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priorities correctly is one way to increase customer satisfaction. In this
context, a new integrated approach based on Multi Criteria Decision Making
(MCDM) is proposed to determine the production priority needed in the
demand management process. The first step of this three-step process
determines customer alternatives. Production priority criteria are established

Keywords: in the second stage based on the attributes of the customer. In the third step,

objective and subjective criterion weights are determined by taking into
Production Priority, account real data and expert opinions using the LBWA (Level Based Weight
LBWA, Assessment) and CRITIC (The Criteria Importance Through Intercriteria
CRITIC, Correlation) methods. Then, the integrated criteria weights are determined
SOWIA by the SOWIA (Subjective and Objective Weight Integrated Approach)

using objective and subjective criteria weights. In the literature, there are
few studies that determine production priority using the MCDM method. In
addition, no study was found in the literature in which quantitative and
qualitative methods were integrated in the ceramic industry. It is believed
that this study will contribute to the literature.

1. Introduction

In today's world, there are many businesses that have decided to downsize due to economic difficulties. Contrary
to the businesses' decision to downsize, the increasing population and the resulting increased demand have caused
a slowdown in customer returns. In order for a business to avoid downsizing and to survive in the face of economic
difficulties, it is necessary to use its limited production resources in a way that will maximize efficiency and
increase its profitability, considering the interests of the business.

Managers must increase customer satisfaction and manage demand effectively, considering limited production
resources and business profitability. However, determining production priorities in demand management is
extremely important. It has been noted that most organizations focus their decision-making on the decision maker's
experience rather than employing an excessive number of mathematical methods in real-world scenarios.
However, decisions may not always be the right ones, depending on the information and comprehension of those
making them. In making these selections, actual customer data should also be taken into account. Thus, a novel
solution approach based on Multi-Criteria Decision Making (MCDM) is suggested within the parameters of the
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study, enabling firms to quickly establish production priorities by utilizing real customer data as well as decision
makers' experiences (Bayram, 2022).

MCDM can be defined as the decision maker's selection process using at least two criteria from a set consisting of
a finite countable or an infinite number of uncountable options, or, in other words, making a choice by evaluating
based on two or more criteria (Celikyay, 2002). MCDM techniques are used to keep the decision mechanism under
control and arrive at a solution as quickly and readily as possible in decision-making problems where there are
several alternatives and criteria (Orhan, 2013). Upon reviewing the literature, it is evident that MCDM techniques
fall into two categories: "weighting" and "ranking". In this study, a new integrated criteria weighting approach was
proposed using LBWA (Level Based Weight Assessment), CRITIC (The Criteria Importance Through Intercriteria
Correlation) and SOWIA (Subjective and Objective Weight Integrated Approach) methods from the MCDM
weighting methods.

In the proposed integrated weighting approach; the LBWA method was chosen to weight the criteria to be used in
determining demand priority based on expert opinions. The LBWA method was developed by Zizovi¢ and
Pamucar (2019) and was used to determine weight coefficients for evaluating supplier performances. LBWA, a
subjective weighting method based on the principle of pairwise comparison, achieves importance weights by
grouping decision criteria and evaluating the criteria in each group with a simple algorithm. The CRITIC method
proposed by Diakoulaki, Mavrotas and Papayannakis (1995) was developed due to the need for an objective
criterion weighting method and was used in the selection of Greek pharmaceutical companies. CRITIC is an
objective weighting method that eliminates the influence of decision makers on the decision and produces results
by acting directly on the data. The SOWIA was first used by Das, Sarkar and Ray (2013) along with the MOORA
(Multi-Objective Optimization by Ratio Analysis) method for performance evaluation and ranking of seven Indian
Institutes of Technology. SOWIA, on the other hand, is a combined weighting method that allows a single weight
to be obtained by considering both objective and subjective criteria weights. With the integrated approach created
using these three methods, the importance weights of the criteria to be considered in determining the production
priority were determined and their order of importance was revealed. Customer demand priority can be determined
by using the order of importance of the criteria.

In a company operating in the ceramics industry, an integrated weighting approach consisting of three stages was
applied to determine production priority according to customer characteristics. The ceramics company exports
floor and wall ceramics, glazed porcelain and technical granite. Production demands brought about by the rapidly
increasing customer portfolio in recent years have remained above the operating capacity. This situation has
created the need to prioritize customer demands.

Although there are many studies in the MCDM literature, there are few studies that determine production priorities.
Furthermore, there is no other study in the literature that considers both subjective and objective approaches
simultaneously and determines the weights of the criteria for demand prioritization. It is believed that this study
will ultimately make a valuable contribution to the literature.
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2.Literature Review

LBWA and CRITIC methods are effective in determining subjective and objective weights. Therefore, this paper
integrates the weights obtained from LBWA and CRITIC methods using the SOWIA method to obtain a
comprehensive weight. So far, only the study conducted by Wang, Chen, Wang, Deveci, Moslem and Coffman
(2024) has attempted to reveal the obstacles to the implementation of digital transformation in the energy sector
by using these three methods together.

LBWA method has been applied for many real-world problems in business economics, defence, and environment-
related areas (Ayan, Abacioglu and Basilio, 2023), namely, data literacy evaluation (Zeng, Gao and Wu, 2024),
planning off-grid hybrid energy system (Ali, Sunny, Aghaloo and Wang, 2024), public transportation (Pamucar,
Gokasar, Torkayesh, Deveci, Martinez and Wu, 2023), site selection of direct current microgrid-based hydrogen-
electric hybrid refueling stations (Zhu, Lei, and Gao, 2023), assessing the barriers to the use of digital technologies
(Sharma, Joshi and Govindan, 2023), supplier selection problem (Ayough, Shargh and Khorshidvand, 2023),
container port selection (Pamucar and Gorgilin, 2022), evaluation of leanness of micro, small and medium
enterprises (Biswas, Pamucar, Bozanic and Halder, 2022a), equity linked savings scheme funds selection (Biswas,
Pamucar and Mukhopadhyaya, 2022b), sustainable food supplier selection (Yazdani, Pamucar, Chatterjee and
Torkayesh, 2022), evaluation of waste in fast-moving consumer goods (Ogel, Ecer and Ozgdz, 2022), assessment
of Ideal Smart Network Strategies (Korucuk, Aytekin, Ecer, Pamucar and Karamasa, 2022), supplier selection in
the railway sector (Uluskan, Topuz and Cimen, 2022), renewable energy resources (Ecer, Pamucar, Mardani,
Alrasheedi, 2021), smart cities (Adali, Oztas, Oztas and Tus, 2022), weapon system selection (Hristov, Pamudar
and Amine, 2021), evaluation of healthcare sectors (Torkayesh, Pamucar, Ecer and Chatterjee, 2021), evaluation
of human resources in transportation companies (Jakovljevic, Zizovic, Pamucar, Stevic and Albijanic, 2021),
evaluation of sustainable energy policies in the agricultural sector (Pamucar, Behzad, Bozani¢ and Behzad, 2021),
assessment of information and communication technology development criteria of G7 countries (Torkayesh and
Torkayesh 2021), location selection for the camp (Bozanic, JuriSic and Erkic, 2020a), sustainable reorganization
of a healthcare system (Pamucar, Zizovié, Marinkovi¢, Doljanica, Jovanovi¢ and Brzakovi¢, 2020), facility
location selection (Biswas and Pamucar, 2020) and weapon selection (Bozanic, Randelovi¢, Radovanovi¢ and
Tesi¢, 2020D).

A growing body of literature on applying CRITIC in various sectors has resulted from practitioners and scholars
realizing how important it is to use it to address complex problems across several domains (Farid, Miletic, Riaz,
Simic and Pamucar, 2024; Krishnan, 2024). Researchers have been using CRITIC to seek solutions for many real-
world problems, such as marine port selection (Gor¢iin and Kiigiikonder, 2021), indoor air quality criteria
assessment (Piasecki and Kostyrko, 2020), the appraisal of financial risk (Peng and Huang, 2020), the
development of electrical charging retailers for electric automobiles (Wei, Lei, Lin, Wang, Wei, Wu and Wei,
2020), software selection (Tus and Adali, 2019), assessing a manufacturing shop floor (Kumari and Kulkarni,
2019), risk assesstment (Ayrim and Can, 2017). Additionally, it is seen in the literature that CRITIC is also used
in current issues such as COVID-19 and Industry 4.0 (Erdogan and Ayyildiz, 2022; Shang, Saeidi and Goh, 2022;
Delice and Keskin 2023; Gupta, Kushwaha, Badhera and Singh, 2024; Razzaq, Riaz and Aslam, 2024).

The SOWIA has been used in many studies as it helps determine the relative importance of criteria by integrating
the perception and understanding of different experts in the form of subjective and objective weights depending
on the performance of the alternatives on each criterion (Das, 2013). For example, the sustainability strategy
selection (Sreekumar and Rajmohan, 2019), identifying key barriers to the adoption of Digital Twins and
Blockchain in Industrial Internet of Things (Li, Su and Mardani, 2023), assessment of sustainable energy storage
systems (Narayanamoorthy, Brainy, Shalwala, Alsenani, Ahmadian and Daekook, 2023) sustainable biomass crop
selection (Mishra, Rani, Pratibha Ravi Sundar Prajapati, 2021a), selecting the ideal sustainable green strategy
(Aytekin, Korucuk, Bedirhanoglu and Vladimir, 2024), assessment of bio-medical waste disposal methods
(Narayanamoorthy, Annapoorani, Kang, Baleanu, Jeon, Kureethara and Ramya, 2020), optimal site selection of
electric vehicle charging station (Mishra, Rani and Saha, 2021b), determining the effectiveness of countries in
combating pandemics (Keskin and Delice, 2023) is used SOWIA method.

As a result, when looking at the literature, it is seen that these three techniques are applied together with different

MCDM techniques for solving decision-making problems in various fields. Because employing several MCDM
techniques to solve a decision problem will contribute to the production of more compromised outcomes.
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3.Methods

3.1. LBWA method

The LBWA method is a subjective weighting method based on the principle of pairwise comparison and is used
to determine the criteria weights. The LBWA method was developed with the idea of creating a mathematical
model that eliminates inconsistency and provides solutions with fewer pairwise comparisons than other subjective
criteria weighting methods. The advantages of the LBWA method are as follows:

(1) The LBWA model can be used to calculate weight coefficients with a small number of criteria
comparisons—just n—1 comparisons,

(2) The LBWA model algorithm does not grow more complex as the number of criteria increases, making it
appropriate for use in complex MCDM models with a large number of evaluation criteria, a

(3) The LBWA model enables decision makers to show their preferences when prioritizing criteria through
a logical algorithm. By using the LBWA model, inconsistent expert preferences which are allowed in
some subjective models (Best Worst Method and Analytic Hierarcy Process) are eliminated, yielding
optimal weight coefficient values through a straightforward mathematical process;

(4) The model's flexibility lies in its ability to utilize all values from the predefined scale, meaning that it is
not restricted to integer values inside the given interval.

The flexibility of the LBWA model in terms of extra corrections of weight coefficient values by the elasticity
coefficient (ry) must be emphasized in addition to the other advantages. Decision-makers can further modify
weight coefficient values based on their personal preferences thanks to the elasticity coefficient. Furthermore, by
characterizing the impact of altering the criteria weight coefficients on the ultimate decision, the elasticity
coefficient permits an investigation of the MCDM model's robustness. The steps for calculating criteria weights
with the LBWA method are as follows (Ziiovié and Pamucar, 2019; Aycin, 2023):

First, the decision maker determines the most important criterion in the set of criteria S = {C;, C;, ..., C,}. For
example, let the most important criterion determined by the decision maker be the criterion C;. Then, the decision
maker creates criteria subsets by considering the most important criterion as described below:

Level Si: The most important criterion must be either equally essential or at most twice as important as the criteria
in this group.

Level Sa: The most important criterion must be at least 2 times and at most 3 times more important than the criteria
in this group.

Level S3: The most important criterion must be at least 3 times and at most 4 times more important than the criteria
in this group.

Level Sk: The most important criterion must be at least k times more important and at most k+1 times more
important than the criteria in this group (Demir, 2020).

By applying the rules mentioned above, decision-makers determine the rough classification of the criteria and
group the criteria according to their level of importance. If the significance of the criterion C; is denoted by S(Cj),
where j € {1,2, ...,n}, then we have S = §; U S, U ...U S, where for every level i € {1,2, ..., k}, the Equation (1)
applies.

S, ={C,. C

ipr ey

C)={Cesi<s(C)<i+1} M

Within the formed levels of the influence of the criteria it is performed the comparison of criteria by their

significance. Each criterion Ci, €S5; in the level §; = {Cil, Ciys s Cis} is assigned with an integer I, €
{0,1,2, ..., r} such that the most important criterion C; is assigned with I, = 0, and if Cl-pis more significant than
Ci, then [, <, and if Ci, is equivalent to Ci, then [, = I;. Where the maximum value on the scale for the

comparison of criteria is defined by applying the expression 2)

r= max{lsllt |52|; ey |Sk| } (2)

445



Delice, Akviran JTOM(8)2, 442-458, 2024

The elasticity coefficient is obtained according to the r value determined according to Equation (2). 1y, defined as
the elasticity coefficient, is determined by the r; > r (1, € R). The influence function f:S — R is defined as in
Equation (3).

f(c,) =2 3)

i-r0+1ip

Where i is the level number in which the criterion is classified; 1, is the elasticity coefficient; I, indicates the

integer value assigned to criterion Ci, within the relevant level.

The weight of the most important criterion is determined by using equation (4). Then, the weights of the other
criteria is obtained using Equation (5).

: (4)

Wi = e+ (@47 (C) 47 (Cn)

wj = f(C) - w; (%)

3.2. CRITIC method

The CRITIC approach eliminates the influence of decision makers on the decision because the end result is the
use of actual data for operations. Both the standard deviation of a criterion and its correlation with other criteria
serve as the foundation for objectively calculating the criteria weights. Thus, the variability of the criteria and the
degree and direction of the relationships between the criteria determine the criteria weights (Ecer, 2020). The
CRITIC method can be used to calculate criteria weights in the following steps:

The initial decision matrix is created as in Equation (6) using numerical data regarding the criteria to be used in
decision making.

X11 X21 "t Xi1 (6)
X12 X2t Xi
wo| o
X1n X2n Xin
Xm1 Xm2 *** Xmn
Where x;; represents the value of ith alternative (i=1, 2, ..., m) for jzh criterion (j=1, 2, ..., n).

Benefit and cost criteria are standardized with the help of linear normalization. Equation (7) and Equation (8) are
used to normalize the benefit and cost criteria, respectively, and a normalized decision matrix is created.

po o= UTEmin (7
Y xjmak _xjmin

X mak—Xij 8
ry =L (®)

xjmak _xjmin

Where 7;;; the ith alternative is the normalized value of x;; according to the j¢4 criterion.

The standard deviation of the criteria is obtained with Equation (9).
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)

Z?:l(rij—ﬂ)z

J n-1

Where r;; shows the average value of 7;; and 0; shows the standard deviation of the jth criterion.

The correlation coefficient is calculated by using the values obtained as a result of normalization in Equation (10).
P; indicates the correlation value between criterion j and criterion k.

Zﬁ1(m—g)'(ﬂk—r_k) (10)

jlﬂl(ru—ﬂ)z'zﬁ1(ﬁk—r_}c)2

Py =

Finally, the criterion weight is calculated according to Equation (11). When specified as g; - Zﬁzl(l - ij)j =
Cj, it can be simplified as stated in Equation (12).

e % Bl = P (11)
DY B CE G M)

w; = _G (12)
/ ZZ=1 Ck

3.3. SOWIA method

Criteria weights obtained by subjective and objective weighting methods are integrated with the SOWIA in 3 steps.
The initial decision matrix created in the first step is normalized as shown in Equation (6). In the second step;
criteria weights are determined using the normalized matrix according to the established MCDM method. While
introducing the method, Zaher, Khalifa and Mohamed (2018) used the Entropy method as the objective method
and the RR (Rank Reciprocal) weighting method, which is based on the decision maker interpreting and ranking
the criteria in order of importance, as the subjective method. Since normalization and criterion weight
determination calculations will be different for each method, special formulations are not given in the first and
second steps. If the objective and subjective criteria weights are available to the decision maker, steps 1 and 2
should be skipped and the method should be continued directly from the third step.

In the third step of the SOWIA method; the integrated criterion weight is calculated using Equation (13), including
the criterion weight O; obtained by the objective method, the criterion weight S; obtained by the subjective method,

and the combination of objective and subjective weights Wjint.

a is the objective decision weight and takes a value in the range (0,1).

3.4.Proposed Integrated Criteria Weighting Approach

The integrated approach to production priority determination suggested in this study comprises three processes, as
shown in Figure 1.
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Stage 1. Determination of Customer Alternatives

Stage 2. Determination of Criteria and Their Values

Stage 3. Calculation of Integrated Weights of Criteria

Step 1. Calculation of Step 2. Calculation of objective Step 3. Calculation of Step 4. Comparison of criteria
subjective weights of criteria weights of criteria using the integrated criteria weights weights and alternative
using the LBWA method CRITIC method using the SOWIA method rankings

Figure 1. Flowchart of the proposed integrated approach

As seen in Figure 1, customer alternatives are determined in the first stage. In the second stage, the criteria that
will affect the production priority depending on customer alternatives are determined by the decision-makers
working in the enterprise. In the third stage, criteria weights obtained both subjectively and objectively by the
LBWA and CRITIC methods are combined using the SOWIA method to obtain integrated criteria weights. Finally,
the weights obtained from subjective, objective, and integrated criteria weighting methods are compared. Thus,
the most important criteria to be used in determining the customer to whom production priority will be given are
determined.

4. Application

In this study, the criteria used to determine customer priority in a company that exports ceramics are prioritized
with the proposed integrated criteria weighting approach. Permission was obtained from company officials for this
study, but company executives did not allow the company name to be shared. In the company; The Export Planning
and Tracking department should manage demand and stock in a way that increases customer satisfaction and
business profitability, considering the technical conditions of the factories. The production plan prepared by the
factory is created by taking into consideration various parameters such as customer priority, product cost,
production capacity, as well as technical constraints in the business. For demand management that depends on
more than one criterion, customer priority must be determined, which is of great importance at the planning stage.
The proposed approach was implemented in three stages as shown in Figure 1.

Stage 1. Determination of customer alternatives
The company in question has approximately 50 customers to whom it actively sells. Among these customers, the

22 customers with the highest product demand were taken into account. For customer privacy, customer names
are not shared and are referred to as M1, M>...M2.

Stage 2. Determination of criteria and their values

Seven criteria that will affect business profitability and will be used to determine production priorities were
established by six experts. These criteria are as follows:

Average Selling Price (C1): It is the sales price given to the customer.
Stock (Cz): It refers to the stock produced for the customer and waiting in the factory.

Demand Amount(C3): Demand quantity refers to the total amount of products that the customer states she will
purchase in 2022.

Sales Amount (Cs): The total sales amount made to the customer in 2021.
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Payment Performance (Cs): It refers to the customer's payment performance after receiving the product.

Penalty Deadline Period (Cs): The period during which the product must be delivered on the deadline determined
by the customer. The business is fined for each day that this period passes. Customers whose penalty period is
stated as 600 in Table 1 do not have any criminal sanctions, but the period is entered into the Canias ERP system
as 600 days, which is 1.5 years.

Stock Conversion Rate (C7): It varies depending on the time the customer purchases the product. It indicates how
many days the product is kept in stock.

The average selling price is a benefit criterion that should be considered when assessing customer priority since it
boosts business profitability and gives precedence to customers who have the highest selling price. Likewise,
demand amount, sales amount, and payment performance criteria are also benefit criteria. Stock, penalty delivery
time, and stock conversion rate criteria are cost criteria, and minimizing these values will positively affect customer
priority. The criterion values shown in Table 1 were obtained using the data in the Canias ERP program of the 22
customers to whom the company sells the most.

Table 1. Criteria and their values

Cy Cy C3 Cy Cs Ce Cy
(O] (m?) (m?) (m?) (%) (Day) (%)
max min max max max min min

M,y 9.16 30.000 664.054 660.000 88 600 43
My 11.00 25.000 628.535 600.000 85 60 30
M3 10.00 3.334 576.900 580.000 95 600 18
My 12,00 15.614 524282 510.000 65 600 35
Ms 9.00 10.000 612.964 459.000 70 600 50
Mg 12,48 15.000 448.452 400.000 55 600 45
M7 12.00 2.000 344228 390.000 90 600 15
Mg 8,58 35.000 660.284 350.000 65 600 60
Mg 9.86 1.500 344377 350.000 86 60 45
Mg 7.37 18.375 359.709 350.000 95 600 25
My 7.88 3.000 343.094 343.000 90 60 15
M, 8.50 10.080 330.990 330.000 98 60 10
M3 12,30 5.000 317.873 317.870 96 120 10
Mg 12.00 28.500 291.458 300.000 98 60 20
Mjs 543 25.000 313.414 290.000 98 600 35
Mg 6.90 16.765 288.410 280.000 75 60 35
M7 824 503 268.207 260.000 85 60 30
Mg 11,00 10.000 281.152 250.000 85 60 20
Mjq 8.80 5.899 218.747 218.000 95 60 15
Mso 12.00 2.500 206.863 210.000 70 600 20
Myq 12.22 12.474 223.209 190.500 78 100 50
Moy 7.65 14.417 189.758 189.000 85 100 25

Stage 3. Calculation of Integrated Weights of Criteria
Step 1. Calculation of subjective weights of criteria using the LBWA method

First, the order of importance of the criteria is determined. Criteria are scored as 1-highest and 9-lowest. The most
important criteria for decision makers were determined by sales amount
(C,) and average selling price (C;). Experts assigned scores, as indicated in Table 2.

Table 2. Order of importance of criteria

G G Cs Cs Cs Ce G
1 2 5 1 4 3 9
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After the importance of the criteria is determined, the criteria are compared pairwise and ranked from most
important to least important. This ranking made by decision makers is shown in Table 3.

Table 3. Sorting criteria according to their importance
C, C, G, Ce Cs Cs (o
1 1 2 3 4 5 9

As seen in Table 3, the most important criterion was determined to be sales amount
(C,). Decision makers created subsets of criteria:

Level S;: The most important criterion C, is of equal importance to the C;, Cy, Cs, Cq.

Sy ={C1,Cy, Cs, Co}
Level S2: The most important criterion C, is at least twice and at most three times more important than the C,, C3, C,.

S, ={C;, G5, C7}
Then, the criteria are compared with each other and integer assignment is made according to their importance
levels. The most important criterion, C,, was assigned a value of 0. Then integer value assignment, the maximum
integer value assigned is found. Equation (2) is used for this process.
Sy ={C1,Cy, G5, Ce}, S; ={C,, G5, G}
r=max{43} =4

According to the r value, the elasticity coefficient is determined from the ry > r equation as r, > 4. i.e. 1y, = 5.
Impact functions for each level were calculated as follows using Equation (3) and shown in Table 4.

5
f(Cy) = T - 0833

Table 4. Influence functions

f(cy,) 1,000
f(cy,) 0,625
f(Ciy) 0,833
JACH 0,714
f(Cz,) 0,455
f(Cz,) 0,417
f(Cz,) 0,385

The criteria weights are calculated using Equation (4) and Equation (5). First, the weight of the most important
criterion is determined. Then other criteria weights are calculated. Table 5 shows the weights determined for all
criteria. The w, and wg values of criteria C, and Cg , which are determined as the most important criteria, are
calculated as follows:

1
" 1+40,625+...4+0,385

W, =0,226

ws = 0,833 - 0,226 = 0,188
. Table 5. Criteria weights determined according to LBWA Method

450



Delice, Akviran JTOM(8)2, 442-458, 2024

c, c, C, C, Cs Ce c,
w; 0,141 0,103 0,094 0,226 0,188 0,161 0,087
Rank 4 5 6 1 2 3 7

As seen in Table 5, according to the LBWA method, the sales amount (C,) criterion with the highest weight score
of 0.226 was determined as the most important criterion, and the least important criterion was determined as the
stock conversion ratio (C,). It was stated that the resulting ranking was meaningful when evaluated together with
experts. It has been interpreted that the importance of other criteria is also low for a customer with a low sales
volume. Furthermore, it makes sense to give this criterion more weight than others because a customer with poor
payment behavior will not generate much profit for the company. The company should give priority to customers
with low penalty periods among customers with good sales volume and payment performance. Therefore, experts
have confirmed that this criterion is in third place. Experts state that the sales price is among the other crucial
factors that will boost a company's profitability. A customer who does not have a stock of products produced and
ready for shipment is more valuable than a customer whose demand is high and whose stock is not yet converted
to shipment because it does not generate any stock cost to the business. Therefore, the ranking of this criterion was
considered appropriate.

Step 2. Calculation of objective weights of criteria using the CRITIC method
In this step, the initial decision matrix must first be created. In this content, the values given in Table 1 were used

to create the initial decision matrix. The initial decision matrix was normalized using Equations (7) and (8), and
the normalized decision matrix was obtained as shown in Table 6.

Table 6. Normalized decision matrix

c, c, C, C, Cs C c,
M, 0,529 0,145 1,000 1,000 0,767 0 0,340
M, 0,790 0290 0925 0873 0,698 1,000 0,600
M, 0,648 0918 0816 0,830 0,930 0 0,840
M, 0932 0,562 0,705 0,682 0,233 0 0,500
M 0,506 0,725 0892 0,573 0,349 0 0,200
M, 1,000 0,580 0,545 0,448 0 0 0,300
M, 0932 0957 0326 0427 0,814 0 0,900
M, 0,447 0 0,992 0,342 0,233 0 0

M, 0,628 0971 0326 0,342 0,721 1,000 0,300
My, 0275 0482 0358 0,342 0,930 0 0,700
M, 0,347 0928 0323 0,327 0,814 1,000 0,900
M,, 0435 0,722 0298 0,299 1,000 1,000 1,000
M, 0975 0870 0270 0,274 0,953 0,889 1,000
M, 0932 0,188 0214 0,236 1,000 1,000 0,800
M, 0 0290 0261 0214 1,000 0 0,500
My, 0,209 0,529 0208 0,193 0,465 1,000 0,500
M,, 0,398 1,000 0,165 0,151 0,698 1,000 0,600
Mg 0,790 0,725 0,193 0,130 0,698 1,000 0,800
Mo 0,478 0,844 0,061 0,062 0,930 1,000 0,900
My, 0,932 0942 0,036 0,045 0,349 0 0,800
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M, 0,963 0,653 0,071 0,003 0,535 0,926 0,200
M,, 0,315 0,597 0 0 0,698 0,926 0,700
Standard deviation (oj) values of the criteria were calculated with Equation (9) and shown in Table 7
Table 7. Standard deviation values
C, C, Cs C, Cs Ce c
gj 0,295 0,297 0,328 0,282 0,290 0,499 0,288

Then, the correlation coefficients of the criteria were calculated using Equation (10). Correlation values (Pj) are

given in Table 8.

Table 8. Correlation values of criteria

C, C, Cs C, Cs Ce (o
C, 1,000 0,178 0,045 0,131 -0,295 -0,041 0,073
C, 0,178 1,000 -0,463 -0,282 0,122 0,224 0,471
Cs 0,045 -0,463 1,000 0,884 -0,296 -0,516 -0,469
C, 0,131 -0,282 0,884 1,000 -0,065 -0,439 -0,185
Cs -0,295 0,122 -0,296 -0,065 1,000 0,364 0,652
Ce -0,041 0,224 -0,516 -0,439 0,364 1,000 0,325
c, 0,073 0,471 -0,469 -0,185 0,652 0,325 1,000

(1 — Py) calculations to be used to find the importance weights of the criteria are given in Table 9.
Table 9. (1 — P;) values

C; C, Cs C, Cs Ce c,
C, - 0,822 0,955 0,869 1,295 1,041 0,927
C, 0,822 - 1,463 1,282 0,878 0,776 0,529
Cs 0,955 1,463 - 0,116 1,296 1,516 1,469
C, 0,869 1,282 0,116 - 1,065 1,439 1,185
Cs 1,295 0,878 1,296 1,065 - 0,636 0,348
Ce 1,041 0,776 1,516 1,439 0,636 - 0,675

c, 0,927 0,529 1,469 1,185 0,348 0,675 -
Total 5,908 5,749 6,814 5,956 5,518 6,083 5,132

The final importance weights were calculated with the help of Equations (11)-(12) and are shown in Table 10.

Table 10. Criteria weights determined according to CRITIC Method

G G, G Gy Cs Co G
w; 0,129 0,127 0,166 0,125 0,119 0225 0,110
Rank 3 4 2 5 6 1 7
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As seen in Table 10 illustrates, according to experts, the penal deadline period (Cy) is the most crucial factor
since, even in cases where the deadline is short, a client who is ignored hurts the firm and reduces profit. The
stock conversion ratio (C,) is the least significant criteria.

Step 3. Calculation of integrated criteria weights using the SOWIA method

In steps 1 and 2, the importance rankings of the criteria obtained using the LBWA and CRITIC methods differed.
While the order of importance of the sales amount (C,) criterion is in first place with the LBWA method, it was
ranked fifth by the CRITIC method. Considering this difference in criterion importance weights and rankings, a
single weight and importance order was determined for each criterion with the SOWIA method in the final stage.

In this study, the criteria weights obtained with the CRITIC method were accepted as (0]) obtained with the
objective method. The criteria weights obtained with the LBWA method were accepted as (S ]) obtained with the
subjective method. In this context, integrated weights were obtained using Equation (13). Table 11 shows the
comparison of the criteria weights determined according to different a values. Thus, the most appropriate o value
was tried to be determined.

Table 11. Selection of a value (0.2,0.4,0.6 or 0.8) according to criteria weights in SOWIA

Wo., Woa Wos Wos
C, 0.139 0.136 0.134 0.132
C, 0.107 0.112 0.117 0.122
Cs 0.101 0.123 0.137 0.152
C, 0.206 0.185 0.165 0.145
Cs 0.181 0.160 0.146 0.132
Ce 0.174 0.187 0.200 0.212
c, 0.091 0.096 0.101 0.105

The penalty deadline period (Cy) is typically the first criterion to be considered when assessing the criteria listed
in Table 13, followed by sales amount (C,). The customer with the best payment performance should be prioritized
when comparing customers with the same sales volume. In this case, 0=0.2 and ¢=0.8 are excluded. Then when
comparing two customers with good payment performance (Cs), priority should be given to the customer with a
higher selling price (C,). Thus, the value 0=0.4 has been determined by decision makers as the most appropriate
value for this problem. Accordingly, the integrated criteria weights Wji”t obtained by the SOWIA are given in

Table 12.

Table 12. Criteria weights and rankings calculated with the SOWIA for 0=0.4

C, C, Cs Cy Cs Ce G
VVjint 0,136 0,112 0,123 0,185 0,160 0,187 0,096
Rank 4 6 5 2 3 1 7

As seen in Table 12, the criterion with the highest importance according to the SOWIA was the penalty deadline
criterion(Cy), while the criterion with the lowest weight was the stock conversion ratio (C;).

Step 4. Comparison of criteria weights and rankings obtained from LBWA, CRITIC,
and SOWIA methods

In this step, the priority orders of the criteria obtained according to the criteria weights determined by the LBWA,
CRITIC, and SOWIA methods were compared. Thus, the criteria that should be taken into consideration first when
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determining the priority ranking of customer demands were determined. The comparison results are shown in
Table 13.

Table 13. Comparison of criteria weights and importance rankings

LBWA CRITIC SOWIA
Ranking Ranking Ranking

WLBWA WCRITIC WSOWIA

Cy 0,141 0,129 0,136 4 3 4
C; 0,103 0,127 0,112 5 4 6
Cs 0,094 0,166 0,123 6 2 5
Cy 0,226 0,125 0,185 1 5 2
Cs 0,188 0,119 0,160 2 6 3
Ce 0,161 0,225 0,187 3 1 1
C, 0,087 0,110 0,096 7 7 7

As seen in Table 13, according to the LBWA method, the most important criterion is the sales amount (C,), and
according to the CRITIC method, the most important criterion is the penalty deadline period(Cy). According to
the SOWIA method, the most important criterion is the (Cg), as in the CRITIC method. Whether the customer's
order quantity is large or small, failure to deliver the product within the specified deadline will penalize the
business. As long as the payment performance and sales price of customers with high sales volume are also good,
business profitability will increase. Paying attention to the priority order of the criteria, especially the (Cs) and
(C,) criteria, can determine which customer's demand should be met first.

5. Conclusion and Recommendations

Nowadays, with the increasing competition conditions, maintaining customer satisfaction and loyalty has become
very difficult. Businesses that want to increase customer satisfaction and therefore profitability need to determine
customers' production priorities correctly to meet customer orders on time and effectively. Multiple conflicting
criteria are effective in determining production priority. Because of this, the integrated weighting technique
established using MCDM methodologies was utilized to calculate the importance weights and, consequently, the
order of importance of the criteria to be employed in deciding the production priority. Which customer's request
will be prioritized can be ascertained by looking at this sequence.

The integrated approach proposed in the study was used to determine the production priorities of a company
operating in the ceramics industry. However, the proposed integrated weighting approach can also be applied to
different sectors. In future studies, the approach proposed in this study can be developed by using different MCDM
methods or various fuzzy-based MCDM methods in cases where information is incomplete and uncertain.
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