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The regularly assessment of the financial performance of firms in the real 
sector is highly essential, both in terms of increasing the level of operational 
efficiency and in terms of effectively managing potential risk factors and 
obtaining sustainable competitive advantage. This paper introduces a new 
decision algorithm for the assessment of firm performance. This decision 
algorithm consists of the integration of Logarithmic Percentage Change-
driven Objective Weighting (LOPCOW), Modified Standard Deviation (MSD), 
Compromise Ranking of Alternatives from Distance to Ideal Solution 
(CRADIS), Multi-Objective Optimization on the Basis of Simple Ratio Analysis 
(MOOSRA), Multi Atributive Ideal-Real Comparative Analysis (MAIRCA) and 
Borda Count methodologies. In order to test the presented decision-making 
procedure, a real-time case study was applied as part of the study. This case 
study is focused on analyzing the financial performance of 13 cement 
industry firms whose shares are listed on the Borsa Istanbul (BIST) for the 
year 2023. In the process of assessing the performance of these companies, 
10 performance indicators were selected with the help of previous 
literature. LOPCOW and MSD algorithms were applied to determine the final 
importance weights of these indicators, while CRADIS, MOOSRA, MAIRCA 
and Borda Count algorithms were employed to rank the firms. The findings 
of the final weighting algorithm indicate that the three most important 
performance indicators are total debt to total equity ratio, total debt to total 
assets ratio and cash ratio. Moreover, according to the final ranking results 
obtained based on the CRADIS, MOOSRA, MAIRCA and Borda Count 
algorithms, BUCIM is the most financially successful firm in 2023. 
Additionally, the findings of the robustness analyses also support the 
conclusion that the results obtained from the presented model are reliable 
and applicable. 
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1. Introduction 
 

The main purpose of economic policy in all developed and developing countries is to ensure a 
sustainable development environment with balanced growth and capital flows by achieving an 
optimal balance between the industrial, agricultural and service sectors. For countries, sustainable 
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economic growth and development is directly related to the steady increase in production capacity, 
infrastructure investment and construction activity. In this regard, industrial production and 
infrastructure investment are considered as the basic elements of economic growth and 
development [1]. Capital market volatility determines the strength of sectoral interactions by 
affecting both countries' investment policies and the performance of the real sector. The 
construction sector, which is one of the most crucial sectors within the real sector, has an extensive 
ecosystem that feeds many sectors in the real sector in terms of being both an indicator and a 
carrier of economic growth for national economies [2]. The cement sector is prominent as one of 
the most critical elements of this ecosystem. In addition to being one of the basic building blocks 
for the uninterrupted execution of construction activities, the cement sector is a strategic sector 
that is one of the most sensitive to fluctuations that may occur in the economy. Considered as one 
of the essential elements of infrastructure systems in the modern sense, the cement sector plays a 
very key role in the process of providing an environment for economic development and promoting 
the growth of various sectors [3]. 

Cement, one of the most widely utilized building materials worldwide, is essential for the 
construction of roads, bridges, buildings, dams and other structures that are important for 
urbanization and economic growth [4]. From the financial perspective, the cement sector is a 
capital-intensive sector that requires significant investments in terms of raw materials, production 
facilities, logistics and raw materials [5]. The fact that the sector requires high investments, on the 
one hand, makes it difficult to enter and exit the market and, on the other hand, increases the 
period of conversion of savings into investments. However, the sector is also critical to national 
economies in terms of the employment opportunities it provides and its increasing share in exports 
[6]. 

The cement sector has been shown to provide significant financial advantages to national 
economies, but it also leads to many environmental problems and concerns. The process of 
calcination and burning of fossil fuels in cement production leads to significant greenhouse gas 
emissions [7]. This impact gives rise to a number of serious environmental concerns, especially with 
regard to sustainability. However, the disposal of waste arising from cement production and the 
continuous decrease in raw material resources have also given rise to increased concerns about 
environmental sustainability. This has obliged producers to develop production processes based on 
more environmentally sound policies and the use of innovative technologies to decrease the 
environmental effects of cement [8]. In overcoming these challenges, firms in the cement sector 
have started to pay more and more attention to alternative raw materials, energy efficient 
technologies and environmentally sound policies to decrease the carbon footprint [9]. The 
decisions taken by the country management to regulate and supervise the cement sector is another 
dimension that significantly affects both the financial and environmental performance of this 
sector. In this context, various policy actions are being taken in most of the countries to promote 
sustainability policies and reduce air pollution [10]. The assessment of the financial performance of 
the cement sector has become a very essential issue in view of this process, which is quite complex 
for the relevant sector. 

The purpose of this study is to suggest a new integrated decision making algorithm for financial 
performance assessment in the cement industry. The suggested decision algorithm consists of the 
integration of CRADIS, MOOSRA, MAIRCA and Borda Counting procedures based on LOPCOW and 
MSD. Among these decision algorithms, LOPCOW and MSD are preferred in the process of 
determining the objective weight coefficients of the selected performance indicators. In addition, 
CRADIS, MOOSRA, MAIRCA and Borda Count were applied in the process of comparative ranking of 
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cement firms. The decision algorithm presented in this paper was tested by conducting a real-time 
case study. The financial data of 13 cement firms, whose shares are listed on the BIST, for the year 
2023 were utilized in this case study. The present case study makes several novel contributions to 
the existing literature: firstly, it combines the LOPCOW and MSD objective weighting algorithms for 
the cement sector sample; secondly, it applies the CRADIS, MOOSRA, MAIRCA and Borda Count 
procedures for the first time to the cement sector sample; and thirdly, it proposes the CRADIS, 
MOOSRA, MAIRCA and Borda Count algorithms based on the LOPCOW and MSD procedures as a 
new conceptual perspective for decision makers. 

The present case study is structured in five sections. In this context, the initial section gives an 
introduction and review of previous literature, while the second section includes a theoretical 
description of the suggested decision algorithm. The third section details the empirical findings 
based on the presented model, and the fourth section reports various sensitivity analyses. The final 
section of the paper assesses the findings and provides recommendations. 

 
1.1 Literature Review 
 
A review of the existing literature indicates that there are many studies that examine firm 

performance utilizing decision making methodologies. This section will summarize and give a 
chronological overview of some of these studies.   

Esbouei et al., [11] analyzed the performance of real sector firms listed in Tehran Stock 
Exchange for the period 2002-2011. The study introduces a conceptual framework integrating the 
Fuzzy ANP and Fuzzy VIKOR procedures to assess firm performance. 

Moghimi and Anvari [12] utilized the Fuzzy AHP and TOPSIS procedures to analyses the financial 
performance of seven firms in the cement sector, which are traded in Tehran Stock Exchange. 

Safaei Ghadikolaei et al., [13] conducted a similar analysis, examining the performance of real 
sector firms traded in Tehran Stock Exchange that produce automobile parts. In the research 
conducted for the period 2002-2011, an integrated decision-making model was proposed that 
included fuzzy AHP, TOPSIS and VIKOR procedures. 

 Tavana et al., [14] examined the performance of pharmaceutical firms traded on the Swiss 
Stock Exchange for the year 2014. Utilizing an integrated conceptual framework consisting of Fuzzy 
AHP, DEMATEL and Fuzzy DEA procedure, the study analyzed the performance of the firms. 

Shaverdi et al., [15] assessed the performance of 7 firms operating in the petrochemical 
industry in Iran for the period 2003-2013 in a study employing Fuzzy AHP and Fuzzy TOPSIS 
procedures. 

Anthony et al., [16] investigated the performance and efficiency of 7 firms in the chemical 
industry in India for the period 2010-2018 based on Entropy, TOPSIS, COPRAS and DEA 
methodology. 

Işık [17] applied Entropy-based TOPSIS decision procedures to test the relationship between 
financial performance and stock returns of real sector firms traded in the BIST-30 index for the 
period 2014-2017. 

In the study performed by Aydın [18] Entropy and MAUT algorithms were proposed to evaluate 
the relationship between financial performance and stock returns of firms whose shares are listed 
in the BIST chemical, petroleum, rubber and plastic products sector during the period 2015-2018. 

Deng et al., [19]  investigated the performance of nuclear energy firms in China. Within the 
scope of the assessment for the period 2007-2016, a decision model including AHP and 
PROMETHEE II methods was carried out. 
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Işık and Koşaroğlu [20] utilized the SD and MAUT methodologies to compare the financial 
performance of oil firms traded on the BIST for the period 2010-2019. 

Bozdoğan et al., [21] applied the CRITIC-based TOPSIS and ELECTRE procedures to compare the 
financial performance of 15 cement firms whose shares are listed on BIST for the period 2013-2022. 

Lukić et al., [22] employed AHP and TOPSIS methods to compare the performance of food retail 
companies in Serbia. In the context of the research, a decision-making tool was applied that 
included AHP and TOPSIS procedures for 2018. 

Akbulut [23] analyzed the relationship between financial performance and stock returns of 
cement firms whose shares are listed on BIST. The study encompassed the 2014-2018 period and 
included the CRITIC and MABAC decision procedures. 

In a study covering the period 2011-2015, Ban et al., [24] comparatively analyzed the 
performance of real sector firms whose stocks are listed on the Romanian Stock Exchange by means 
of Fuzzy AHP and TOPSIS procedures. 

Akbulut and Hepşen [25] utilized an integrated decision-making methodology comprising 
Entropy and CoCoSo algorithms to assess the relationship between financial performance and stock 
returns of firms whose stocks are listed in the BIST chemical, petroleum, rubber and plastic 
products sector for the period 2015-2019. 

Pala et al., [26] employed the LODECI and CRADIS methods to evaluate the financial 
performance of 16 firms operating in the BIST cement sector for the period 2020-2022. 

 
2. Methodological Framework 
 

In the present study, CRADIS, MOOSRA, MAIRCA and Borda Count decision-making algorithms 
based on LOPCOW and MSD procedures were applied to analyze the financial performance of 
cement firms. These decision algorithms employed LOPCOW and MSD algorithms to identify the 
objective weights of the assessment criteria. The CRADIS, MOOSRA, MAIRCA and Borda Count 
algorithms were preferred in the process of ranking the cement firms. The subsequent section is 
presenting the theoretical framework of these methodologies. The general framework of the 
decision algorithm proposed in the present paper is shown in Figure 1. 
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Figure 1 Steps of the proposed decision algorithm 

 

2.1 LOPCOW Algorithm 
 
The LOPCOW algorithm was first introduced in the literature by Ecer and Pamucar [27]. 

LOPCOW technique, which has low calculation time and strong calculation ability, directly includes 
indicators with negative values into the analysis without any transformation [28]. 

The application of the LOPCOW procedure consists of 4 steps. 
Step 1. The initial matrix for the solution of the decision problem is prepared in accordance with Eq. 
(1). 

𝑋 = [𝑥𝑖𝑗]𝑚×𝑛
= [

𝑥11 𝑥12 ⋯ 𝑥1𝑛

𝑥21 𝑥22 ⋯ 𝑥2𝑛

⋮
𝑥𝑚1

⋮ ⋯
𝑥𝑚2 ⋯

⋮
𝑥𝑚𝑛

]                                                                           (1) 

 
Step 2. The initial matrix is then normalized on the basis of the attributes of the assessment criteria. 
In this context, Eq. (2) is applied for beneficial criteria and Eq. (3) is applied for non-beneficial 
criteria. 
 

𝑟𝑖𝑗 =
𝑥𝑖𝑗−𝑚𝑖𝑛𝑖𝑗

𝑚𝑎𝑥𝑖𝑗−𝑚𝑖𝑛𝑖𝑗
                                                    (2) 

 

𝑟𝑖𝑗 =
𝑚𝑎𝑥𝑖𝑗−𝑥𝑖𝑗

𝑚𝑎𝑥𝑖𝑗−𝑚𝑖𝑛𝑖𝑗
                                                       (3) 

Step 3. The percentage values of the performance criteria are determined with the help of Eq. (4). 
The σ value in Eq. (4) represents the standard errors for the performance criteria and is calculated 
using Eq. (5). 
 

Determination of the research problem

Determining decision alternatives

Identification of financial performance indicators

Calculation of final importance weights for criteria with LOPCOW and 
MSD algorithms

Ranking of alternatives based on CRADIS-MOOSRA-MAIRCA algorithms

Aggregation of different ranking series applying the Borda Count procedure
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𝑃𝑉𝑖𝑗 = ||𝑙𝑛

⌈
⌈
⌈
⌈
 √∑ 𝑟𝑖𝑗

2𝑛
𝑖=1

𝑛

𝜎

⌉
⌉
⌉
⌉
 

|| × 100                                      (4) 

 

𝜎𝑗 = √
∑ ( 𝑣𝑖𝑗−𝑣𝑗̅̅ ̅)2𝑚

𝑖=1

𝑚
                           (5) 

 
Step 4. Objective weights for the performance criteria are calculated with Eq. (6). 
 

𝑤𝑗 =
𝑃𝑉𝑖𝑗

∑ 𝑃𝑉𝑖𝑗
𝑚
𝑗=1

;  ∑ 𝑤𝑗 = 1 𝑛
𝑗=1                                      (6) 

 
2.2 MSD Algorithm 

 
The MSD algorithm was introduced to the decision-making literature by Puška et al., [29] as a 

modified version of the SD algorithm. The MSD procedure has recently been employed by 
numerous researchers to calculate objective weight scores for performance indicators. The 
implementation process of this decision-making algorithm consists of 6 steps [30]- [31]. 
Step 1. The initial matrix is prepared as given in Eq. (1). 
Step 2. The beneficial criteria in the initial matrix are normalized by Eq. (7) and the non-beneficial 
criteria are normalized by Eq. (8).  

𝑟𝑖𝑗 =
𝑥𝑖𝑗

𝑚𝑎𝑥𝑖𝑗
                                                                                                        (7) 

 

𝑟𝑖𝑗 =
𝑚𝑖𝑛𝑖𝑗

𝑥𝑖𝑗
                                                                             (8) 

 
Step 3. The standard error values for the performance criteria are determined by means of Eq. (5). 
Step 4. The column totals (∑ 𝑦𝑖𝑗

𝑛
𝑗 ) are obtained for the performance criteria. 

Step 5. The corrected values for the standard error values are obtained by applying Eq. (9). 
 

𝜎′ =
𝜎

∑ 𝑦𝑖𝑗
𝑛
𝑗

                                         (9) 

 
Step 6. Objective weight scores are determined for the performance indicators with Eq. (10). 
 

𝑤𝑗 =
𝜎𝑗

′

∑ 𝜎𝑗
′𝑛

𝑗=1

                                                    (10) 

 
2.3 Final Weighting Algorithm 
 

In this section, the importance weights of the criteria, obtained based on the LOPCOW and MSD 
algorithms, are integrated with the help of Eq. (11) to obtain the final weight value for each 

performance indicator [32], [33], [34]. wj
LOPCOW and wj

MSD represent the weight coefficients 

derived from the LOPCOW and MSD algorithms, respectively. 
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𝑤𝑗
𝐹𝐼𝑁𝐴𝐿 =

𝑤𝑗
𝐿𝑂𝑃𝐶𝑂𝑊×𝑤𝑗

𝑀𝑆𝐷

∑ 𝑤𝑗
𝐿𝑂𝑃𝐶𝑂𝑊×𝑤𝑗

𝑀𝑆𝐷𝑛
𝑗=1

                                                  (11) 

 
In the assessment of the findings in terms of the final weighting values, the performance indicator 
with the highest 𝑤𝑗 value is regarded as the most important. 

 
2.4 CRADIS Algorithm 

 
The CRADIS algorithm, which was developed in the decision-making literature by Puška et al., 

[30], is utilized in the process of ranking decision alternatives in terms of ideal and anti-ideal values. 
This decision-making approach is derived from the integration of ARAS, MARCOS and TOPSIS 
algorithms [35]. In this context, the CRADIS algorithm offers an innovative and reliable perspective 
to decision makers and practitioners with its simplicity, flexibility and consistency features [36]. The 
application process of the CRADIS algorithm consists of the following 8 steps. 
Step 1. The initial matrix is constructed by Eq. (1). 
Step 2. The values the initial matrix are normalized based on Eq. (7) and Eq. (8). 
Step 3. The final importance weights obtained for the performance indicators are integrated into 
the CRADIS procedure at this stage and the weighted normalized matrix is produced with the help 
of Eq. (12). 
 
𝑦𝑖𝑗 = 𝑟𝑖𝑗 × 𝑤𝑗                                                              (12) 

Step 4. The determination of ideal and anti-ideal solution points for the performance criteria is 
obtained by means of Eqs. (13) and (14), respectively. 
 
𝑏𝑖 = 𝑚𝑎𝑥𝑦𝑖𝑗                                     (13) 

 
𝑏𝑎𝑖 = 𝑚𝑖𝑛𝑦𝑖𝑗                                      (14) 

 
Step 5. Finally, deviation values from the ideal and anti-ideal solution points are calculated by using 
Eqs. (15-16). 
 
𝑑+ = 𝑏𝑖 − 𝑦𝑖𝑗                                     (15) 

𝑑− = 𝑦𝑖𝑗 − 𝑏𝑎𝑖                                    (16) 

 
Step 6. The degree of deviation from the ideal and anti-ideal solution points for decision 
alternatives is calculated based on Eqs. (17-18). 
 
𝑠𝑖

+ = ∑ 𝑑+𝑛
𝑗=1                                      (17) 

𝑠𝑖
− = ∑ 𝑑−𝑛

𝑗=1                                      (18) 

 
Step 7. The utility functions of the decision alternatives are calculated via Eqs. (19) and (20).  
 

𝐾𝑖
+ =

𝑠0
+

𝑠𝑖
+                                        (19) 
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𝐾𝑖
− =

𝑠𝑖
−

𝑠0
−                                                   (20) 

 
In these equations, 𝑠0

+ ve 𝑠0
− values indicate the optimum alternative closest to the ideal solution 

point and the optimum alternative furthest from the anti-ideal solution point, respectively. 
Step 8. In the final step of the CRADIS algorithm, the ranking coefficients for the alternatives are 
calculated applying Eq. (21). 
 

𝑄𝑖 =
𝐾𝑖

++𝐾𝑖
−

2
                                      (21) 

 
When assessing the alternatives, the alternative with the highest 𝑄𝑖 value is considered to be the 
most successful. 
 
2.5 MOOSRA Algorithm 

 
The MOOSRA algorithm is a decision-making procedure that has been developed in the 

literature by Das et al., [37]. This procedure is utilized in the process of ranking decision 
alternatives. The application process of this decision-making algorithm is comprised of 4 steps [38]. 
Step 1. The initial matrix is built as reported in Eq. (1). 
Step 2. The initial matrix is normalized according to Eq. (22). 
 

𝑟𝑖𝑗 =
𝑥𝑖𝑗

√∑ (𝑥𝑖𝑗)
2𝑚

𝑖=1

                                          (22) 

 
Step 3. Utilizing the importance weights for the performance indicators, a weighted normalized 
matrix is created in Eq. (12). 
Step 4. The performance scores for the decision alternatives are calculated using Eq. (23). 
 

𝑆𝑖 =
∑ 𝑤𝑗×𝑟𝑖𝑗

𝑏
𝑗=1

∑ 𝑤𝑗×𝑟𝑖𝑗
𝑛
𝑗=𝑏+1

                                                              (23) 

 
The values b and b+1 in the equation represent the number of beneficial and non-beneficial criteria 
respectively. The alternative with the highest 𝑆𝑖 value as a consequence of the calculations is also 
considered to be the most successful. 
 
2.6 MAIRCA Algorithm 

 
The MAIRCA algorithm, which was introduced to the decision-making literature by Pamučar et 

al., [39], is preferred in the process of ranking decision alternatives. The MAIRCA approach differs 
from other decision-making methodologies in that it allows the identification of the points where 
the alternatives are closest to the ideal scores [40], [41]. The application process of this approach 
consists of the following 6 steps. 
Step 1. The initial matrix shown in Eq. (1) is prepared.  
Step 2. Preference probability values for the alternatives are obtained with the help of Eq. (24). 
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𝑃𝐵𝑖 =
1

𝑚
; ∑ 𝑃𝐵𝑖 = 1𝑚

𝑖=1                                                                        (24)  

 
Step 3. Within the scope of Eq. (25), the theoretical assessment matrix is created by integrating 
criterion importance weights and preference probability values. 
 

𝐾𝑝  =

[
⌈
⌈
 
𝑘𝑝11 𝑘𝑝12 ⋯ 𝑘𝑝1𝑛

𝑘𝑝21 𝑘𝑝22 ⋯ 𝑘𝑝2𝑛

⋮ ⋮ ⋱ ⋮
𝑘𝑝𝑚1 𝑘𝑝𝑚2 ⋯ 𝑘𝑝𝑚𝑛]

⌉
⌉
 

=[

𝑃𝐵1𝑤1 𝑃𝐵1𝑤2 ⋯ 𝑃𝐵1𝑤𝑛

𝑃𝐵2𝑤1 𝑃𝐵2𝑤2 ⋯ 𝑃𝐵2𝑤𝑛

⋮ ⋮ ⋱ ⋮
𝑃𝐵𝑚𝑤1 𝑃𝐵1𝑤2 ⋯ 𝑃𝐵𝑚𝑤𝑛

]                                              (25) 

 
Step 4. The actual assessment matrix is constructed by considering the attributes of the 
performance criteria. Accordingly, Eq. (26) is used for beneficial criteria and Eq. (27) for non-
beneficial criteria. 
 

𝑘𝑟𝑖𝑗=𝑘𝑝𝑖𝑗 =
𝑑𝑖𝑗−𝑑𝑖

−

𝑑𝑖
+−𝑑𝑖

−                                               (26) 

 

𝑘𝑟𝑖𝑗=𝑘𝑝𝑖𝑗 =
𝑑𝑖𝑗−𝑑𝑖

+

𝑑𝑖
−−𝑑𝑖

+                                               (27) 

 
The following values are indicated: 𝑑𝑖

+ = 𝑚𝑎𝑘(𝑑1, … , 𝑑𝑚) and 𝑑𝑖
− = 𝑚𝑖𝑛(𝑑1, … , 𝑑𝑚) 

Step 5. Utilizing the Eqs. (28-29), the values for the total gap matrix are calculated. 

𝐹 = 𝐾𝑝 − 𝐾𝑟 = [

𝑓11 𝑓12 ⋯ 𝑓1𝑛

𝑓21 𝑓22 ⋯ 𝑓2𝑛

⋮ ⋮ ⋱ ⋮
𝑓𝑚1 𝑓𝑚2 ⋯ 𝑓𝑚𝑛

] =

[
⌈
⌈
 
𝑘𝑝11 − 𝑘𝑟11 𝑘𝑝12 − 𝑘𝑟12 ⋯ 𝑘𝑝1𝑛 − 𝑘𝑟1𝑛

𝑘𝑝21 − 𝑘𝑟21 𝑘𝑝22 − 𝑘𝑟22 ⋯ 𝑘𝑝2𝑛 − 𝑘𝑟2𝑛

⋮ ⋮ ⋱ ⋮
𝑘𝑝𝑚1 − 𝑘𝑟𝑚1 𝑘𝑝𝑚2 − 𝑘𝑟𝑚2 ⋯ 𝑘𝑝𝑚𝑛 − 𝑘𝑟𝑚𝑛]

⌉
⌉
 

      

(28) 
 

𝑓𝑖𝑗 = {
0,                     𝑖𝑓        𝑘𝑝𝑖𝑗 = 𝑘𝑟𝑖𝑗

𝑘𝑝𝑖𝑗 − 𝑘𝑟𝑖𝑗 ,      𝑖𝑓          𝑘𝑝𝑖𝑗 > 𝑘𝑟𝑖𝑗
                                                                  (29) 

 
Step 6. Finally, the assessment scores for the decision alternatives are derived with Eq. (30) in the 
last step of the MAIRCA approach. 
 
𝑈𝑖 = ∑ 𝑓𝑖𝑗

𝑛
𝑗=1                                                   (30) 

 
As a consequence, the alternative with the lowest 𝑈𝑖 value is regarded as the most successful. 
 
2.7 Borda Count Algorithm 

 
In order to integrate the ranking results based on different decision procedures, the Borda 

Count methodology, introduced in the literature by Jean-Charles de Borda [42], is employed in the 
present case study. The Borda Count methodology is a data combining operator that allows the 
integration of different rank series to obtain a single rank series. According to the Borda Counting 
procedure, the most unsuccessful alternative in the ranking is assigned a point value of 0, the next 
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alternative is assigned a point value of 1, and the most successful alternative is assigned a point 
value of (m-1), where m= number of alternatives. The Borda scores of the alternatives are then 
summed up at the final stages and a total Borda score is obtained for each decision alternative. The 
alternative with the highest (lowest) Borda score is considered as the most successful (least 
successful) alternative in the ranking [41].  
 
3. Sample, Data, and Findings  

 
In this paper, an integrated decision algorithm is proposed to assess the financial performance 

of firms. The suggested decision algorithm is tested in the process of assessing the financial 
performance of 13 cement firms (AFYON-CF1, AKCNS-CF2, BASCM-CF3, BTCIM-CF4, BSOKE-CF5, 
BUCIM-CF6, CMENT-CF7, CIMSA-CF8, GOLTS-CF9, KONYA-CF10, NIBAS-CF11, NUHCM-CF12, OYAKC-
CF13) whose stocks are listed on BIST for 2023. In order to analyze the financial performance of the 
cement firms studied in the research, 10 performance indicators were chosen, taking into account 
the previous literature. The details of the performance indicators obtained from the Refinitiv Eikon 
database are presented in Table 1. 

 
Table 1 Chosen Performance Criteria 

 
Financial Performance Indicators Code Qualification 

Current Ratio P1 Max. 
Cash Ratio P2 Max. 
Return on Assets P3 Max. 
Return on Equity P4 Max. 
Total Debt / Total Equity P5 Min. 
Total Debt / Total Assets P6 Min. 
Receivable Turnover Rate P7 Max. 
Inventory Turnover Rate P8 Max. 
Market Value / Book Value P9 Max. 
Price-Earnings Ratio P10 Max. 

 
3.1 Results of LOPCOW Algorithm 
 

The analysis process of the present case study begins with the weighting of the chosen 
performance indicators within the framework of the LOPCOW algorithm. In this context, the initial 
matrix was first created in the LOPCOW algorithm. The initial matrix prepared within the scope of 
Eq. (1) is reported in Table 2. 

 
Table 2 Initial Matrix 

 

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 

CF1 1.9560 0.5270 0.1852 0.2172 0.1728 0.1473 6.7310 9.1846 0.9717 4.4737 

CF2 1.4495 0.5444 0.1051 0.1494 0.4214 0.2964 7.4637 11.7344 1.7160 11.4890 

CF3 1.6566 0.2727 0.1670 0.2229 0.3346 0.2507 5.4916 11.0184 1.8538 5.8142 

CF4 1.1908 0.0860 0.1025 0.1859 0.7038 0.3881 8.9780 10.6129 2.6703 11.4445 

CF5 0.6284 0.0083 0.0859 0.1994 1.3207 0.5691 8.9115 5.4652 1.0529 5.2813 

CF6 3.5900 0.8575 0.1351 0.1845 0.1894 0.1387 6.0728 6.5480 1.0337 5.7116 

CF7 1.9018 0.6327 0.0458 0.0817 0.4475 0.2508 6.4878 8.8275 2.0026 19.8526 

CF8 1.3615 0.7105 0.0697 0.1441 0.8054 0.3895 8.2403 9.0216 1.2988 11.1380 
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CF9 1.1464 0.0502 0.2067 0.2909 0.3500 0.2487 7.2184 9.8424 0.7688 2.7407 

CF10 1.4238 0.2120 0.1622 0.2381 0.4682 0.3189 7.6940 7.0594 12.2317 51.3714 

CF11 2.3465 0.7733 0.0587 0.0696 0.1856 0.1565 4.0413 10.8300 1.7465 25.1003 

CF12 2.7360 1.4280 0.0931 0.1305 0.4016 0.2865 9.6233 10.1446 3.0078 23.0438 

CF13 2.2215 0.8756 0.1997 0.2649 0.3266 0.2462 8.2669 7.5362 2.0960 7.9123 

 

The results of the LOPCOW algorithm, obtained by applying Eqs. (2-6), are shown in Table 3. 
 

Table 3 Findings of LOPCOW Algorithm 
 

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 

𝛔 0.2622 0.2877 0.3418 0.3001 0.2754 0.2729 0.2794 0.3053 0.2617 0.2735 

𝐏𝐕𝐢𝐣 59.121 47.721 54.312 67.266 104.835 96.054 83.902 74.739 11.339 25.739 

𝐰𝐣 0.0946 0.0763 0.0869 0.1076 0.1677 0.1537 0.1342 0.1196 0.0181 0.0412 

Ranking 6 8 7 5 1 2 3 4 10 9 

 

3.2 Results of MSD Procedure 
 

In the second section of the assessment process, objective weight coefficients were calculated 
for the chosen financial performance indicators based on the MSD algorithm. Eqs. (7-10) were 
employed in the process of determining the criteria weights according to the MSD methodology. 
The findings arrived at by applying these equations are displayed in Table 4. 

 
 

Table 4 Findings of MSD Algorithm 

 

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 

𝛔 0.2163 0.2860 0.2661 0.2283 0.2787 0.2340 0.1621 0.1631 0.2453 0.2589 

𝐰𝐣 0.0775 0.1380 0.0802 0.0658 0.1000 0.0745 0.0386 0.0383 0.2179 0.1691 

Ranking 6 3 5 8 4 7 9 10 1 2 

 

3.3 Results of Final Weighting Algorithm 
 

In this section of the implementation procedure, the objective importance weights of the 
performance indicators are derived by means of the LOPCOW and MSD methodologies and 
combined in accordance with Eq. (11). The final criteria weights calculated for each performance 
indicator are shown in Table 5. 
 

Table 5 Findings of Final Weighting 

 

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 

𝐰𝐣
𝐋𝐎𝐏𝐂𝐎𝐖  0.0946 0.0763 0.0869 0.1076 0.1677 0.1537 0.1342 0.1196 0.0181 0.0412 

𝐰𝐣
𝐌𝐒𝐃  0.0775 0.1380 0.0802 0.0658 0.1000 0.0745 0.0386 0.0383 0.2179 0.1691 

𝐰𝐣
𝐅𝐈𝐍𝐀𝐋  0.0907 0.1303 0.0862 0.0876 0.2075 0.1417 0.0641 0.0566 0.0489 0.0862 

Ranking 4 3 6 5 1 2 8 9 10 7 

 

The findings regarding the final importance weights given in Table 5 indicate that the three 
performance indicators that most affect the financial performance of cement industry firms in 2023 
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are P5 (total debt to total equity), P6 (total debt to total assets) and P2 (cash ratio), respectively. 
Conversely, the three indicators with the least impact on firm performance during the analysis 
period are P9 (market value to book value ), P8 (inventory turnover ratio) and P7 (receivables 
turnover ratio), respectively. 
 

3.4 Results of CRADIS Algorithm 
 

The present section of the research deals with the calculation of the success rankings of the 
cement firms for the period 2023 based on the CRADIS algorithm, considering the final importance 
weights of the performance indicators. To this end, the relevant Eqs. (12-21) were applied to the 
initial matrix. The results of these calculations are reported in Table 6, together with the CRADIS 
firms performance rankings. 

 

Table 6 Findings of CRADIS Algorithm 

 

 𝐒𝐢
+ 𝐊𝐢

+ 𝐒𝐢
− 𝐊𝐢

− 𝐐𝐢 Ranking 

CF1 1.3937 0.7717 0.6742 0.6793 0.7255 2 

CF2 1.6164 0.6653 0.4515 0.4549 0.5601 9 

CF3 1.5794 0.6809 0.4885 0.4922 0.5866 7 

CF4 1.6963 0.6340 0.3716 0.3745 0.5042 12 

CF5 1.8024 0.5967 0.2654 0.2675 0.4321 13 

CF6 1.3777 0.7806 0.6902 0.6954 0.7380 1 

CF7 1.6403 0.6557 0.4276 0.4309 0.5433 10 

CF8 1.6864 0.6377 0.3814 0.3844 0.5110 11 

CF9 1.5833 0.6792 0.4845 0.4882 0.5837 8 

CF10 1.5222 0.7065 0.5457 0.5499 0.6282 6 

CF11 1.4531 0.7401 0.6148 0.6195 0.6798 3 

CF12 1.4762 0.7286 0.5917 0.5962 0.6624 5 

CF13 1.4736 0.7298 0.5943 0.5988 0.6643 4 

𝐒𝟎
+ 1.0755 𝐒𝟎

− 0.9924    
 
3.5 Results of MOOSRA Algorithm 
 

At this phase in the research, the financial success rankings of the cement industry firms 
examined in the framework of the current study were based on the MOOSRA methodology. Eqs. 
(22-23) were used with the initial matrix to perform the calculations related to the MOOSRA 
procedure. The outcome is displayed in Table 7. 

 
Table 7 Findings of MOOSRA Algorithm 

 

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 ∑𝐦𝐚𝐱𝐢𝐣  ∑𝐦𝐢𝐧𝐢𝐣  𝐒𝐢 Ranking 

CF1 0.0251 0.0286 0.0328 0.0272 0.0177 0.0190 0.0160 0.0156 0.0035 0.0056 0.1544 0.0367 4.2059 2 

CF2 0.0186 0.0296 0.0186 0.0187 0.0433 0.0382 0.0178 0.0199 0.0061 0.0143 0.1436 0.0814 1.7639 10 

CF3 0.0212 0.0148 0.0296 0.0280 0.0343 0.0323 0.0131 0.0187 0.0066 0.0073 0.1392 0.0666 2.0891 7 

CF4 0.0153 0.0047 0.0181 0.0233 0.0722 0.0500 0.0214 0.0180 0.0095 0.0143 0.1246 0.1222 1.0191 12 

CF5 0.0081 0.0005 0.0152 0.0250 0.1356 0.0733 0.0212 0.0093 0.0037 0.0066 0.0895 0.2088 0.4287 13 

CF6 0.0460 0.0466 0.0239 0.0231 0.0194 0.0179 0.0144 0.0111 0.0037 0.0071 0.1760 0.0373 4.7192 1 

CF7 0.0244 0.0344 0.0081 0.0102 0.0459 0.0323 0.0154 0.0150 0.0071 0.0248 0.1395 0.0782 1.7827 9 
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CF8 0.0175 0.0386 0.0123 0.0181 0.0827 0.0502 0.0196 0.0153 0.0046 0.0139 0.1399 0.1328 1.0534 11 

CF9 0.0147 0.0027 0.0366 0.0365 0.0359 0.0320 0.0172 0.0167 0.0027 0.0034 0.1305 0.0680 1.9205 8 

CF10 0.0182 0.0115 0.0287 0.0299 0.0481 0.0411 0.0183 0.0120 0.0435 0.0641 0.2262 0.0891 2.5384 6 

CF11 0.0301 0.0420 0.0104 0.0087 0.0191 0.0202 0.0096 0.0184 0.0062 0.0313 0.1568 0.0392 3.9983 3 

CF12 0.0351 0.0776 0.0165 0.0164 0.0412 0.0369 0.0229 0.0172 0.0107 0.0288 0.2251 0.0781 2.8818 5 

CF13 0.0285 0.0476 0.0353 0.0332 0.0335 0.0317 0.0197 0.0128 0.0075 0.0099 0.1944 0.0652 2.9803 4 

 

3.6 Results of MAIRCA Algorithm 
 

Another decision-making procedure utilized in calculating the financial performance rankings of 
firms in the cement industry is the MAIRCA methodology. This procedure involved the use of Eqs. 
(24-30) to rank the respective firms. MAIRCA method results obtained as a result of the 
assessments are given in Table 8. 

 

Table 8 Findings of MAIRCA Algorithm 

 

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 𝐔𝐢  Ranking 

CF1 0.0039 0.0064 0.0009 0.0022 0.0000 0.0002 0.0026 0.0018 0.0037 0.0064 0.0280 4 

CF2 0.0050 0.0062 0.0042 0.0043 0.0035 0.0040 0.0019 0.0000 0.0035 0.0054 0.0380 9 

CF3 0.0046 0.0082 0.0016 0.0021 0.0023 0.0028 0.0037 0.0005 0.0034 0.0062 0.0353 8 

CF4 0.0057 0.0095 0.0043 0.0032 0.0074 0.0063 0.0006 0.0008 0.0031 0.0054 0.0463 11 

CF5 0.0070 0.0100 0.0050 0.0028 0.0160 0.0109 0.0006 0.0044 0.0037 0.0063 0.0666 13 

CF6 0.0000 0.0040 0.0029 0.0032 0.0002 0.0000 0.0031 0.0036 0.0037 0.0062 0.0271 3 

CF7 0.0040 0.0056 0.0066 0.0064 0.0038 0.0028 0.0028 0.0020 0.0034 0.0043 0.0417 10 

CF8 0.0053 0.0051 0.0056 0.0045 0.0088 0.0064 0.0012 0.0019 0.0036 0.0055 0.0478 12 

CF9 0.0058 0.0097 0.0000 0.0000 0.0025 0.0028 0.0021 0.0013 0.0038 0.0066 0.0346 7 

CF10 0.0051 0.0086 0.0018 0.0016 0.0041 0.0046 0.0017 0.0032 0.0000 0.0000 0.0308 5 

CF11 0.0029 0.0046 0.0061 0.0067 0.0002 0.0005 0.0049 0.0006 0.0034 0.0036 0.0336 6 

CF12 0.0020 0.0000 0.0047 0.0049 0.0032 0.0037 0.0000 0.0011 0.0030 0.0039 0.0265 2 

CF13 0.0032 0.0039 0.0003 0.0008 0.0021 0.0027 0.0012 0.0029 0.0033 0.0059 0.0264 1 

 
3.7 Results of Borda Count Algorithm 

 
In this section of the present case analysis, the Borda Counting methodology was utilized to 

aggregate the different success rankings obtained within the CRADIS, MOOSRA and MAIRCA 
procedures. The fundamental objective of the Borda Counting procedure is to identify the most 
financially successful alternative by objectively ranking the decision alternatives. The Borda 
Counting algorithm is predicated on the following methodology: the lowest ranked alternative is 
given a point value of 0 and the highest ranked alternative is given a point value of m-1 (m=number 
of alternatives) to calculate the final ranking of the cement firms. In the end stage of the decision 
process, the Borda scores were summed up and the total Borda score was calculated for each 
alternative. The results of the calculation of the Borda Counting algorithm are reported in Table 9. 

 
Table 9 Findings of Borda Count Algorithm 

 

 

CRADIS 
Ranking 

Borda 
Point 

MOOSRA 
Ranking 

Borda 
Point 

MAIRCA 
Ranking 

Borda 
Point 

Total Borda 
Point 

Ranking 

CF1 (AFYON) 2 11 2 11 4 9 31 2 
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CF2 (AKCNS) 9 4 10 3 9 4 11 9 

CF3 (BASCM) 7 6 7 6 8 5 17 7 

CF4 (BTCIM) 12 1 12 1 11 2 4 12 

CF5 (BSOKE) 13 0 13 0 13 0 0 13 

CF6 (BUCIM) 1 12 1 12 3 10 34 1 

CF7 (CMENT) 10 3 9 4 10 3 10 10 

CF8 (CIMSA) 11 2 11 2 12 1 5 11 

CF9 (GOLTS) 8 5 8 5 7 6 16 8 

CF10 (KONYA) 6 7 6 7 5 8 22 6 

CF11 (NIBAS) 3 10 3 10 6 7 27 4 

CF12 (NUHCM) 5 8 5 8 2 11 27 4 

CF13 (OYAKC) 4 9 4 9 1 12 30 3 

 
The financial success rankings of the cement firms whose shares are listed on BIST, as shown in 
Table 9, indicate that CF6 (BUCIM), CF1 (AFYON) and CF13 (OYAKC) are the three firms that will be 
more financially successful than other firms in 2023. On the other hand, CF5 (BSOKE), CF4 (BTCIM) 
and CF8 (CIMSA) are the three firms that will be financially more less successful than other cement 
firms in the same period. 
 
4. Sensitivity Analysis 
 

This section involves the implementation of various sensitivity analyses, with the objective of 
assessing the reliability of the proposed decision algorithm, in line with the scope of the study. In 
the initial stage of the sensitivity analyses, the impact of changing the weight coefficients on the 
final ranking is examined. In the subsequent stage, the impact of reversing the ranking on the final 
ranking was examined. 
 
4.1 Assessment of the Effect of Changes in Final Criterion Weights on the Ranking of Alternatives  

 
In any decision-making analysis, testing the validity of weighting and ranking results through 

various scenarios is of great importance for the reliability and effectiveness of the analysis results. A 
number of approaches have been applied in the literature to check the weights of the criteria [43], 
[44], [33]. In the current work, in order to investigate the effect of criterion weight values on the 
first ranking results, 20 scenarios were formed in which the most effective criterion was decreased 
by 2% in each scenario and the other 9 criteria were increased proportionally. Afterwards, the 
computed weight values were imported into the CRADIS, MOOSRA and MAIRCA methodologies, 
respectively, and the new rankings obtained were combined according to the Borda counting 
procedure. The ranking results obtained under 20 different scenarios are present in Figure 2. The 
findings of Figure 2 indicate that there are no important changes in the final rankings of the cement 
firms. 
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Figure 2 Analysis of the effect of changes in the weighting of criteria on the ranking of firms  

 
4.2 Analyzing the Effect of Ranking Reversal on Final Ranking 
 

In the second and final section of the sensitivity analysis, the effect of the ranking reversal 
phenomenon on the final ranking, as recommended by Zolfani et al., [45], was analyzed. In this 
context, considering the ranking results obtained from the Borda Count procedure, the most 
unsuccessful cement firm in terms of financial performance was excluded from the analysis in each 
scenario until the most successful firm remained. The results of 13 different scenarios are 
illustrated in Figure 3. The findings of Figure 3 demonstrate that the elimination of the most 
successful company from the study does not lead to significant changes in the final ranking. 
 

 
 

Figure 3 Ranking of findings based on excluding the best alternative from the assessment 
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5. Conclusions 
 
The cement industry, which is one of the main components of the economic development of 

countries, is of strategic importance for the implementation of infrastructure projects, the 
satisfaction of real estate requirements and industrial investments. Given the capital-intensive 
nature of the cement industry, its significant energy consumption, its dependence on natural 
resources and its detrimental impact on the environment, the financial performance assessments 
to be conducted for this sector are critical to the sustainability and competitive advantage of firms. 
The performance measurements to be performed for the industry in question help internal and 
external stakeholders to implement more successful policies on issues such as liquidity, 
profitability, market success, cost efficiency and debt management. Given the cement sector's 
vulnerability to economic changes, economic fluctuations, abrupt changes in exchange rates and 
significant regulatory constraints, performance measurement becomes an even more important 
issue for the sector. The regular, objective assessment of financial performance will help both 
internal and external stakeholders to make more informed decisions, optimize resource costs and 
achieve a sustainable competitive advantage in the sector. In light of the aforementioned reasons, 
this research presents a new integrated decision making algorithm to decision makers for the 
comparative assessment of firm performance. The decision-making algorithm proposed consists of 
the integration of LOPCOW, MSD, CRADIS, MOOSRA, MAIRCA and Borda Counting techniques.  Of 
these, LOPCOW and MSD procedures are preferred for the objective weighting of the performance 
indicators chosen to assess the firm's performance. The CRADIS, MOOSRA, MAIRCA and Borda 
Count approaches were applied to rank the decision alternatives analyzed in the research. In order 
to test the effectiveness and applicability of the integrated algorithm presented for decision makers 
in the present paper, a real-time case study was executed. The focus of this case study is the 
financial performance of 13 cement firms whose stocks are listed on the BIST for the year 2023. 

In the first part of the analysis process, the final criteria weights calculated within the 
framework of the LOPCOW and MSD algorithms show that the three performance criteria that have 
the most significant impact on the financial performance of cement firms in 2023 are ratio of total 
debt to total equity, ratio of total debt to total assets and cash ratio. On the other hand, it is found 
that the three performance criteria that have the least impact on the financial performance of 
cement firms in the same period are market value to book value ratio, inventory turnover ratio and 
receivables turnover ratio. 

In the second section of the assessment process, CRADIS, MOOSRA and MAIRCA algorithms 
were employed to identify the cement firms' performance rankings. The different ranking results 
obtained by these decision algorithms were integrated using the Borda counting algorithm. This 
approach yielded a more objective financial success ranking for each firm. The empirical findings 
obtained according to the Borda Counting procedure indicate that BUCIM is the most financially 
successful cement industry company in 2023. Nevertheless, the findings indicated that this firm is 
followed by AFYON > OYAKC > NUHCM = NIBAS > KONYA > BASCM > GOLTS > AKCNS > CMENT > 
CIMSA > BTCIM > BSOKE, respectively. 

The current paper proposes a structured conceptual framework that can support data-driven 
decision making for both internal and external stakeholders and other interest groups. The 
empirical findings of this paper provide important insights for investors, firm managers, decision 
makers, policy makers, financial analysts, etc. The empirical findings of this paper provide important 
insights for investors, firm managers, decision makers, policy makers, financial analysts, etc. For 
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investors, by applying the data obtained from the study, investors can make more informed 
investment decisions. The decision algorithm suggested in the research will allow investors to 
include more financially strong firms in their existing portfolios. This approach enables the 
optimization of portfolios and the balancing of risk and return. With regard to the role of firm 
managers and the decision-making processes within firms, the study's findings can serve as a guide 
for these mechanisms in the identification of firms' strengths and weaknesses. Furthermore, the 
findings of the study can be utilized in developing new financial strategies, increasing the efficiency 
level of the firm and monitoring the practices of leading firms in the industry. In addition, firms with 
lower financial performance in comparison to other firms can use the results of the study to make 
improvements in various areas such as profitability, leverage, liquidity and market performance and 
help the firm to gain a sustainable competitive advantage in the sector. Consequently, the findings 
of the present case study can be utilized as a reference point for assessing the performance of the 
industry and in the process of identifying the current situation of the firms by financial analysts and 
researchers. 

In the end, the study, which focuses on analyzing the financial performance of firms in the BIST 
cement industry, has some limitations. These limitations are as follows: the dataset preferred, the 
time period of analysis and the sample in the current case study. Additionally, the exclusive 
utilization of objective weighting algorithms and classical ranking algorithms in the study can be 
described as a limitation. Thus, taking into account these issues, the existing literature can be 
enriched by selecting different time periods, different industries and different samples in future 
studies. The incorporation of subjective weighting algorithms, fuzzy sets and decision-making 
procedures based on grey system theory has the potential to further contribute to the existing 
literature. 
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