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Companies need to constantly evaluate their activities in strategic planning process. These activities include all
processes in the company, such as management and organization, research and development, production planning,
manufacturing, post-sales services, accounting and finance. The aim of this study is to propose an evaluation model
that can be used to evaluate management and organization performance for small and medium enterprises. In the
proposed model, fuzzy multi-criteria decision-making approaches consisting of fuzzy analytic network process and
fuzzy decision making trial and evaluation laboratory methods are used to determine the weights of performance
criteria. A case study has been conducted in a small and medium enterprise for empirical evidence. From the
outcome of our investigation, it is possible to conclude that “corporate communication” and “process management”
are more important criteria. The most important sub-criteria are listed as, “senior management in harmony
with each other”, “employee requests and demands are collected periodically” and “pocket reference that includes
procedures and fixed rules are available”.

DOI: 10.12693/APhysPolA.132.994
PACS/topics: 89.65.Gh, 07.05.Mh

1. Introduction

Small and medium enterprises (SMEs) have a growing
and crucial role in both developed and developing coun-
tries. Particularly, the manufacturing industry rises in
importance in these countries. In today’s world, manu-
facturing SMEs face innumerable challenges on there way
to prosperity. These enterprises often either do not have
an adequate understanding of, or access to, the resources,
technologies, and management practices needed to meet
these challenges [1].

Despite their limited resources, manufacturing SMEs
require sustainability-related tools with systematic gui-
dance, manageable complexity and a reasonable ti-
meframe [2]. In situations such as this, performance me-
asurement or evaluation models can be used as a solution
tool. Performance measurement is an important issue for
management and it is mainly used for monitoring exis-
ting performance, identifying the gap between expected
and existing performance, identifying performance im-
provement opportunities and supporting continuous im-
provement, providing information for long-term decisions
and enabling interaction between processes and stakehol-
ders [3]. The aim of this study is to propose a flexible,
dynamic and practical performance evaluation tool from
management and organization viewpoint for SMEs.

Traditional performance measurement models focus on
financial criteria [4]. To minimize weaknesses of traditi-
onal performance measurement system, several models
have been developed such as Performance Pyramid, Eu-
ropean Foundation for Quality Management Excellence
Model, Balance Score Card, Performance Measurement
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Matrix, Performance Measurement Questionnaire, Stra-
tegic Measurement and Reporting Technique and Mal-
colm Baldrige National Quality Award. In general, these
models have been developed to be applied in big compa-
nies. When the literature was searched to have a general
idea, there was a limited number of studies related to per-
formance evaluation system for SMEs. From this point
of view, the proposed model is developed considering the
limited resources of SMEs and their own criteria.

The model is developed by also taking into considera-
tion the weaknesses of models in literature, such as lack
of different points of view, not allowing specific criteria
within the company, requirement of a lot of resource, time
and money. There are several studies about performance
measurement and evaluation in the literature. Related
studies can be classified into three categories; (a) studies
about performance evaluation of SMEs (b) performance
evaluation with multi-criteria decision making (MCDM)
methods and (c) performance evaluation with hybrid use
of decision making trial and evaluation laboratory (DE-
MATEL) and analytic hierarchy process/analytic net-
work process (AHP/ANP) methods. In addition to these,
MCDM methods have been used in different problems
that require evaluation, selection, sorting and classifica-
tion in the literature [5–12]. Table I shows studies in the
literature, related to these three main categories.

TABLE I

Studies related to three main categories of evaluation
of SMEs.

Performance evaluation studies Refs.
Performance evaluation studies for SMEs [13–20]
Performance evaluation with MCDM [21–27]

Performance evaluation with DEMATEL
and AHP/ANP [28–29]

(994)
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However, to the best knowledge of the authors, not
enough studies have been conducted on the subject of
performance evaluation in SMEs, based on management
and organization with fuzzy MCDM methods.

2. Proposed model

Performance evaluation is a MCDM problem and it
is affected by quantitative and qualitative factors [30].
For this reason, proposed model is developed based
on MCDM approaches and includes four main steps.
The first step is the determination of the criteria set. Cri-
teria set are derived from the literature and case study.
Different companies can add their own special criteria
or they can reduce the criteria set. This flexibility al-
lows the model to be implemented in different industries.
The second step is about the examination of interactions
among performance criteria with F-DEMATEL method.
The third step is prioritization of criteria by using the
F-ANP method. Finally, performance evaluation is rea-
lized and action plans are created (Fig. 1).

Fig. 1. Steps of proposed model.

3. Methodology

The fuzzy set theory was described in the work of Za-
deh [31]. There are different techniques in the literature
that benefit from fuzzy set theory. One of the impor-
tant elements of the fuzzy set theory is a linguistic va-
riable which adopts natural language expressions as its
value [32]. In this study performance criteria are sor-
ted in descending order in an attempt to make strategic
decisions. For this purpose, F-DEMATEL is used to exa-
mine the causal relationships among performance criteria
and F-ANP is used to determine weights of performance
criteria.

3.1. Fuzzy DEMATEL method
The DEMATEL method was employed by Fontela and

Gabus [33–36] between 1972 and 1976 to solve complex
problems. The Fuzzy DEMATEL method is developed
for analyzing the influence of criteria in fuzzy environ-
ments by Lin and Wu [37]. Table II shows the linguis-
tic terms and corresponding triangular fuzzy numbers
(TFNs).

TABLE II

The linguistic terms and TFNs.

Linguistic terms TFNs
No influence (0, 0, 0.25)

Very low influence (0, 0.25, 0.50)
Low influence (0.25, 0.50, 0.75)
High influence (0.50, 0.75, 1.0)

Very high influence (0.75, 1.0, 1.0)

The major steps of the F-DEMATEL [37] are explained
as follows;

Obtaining the assessments of all decision-makers;

Z̃ =
Z̃1 + Z̃2 + . . .+ Z̃p

p
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Total-relation fuzzy matrix includes fuzzy values. For
this reason a defuzzification process is needed. Even
though several defuzzification methods exist in litera-
ture, converting fuzzy data into crisp scores (CFCS) met-
hod [38] is used for defuzzification process.

3.2. Fuzzy ANP method

ANP method is developed by Saaty [39] to eliminate
the problem of interrelation among criteria. There are
several F-ANP methods for calculating weights. In this
study, Chang’s extent analysis method [40] is used.
The linguistic terms and their corresponding TFNs are
shown in Table III.

TABLE III

The linguistic terms and TFNs.

Linguistic terms TFNs
Triangular fuzzy

reciprocal numbers
Equally important (1, 1, 1) (1, 1, 1)
Weekly important (1, 3, 5) (1/5, 1/3, 1)
Strongly important (3, 5, 7) (1/7, 1/5, 1/3)
Very important (5, 7, 9) (1/9, 1/7, 1/5)

Absolutely important (7, 9, 9) (1/9, 1/9, 1/7)

Chang’s method [40] is described below.
Let X = {x1, x2, . . . , xn} be an object set, and G =
{g1, g2, . . . , gm} be a goal set.
M j

gi (i = 1, 2, . . . , n; j = 1, 2, . . . , m) are TFNs.
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M2 = (l2, m2, u2) ≥ M1 = (l1, m1, u1) is defined as
V (M2 ≥M1) = sup [min (µM1

(x) , µM2
(y))].

V (M2 ≥M1) = hgt
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(11)

where d is the ordinate of the highest intersection point
d between µM1

and µM2
. Both values of V (M1 ≥M2)

and V (M2 ≥M1) are required in order to compare M1

and M2.
V (M ≥M1,M2, . . . , Mk) = V [(M ≥M1) and

(M ≥M2) and . . . and (M ≥Mk)]

= minV (M ≥Mi) , i = 1, 2, . . . , k. (12)
Assume that
d

′
(Ai) = minV (Si ≥ Sk) , (13)

for k = 1, 2, . . . , n; k 6= i.
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where Ai(i = 1, 2, . . . , n) are n elements.

W = (d (A1) , d (A2) , . . . , d (An))
T
, (15)

where W is a non-fuzzy number.

4. Case study

Proposed model was applied in a manufacturing SME.
The company is examined on the basis of organization
and management department. Evaluation criteria are
structured around five main criteria. These are (C1) lea-
dership, (C2) process management, (C3) strategic mana-
gement, (C4) corporate communication and (C5) infor-
mation and technology management. Each criterion has
its own sub-criteria and there are 18 sub-criteria in total
(Table IV).
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TABLE IV
Evaluation criteria of management and organization.

Criteria Ref. Sub-criteria
C1. Leadership [41, 42] C11. Existing leaders who shape the future

C12. Senior executives are evaluated periodically by employees
[18, 15] C13. There is a corporate culture sustained by leaders and employees
[43] C14. The company has a strong relationship with the local community

C2.Process C21. Departmentalization is completed and departments operate in a synchronized manner
management [18, 41, 44] C22. Core processes and process components (owners, inputs, outputs, etc.) are declared

[18, 42] C23. Organizational chart and job descriptions are determined and updated
C24. Pocket reference that includes procedures and fixed rules are available

C3. Strategic
management

[15, 41 43] C31. Organizational mission, vision and values are defined and a formal strategic planning
process is available in order to realize its mission and vision

[15, 18] C32. Self-assessment activity are conducted periodically within the scope of corporate
evaluation

[15, 18] C33. Budget planning and resource allocation are performed
[41] C34. Sustainability approach is incorporated into all business processes and strategy

C4. Corporate [43] C41. Senior management are in harmony with each other
communication [42, 45] C42. Employees at different departments and levels have same achievement motive

C43. Employee requests and demands are collected periodically
C5. Information
and technology

[18, 42] C51. Data are transformed into real information to make the right decision and stored as
enterprise information

management [18] C52. Regular meetings are held in an effort of decision making, planning and problem solving
[18] C53. New technologies are being followed and technology investments are being planned

Interactions between main criteria are calculated with
F-DEMATEL upon expert opinions. In the F-DEMA-
TEL method a threshold value is needed to interpret the
relationship. Table V shows values which are above the
predefined threshold (0.680). The threshold value has
been determined according to the opinions of the experts
from the company. For instance, C1 affects C3 (0.682)
and C4 (0.747), likewise C2 affects C3 (0.713), C4 (0.783)
and C5 (0.716).

The weights of the sub-criteria are sorted with the
F-ANP method, according to the defuzzified total rela-
tion matrix (Table V).

5. Results and discussion

The proposed model was aimed to be practical to use
in SMEs in spite of their limited resources. As mentio-
ned before, the model was applied in a SME. As a result
of this case study, overall weights of criteria were deter-
mined. As it can be seen from Fig. 2, the most impor-
tant criteria are listed as C41, C43 and C24 respectively;
“Senior management in harmony with each other”, “Em-
ployee requests and demands are collected periodically”
and “Pocket reference that includes procedures and fixed
rules are available”. On the other hand the least im-
portant criteria were determined as C51, C32 and C23
respectively; “Data are transformed into real information
to make the right decision and stored as enterprise infor-
mation”, “Self-assessment activity are conducted periodi-
cally within the scope of corporate evaluation” and “Or-
ganizational chart and job descriptions are determined

TABLE V
Defuzzified total relation matrix.

C1 C2 C3 C4 C5 D R D+R D-R
C1 0.525 0.672 0.682 0.747 0.636 3.26 3.26 6.52 0.00
C2 0.672 0.596 0.713 0.783 0.716 3.48 3.48 6.96 0.00
C3 0.747 0.783 0.588 0.817 0.745 3.68 3.25 6.93 0.43
C4 0.682 0.713 0.637 0.588 0.634 3.25 3.68 6.93 -0.43
C5 0.636 0.716 0.634 0.745 0.519 3.25 3.25 6.50 0.00
*Threshold value: 0.680

and updated”. However, this does not state that these
criteria are unimportant for the whole business environ-
ment. Weights of criteria are specific to the companies
and their strategies.

Fig. 2. Sub-criteria weights percentage.

In addition to sub-criteria weights percentage, main
criteria weights, which are based on cumulative relevant
sub-criteria, are shown in Fig. 3. Corporate communica-
tion is the most important criterion for the case company.
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Information and technology management is determined
as the least important criterion. This result was ex-
pected, since the SMEs operate in medium to low techno-
logy environments.

Fig. 3. Criteria weights percentage.

In order to contribute to the literature, this paper pre-
sents an evaluation tool, which can be used in manufac-
turing SMEs. Companies can improve the organization
and management performance by giving priority to im-
provement activities, based on the importance of the per-
formance criteria. This evaluation can be performed at
specific time intervals. New criteria can be added to the
criteria set or removed from the set.
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