 0.8 0.9 1.0 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.7 0.8 0.9 1.0

O4 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3

A5 A6 A7 A8

O1 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0

O2 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0

O3 0.5 0.6 0.6 0.7 0.5 0.6 0.6 0.7 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0

O4 0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0 0.0 0.1 0.2 0.3 0.5 0.6 0.6 0.7

A9 A10 A11 A12

O1 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3

O2 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3

O3 0.7 0.8 0.9 1.0 0.5 0.6 0.6 0.7 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0

O4 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3

A13 A14 A15 A16 A17

O1 0.0 0.1 0.2 0.3 0.5 0.6 0.6 0.7 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.7 0.8 0.9 1.0

O2 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.7 0.8 0.9 1.0

O3 0.7 0.8 0.9 1.0 0.0 0.1 0.2 0.3 0.3 0.4 0.4 0.5 0.3 0.4 0.4 0.5 0.3 0.4 0.4 0.5

O4 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.5 0.6 0.6 0.7 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0
†c̃11 � (0.0; 0.1; 0.2; 0.3)

Table 4 Fuzzy weights of the four objectives with respect to the overall
goal

Objective Fuzzy weights of the four objectives with
respect to the overall goal (gi )

O1 0.7† 0.8 0.9 1.0

O2 0.5 0.6 0.6 0.7

O3 0.3 0.4 0.4 0.5

O4 0.0 0.1 0.2 0.3
† g̃1 � (0.7; 0.8; 0.9; 1.0)

all goal. Tables 2, 3, 4 and 5 present the results of calculation
steps described in Sect. 3.

With the application of the modified fuzzy TOPSIS, the
decision matrix is first normalized, weighted and defuzzified
(Table 6). The last two rows of Table 6 (A* and A−) provide
the best and worst values at the seventeen critical activities.
The overall performance scores of companies are obtained
using the differences between their performance scores and
the best and worst values at the seventeen critical activities
(di* and d−

i ) (Table 7). Finally, overall performance scores
and rankings of the eight manufacturing companies are cal-
culated.

Table 5 Weight vector (fuzzy weights of the critical activities with respect to the overall goal)

A1 A2 A3 A4

W̃ 0.21a 0.47 0.7 1.1 0.84 1.17 1.47 1.94 0.84 1.17 1.47 1.94 1.05 1.45 1.75 2.29

A5 A6 A7 A8

W̃ 0.64 1.02 1.35 1.86 0.64 1.02 1.35 1.86 0.99 1.37 1.63 2.14 1.05 1.5 1.83 2.41

A9 A10 A11 A12

W 0.21 0.52 0.78 1.22 0.15 0.46 0.72 1.16 0.15 0.39 0.58 0.95 0.21 0.47 0.7 1.1

A13 A14 A15 A16 A17

W 0.21 0.47 0.7 1.1 0.35 0.59 0.78 1.15 0.09 0.36 0.58 0.97 0.09 0.36 0.58 0.97 0.93 1.36 1.69 2.25
a 0.0×0.7+0.0*0.5+0.7*0.3+0.0*0.0�0.21
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Table 6 Defuzzified weighted and normalized decision matrix

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17

C1 0.731 1.513 1.061 1.274 1.383 0.312 0.812 0.905 0.807 0.182 0.297 0.511 0.352 0.576 0.150 0.150 1.744

C2 0.731 0.723 0.723 0.395 0.312 0.662 1.193 1.892 0.389 0.520 0.430 0.731 0.352 0.188 0.605 0.605 1.744

C3 0.511 1.513 1.061 1.816 0.968 0.968 1.193 1.327 0.389 0.745 0.430 0.731 0.731 0.188 0.292 0.605 0.834

C4 0.352 0.332 0.723 0.868 1.383 0.968 0.812 0.414 0.564 0.745 0.149 0.175 0.352 0.188 0.423 0.150 0.384

C5 0.731 0.723 1.061 0.395 1.383 0.662 1.700 0.905 0.564 0.745 0.297 0.352 0.511 0.822 0.423 0.605 1.744

C6 0.731 0.723 1.513 1.274 0.662 1.383 0.812 0.414 0.194 0.745 0.615 0.352 0.175 0.395 0.423 0.605 1.744

C7 0.352 1.513 1.513 1.816 0.312 0.312 0.369 0.905 0.564 0.182 0.615 0.731 0.731 0.188 0.292 0.292 0.384

C8 0.731 1.513 1.061 1.816 1.383 1.383 1.193 1.327 0.564 0.182 0.297 0.175 0.175 0.576 0.605 0.150 1.222

A* 0.731 1.513 1.513 1.816 1.383 1.383 1.700 1.892 0.807 0.745 0.615 0.731 0.731 0.822 0.605 0.605 1.744

A- 0.352 0.332 0.723 0.395 0.312 0.312 0.369 0.414 0.194 0.182 0.149 0.175 0.175 0.188 0.150 0.150 0.384

Maximum value of the column (see Eqs. 13–14)
Minimum value of the column (see Eqs. 15–16)

Table 7 The overall
performance scores of the eight
manufacturing companies

Company di* d−
i Ci* Rank

C1 2.9326a 4.2581b 0.592c 6

C2 2.9471 4.6188 0.610 3

C3 2.5241 3.8864 0.606 4

C4 5.6647 1.8834 0.250 8

C5 2.4253 4.9715 0.672 1

C6 2.8576 4.5150 0.612 2

C7 5.0528 2.9783 0.371 7

C8 2.4950 3.8401 0.606 5

ad∗
i � √

(0.731−0.731)2+(1.513−1.513)2+(1.061−1.513)2+ · · ·+(1.744−1.744)2� 2.9326 (see Eq. 17)
bd−∗

i � (0.731−0.352)2+(1.513−0.332)2+(1.061−0.723)2+ · · ·+(1.744−0.384)2� 4.2581 (see Eq. 18)
c4.2581/(4.2581 + 2.9326) � 0.592 (see Eq. 19)

C5 C6 C2 C3 C8 Industry
Average C1 C7 C4

Overall performance score 0.6721 0.6124 0.6105 0.6063 0.6062 0.6040 0.5922 0.3708 0.2495
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Modified fuzzy TOPSIS application results

Fig. 2 The illustration of the overall performance scores and rankings of the eight companies

Figure 2 provides the application results. The average
overall performance score is 0.604, and the highest ranked
manufacturing company is C5 with the overall performance
score of 0.6721. On the other hand, the lowest ranked man-

ufacturing company is C4 with a score of 0.2495. With the
results of the proposed model, the companies can compare
their overall performance scores with the industry average,
maximum and minimum scores. An overall performance
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Table 8 Performance scores of the eight companies at the seventeen critical activities

Critical
Activities

Weights Companies Average
Performance Scores

C1 C2 C3 C4 C5 C6 C7 C8

A8 1.6975 0.905 1.892 1.327 0.414* 0.905 0.414 0.905 1.327 1.011

A4 1.6350 1.274 0.395 1.816 0.868 0.395 1.274 1.816 1.816 1.207

A17 1.5575 1.744 1.744 0.834 0.384* 1.744 1.744 0.384 1.222 1.225

A7 1.5325 0.812 1.193 1.193 0.812* 1.700 0.812 0.369 1.193 1.011

A2 1.3550 1.513 0.723 1.513 0.332* 0.723 0.723 1.513 1.513 1.069

A3 1.3550 1.061 0.723 1.061 0.723* 1.061 1.513 1.513 1.061 1.089

A5 1.2175 1.383 0.312 0.968 1.383 1.383 0.662 0.312 1.383 0.973

A6 1.2175 0.312 0.662 0.968 0.968 0.662 1.383 0.312 1.383 0.831

A14 0.7175 0.576 0.188 0.188 0.188* 0.822 0.395 0.188 0.576 0.390

A9 0.6825 0.807 0.389 0.389 0.564 0.564 0.194 0.564 0.564 0.504

A10 0.6225 0.182 0.520 0.745 0.745 0.745 0.745 0.182 0.182 0.506

A1 0.6200 0.731 0.731 0.511 0.352* 0.731 0.731 0.352 0.731 0.609

A12 0.6200 0.511 0.731 0.731 0.175* 0.352 0.352 0.731 0.175 0.470

A13 0.6200 0.352 0.352 0.731 0.352* 0.511 0.175 0.731 0.175 0.422

A11 0.5175 0.297 0.43 0.43 0.149* 0.297 0.615 0.615 0.297 0.391

A15 0.5000 0.150 0.605 0.292 0.423 0.423 0.423 0.292 0.605 0.402

A16 0.5000 0.150 0.605 0.605 0.150* 0.605 0.605 0.292 0.150 0.396

*C4, which is the lowest ranked one among the eight companies, received the worst scores in the critical activities. The company can select a certain
number of them in its performance improvement program starting with A8

score close to the industry minimum should increase the
urgency and importance of performance improvement pro-
grams in the corresponding company (Yurdakul and Ic 2005).

While selecting critical activities for performance
improvement programs, the companies can use their perfor-
mance scores in critical activities (Table 2) along with the
critical activities’ weights with respect to the overall goal
(Table 5) also. Relative importance of a critical activity is
directly proportional to its weight value. Table 8 is prepared
to present the necessary related information for performance
improvement in a simplified form.Thefirst columnofTable 8
lists the critical activities with respect to their weights in
descending order. The critical activitywith the highestweight
value is A8 so that the first row of Table 8 belongs to A8.
On the other hand, the last row of Table 8 contains the least
important critical activity (A16). The last column of the table
contains average performance scores of the listed seventeen
critical activities. In selecting a certain number of critical
activities from Table 8 for performance improvement, the
companies can compare their performance scores with the
average performance score in each activity starting with the
first row and moving below. A performance score lower than
the industry average indicates a candidate activity for perfor-
mance improvement. The total number of selected activities
for performance improvement may change from one com-
pany to another depending on many factors such as allocated
resources.

3.2 Checking the accuracy of the proposed
performancemeasurement model’s ranking
results

The proposed performance measurement model’s ranking
results are compared with the ones obtained with XBANK
credit experts and COSEL model developed in Ic and Yur-
dakul’s (2010) paper to check the accuracy of the proposed
model. The credit experts use private and public informa-
tion of the companies and industries in making their credit
decisions. They may use various models and rules for their
decisions, but personal and institutional expertise gained by
making similar credit decisions and observing their results
over the years is still the most important tool in their credit
decisions. On the other hand, COSEL uses seven financial
ratios, namely current ratio, liquidity ratio, ratio of total lia-
bilities to total assets, total liabilities/total assets, ratio of bank
debt to equity, ratio of operating profits to net sales, ratio of
net earnings to net sales and ratio of net earnings to equity.
In the application of COSEL, the user enters the weights for
the seven ratios. The summation of the multiplications of
the seven financial ratios’ values with their weights provides
overall performance score for a company.

For comparison of the ranking results, the statistical sig-
nificance of the differences between the rankings obtained by
the proposed model and the ones obtained by the bank credit
experts and COSEL developed in Ic and Yurdakul (2010) is
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Table 9 Ranking results of the
three approaches and calculation
of the significance of the
differences

Company Ranking Results Application of
Spearman’s Test

COSEL (Ic and
Yurdakul (2010)) (I)

Expert Opinion
(II)

Proposed
Model (III)

I-III II-III

C1 5 5 6 −1 −1

C2 4 4 3 1 1

C3 1 2 4 −3 −2

C4 7 6 8 −1 −2

C5 3 3 1 2 2

C6 2 1 2 0 −1

C7 6 8 7 − 1 1

C8 8 7 5 3 2

rs= 0.702 0.774

Z= 1.858 2.047

determined using Spearman’s rank-correlation test (Table 9).
Spearman’s rank-correlation test is recommended when ‘the
actual values of paired data are substituted with the ranks
which the values occupy in the respective samples’ (Parkan
andWu (1999)). In the application of Spearman’s test, to test
the null hypothesis (H0: There is no similarity between the
two rankings), a test statistic, Z, is calculated using Eqs. (6-7)
and compared with a pre-determined level of significance α

value. In this study, 1.645, which corresponds to the critical
Z-value at the level of significance of α�0.05, is selected. If
the test statistic computed by Eq. (7) exceeds 1.645, the null
hypothesis is rejected and it is to be concluded that ‘H1: The
two rankings are similar’ is true. In Eqs. (6) and (7), di is
the ranking difference of company i, and nmc is the number
of companies to be compared. rs represents the Spearman’s
rank-correlation coefficient in Eqs. (6) and (7) (Ic and Yur-
dakul 2010).

rs � 1 − 6 × ∑nmc
i�1(di )

2

nmc × (
n2mc − 1

) (6)

Z � rs
√
nmc − 1 (7)

Table 9 presents the test results between the three mod-
els. The last row in Table 9 shows Spearman’s correlation
coefficients (Z-value) for the ranking differences. Both Z-
values, 1.858 and 2.047, are higher than 1.645, which
implies that the differences are statistically insignificant.
Based on the test results, it can be concluded that the rank-
ings obtained by the proposed model are statistically similar
to the rankings obtained using credit expert opinions and
COSEL.

4 Conclusions

The developed performance measurement model not only
provides a ranking of a company within its industry, but also
compares its performancewith its competitors’ performances
in critical activities. It also provides a structure to developper-
formance improvement programs to close the performance
gap between the company and higher-ranked companies.

However, the proposed model in this paper is limited to
determine performance scores in a specific industry. In its
application in another industry type, the user has to search
and gather all necessary information about the new indus-
try and modify the list of statements and objectives of the
decision hierarchy accordingly. As a further study, one may
try to determine a robust decision hierarchy. Such a study
requires development of a common list of critical activities
and objectives. Another further study can use other fuzzy
logic techniques, such as hesitant fuzzy or intuitionistic fuzzy
approaches for modeling the uncertainties in the decision
environment. As the level of uncertainty in the decision envi-
ronment increases, other fuzzy logic techniques may provide
results that are more realistic.
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Appendix 1

Objectives:

O1. Improve the products’ technological level and increase
value added portions in their prices
O2. Improve the manufacturing capability and competi-
tiveness
O3. Improve the customers’ profile and increase the per-
centage of the export revenues
O4. Improve the personnel quality

Critical activities:

Activities The list of statements

A1. Location
selection

(1) The manufacturing company is close
to several research institutes, technical
universities and educational facilities

(2) Various industrial zones and
manufacturing companies exist near the
company

(3) The company can hire skilled labor
and engineers easily

(4) The company is close to multiple
transportation ways. The company can
reach to its customers using multiple
transportation way

(5) The location of the company is close to
its customers. The delivery distance time
to customers is short. Transportation
occurs with low carrying costs

(6) The personnel is happy with the
location of the company. There is no
relocation request from the company
personnel

A2. Effectiveness of
the plant design
and part flow in
the plant

(1) The layout plan is developed using a
proper methodology

(2) The transportation distances of the
parts are low

(3) Keeping track of the parts on the
material handling system is not
considered a problem

(4) There is no pile of materials waiting
between machines, and the parts
completed on the machines are moved
on the planned time

(5) Necessary areas are available for
support activities such as maintenance
and tooling placement

(6) The layout can easily be expanded or
modified when product variety and
production volumes of product types
change

(7) The machines do not stay idle because
of the delays in arrivals of parts, tooling
and equipment

Activities The list of statements

A3. Effectiveness of
the maintenance
and repair
activities

(1) There is a maintenance and repair
department in the plant. Necessary
personnel and financial resources are
allocated to the department to perform
its activities

(2) The maintenance department prepares
maintenance and repair plans of the
resources in the plant

(3) The maintenance and repair activities
are performed according to the
developed maintenance plans

(4) Prevention of the machine and system
failures is considered more important
than other objectives by the plant
management

(5) Modifications and improvements are
performed on the resources to improve
effectiveness and useful lives of them in
addition to the routine maintenance and
repair activities

6) Breakdowns of the resources are rare
and total repaid time is not considered as
significant in the plant

A4. Technological
level of the plant

(1) An economic and technological
evaluation is performed in the purchase
of new resources

(2) A comparison of the requirements of
the customers and products are
compared with the capabilities of new
technologies are compared before their
purchase

(3) New technologies and machineries are
preferred over conventional ones by
plant management and widely used in
the company

(4) Implementation plans are prepared
during the application of the new
technologies to maximize their
contribution to the competitiveness of
the company

(5) The company regularly attends
exhibitions and visits builders and
suppliers of the machine tools and other
equipment

(6) Benchmarking is routinely performed
to observe and selectively adopt new
technologies and practices being used in
different industries’ best performing
plants and competitors
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Activities The list of statements

A5. Quality
improvement
activities

(1) The planning of the quality
improvement studies starts with the
strategic goals of the company and ends
with the implementation activities on
the shop floor

(2) Measurement and feedback of the
results of the programs are included and
considered important in quality
improvement studies

(3) Personnel from all levels of the
hierarchy contribute to the quality
improvement studies

(4) Personnel are aware of the importance
of taking quality certifications to
improve company’s reputation in the
eyes of its customers

(5) Several quality certificates are already
taken, and their requirements are
implemented throughout the plant

(6) The personnel show no resistance to
the new improved ways of doing things
and see them as necessary for the
company’s long-term survival

Appendix 2: Calculation of the overall perfor-
mance scores of the companies

Step 1 The members of the decision matrix (x̃i j ’s) and
weights of the critical activities with respect to the over-
all goal can be expressed as x̃i j � (

ai j , bi j , ci j , di j
)
and

w̃ j � (α j , β j , γ j , δ j ), respectively. For normalization, the
highest decision matrix member in each ‘critical activity’

column (denoted as x̃∗
j �

(
a∗
j , b

∗
j , c

∗
j , d

∗
j

)
) must first be

determined using Eq. (8).

(
a∗
j , b

∗
j , c

∗
j , d

∗
j

)
� max

1≤i≤n

(
ai j , bi j , ci j , di j

)
, j � 1, 2, . . . , 17

(8)

Then, the normalized decision matrix is constructed using
Eq. (9) (Chen and Hwang 1992).

(9)

r̃i j � x̃i j (÷)x̃∗
j

�
(
ai j
a∗
j
,
bi j
b∗
j
,
ci j
c∗
j
,
di j
d∗
j

)
, i

� 1, 2, . . . , n; j

� 1, 2, . . . , 17

Step 2 The normalized decision matrix (Ṽ ) is weighted
next using Eq. (10).

Ṽ � [
ṽi j

]
nx17, i � 1, 2, . . . , n; j � 1, 2, . . . , 17 (10)

where

ṽi j � r̃i j ⊗ w̃ j (11)

Step 3 Each fuzzy component of the weighted normalized
decision matrix is defuzzified using Eq. (12) (Cheng and Lin
2002; Chen and Hwang 1992). The obtained crisp value of
a trapezoidal fuzzy number (vi j � (a, b, c, d)) is denoted as
vij.

vi j � a + b + c + d

4
(12)

Step 4 The ideal solution vector, A*, and the negative-
ideal solution vector, A−, include the best and the worst
performance scores, respectively, and are calculated using
Eqs. (13–16).

A∗ �
(
v∗
1 , v

∗
2 , . . . , v

∗
j

)
(13)

v∗
j �

{
(best

i
Xi j ); i � 1, 2, . . . , n

}
; j � 1, 2, . . . , 17 (14)

A− �
(
v−
1 , v−

2 , . . . , v−
j

)
(15)

v−
j �

{
(worst

i
Xi j ; i � 1, 2, . . . , n

}
; j � 1, 2, . . . , 17

(16)

Step 5: Calculation of distance measures The distances of
company i to the ideal solution (d*i ) and from the negative-
ideal solution (d−

i ) are calculated using Eqs. 17 and 18,
respectively.

d∗
i �

√√√√
17∑
j�1

(vi j − v∗
j )
2 i � 1, 2, . . . n; (17)

d−
i �

√√√√
17∑
j�1

(vi j − v−
j )

2 i � 1, 2, . . . n; (18)

Step 6 The overall performance score (C*
i ) is calculated

using Eq. 19. A higher score corresponds to a better perfor-
mance (Chen and Hwang 1992).

C∗
i � d−

i /(d−
i + d∗

i ); 0 ≤ C∗
i ≤ 1 i � 1, 2, . . . , nmc (19)

References

Ahmad K, Zabri SM (2016) The application of non-financial perfor-
mance measurement in malaysian manufacturing firms. Procedia
Econ Financ 35(2016):476–484

Anderson JC, Rungtusanatham M, Schroeder RG, Devaraj S (1995) A
path analytic model of a theory of quality management underlying
the deming management method: preliminary empirical findings.
Decis Sci 26(5):637–658

123



7502 M. Yurdakul, Y. T. İç
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