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A R T I C L E  I N F O  A B S T R A C T 

The analysis of financial ratios is one of the methods of examining the state of 

companies, which expresses the relationships between the items in the financial 

statements. The study of financial ratios helps us to get a comprehensive and correct 

understanding of the performance and financial status of companies and to benefit from 

them when investing and checking the efficiency of companies. Since many current 

phenomena in finance and the economy are ambiguous, they are treated as if they are 

clear, so this article, using Neutrosophic, examines the selection of a company for 

investment using financial ratios in the Neutrosophic environment. Where verbal 

judgments (qualitatively) are used for decision-making, the proposed approach will 

perform better than previous approaches. To rank the options in this research, eight 

financial ratios widely used in investment analysis are considered indicators of the 

problem. Then, ranking the alternatives is done by defining the ideal option (with the 

best performance in all indicators) and applying the known criterion of similarity. A 

numerical example is operated to understand the proposed approach better, and the 

results are presented. 
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1. Introduction 

The higher returns of the stock market in the past long periods compared to other markets have made this 

market one of the suitable investment options [25]. Analysis of financial statements can be used to evaluate the 

performance and predict the future of companies [11]. There are different approaches to achieving this goal [16, 

36]. Some believe that horizontal and vertical analyzes of financial statements depict a definite trend in a 

company's financial situation and provide appropriate information about the activities of the company in 

question [13]. Another approach is to use financial statements for short-term and long-term evaluations of a 

company's situation, which is critical to focus on parts of the financial statements according to each type of 

evaluation [18, 38]. 
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For this reason, a different category can be assigned to the analysis of financial statements [20, 28]. Using 

financial ratio analysis techniques, a better understanding of the financial situation of companies can be 

obtained. Usually, the calculation of financial ratios is straightforward, but the analysis of these ratios is 

essential [8, 22]. Analyzing financial statements using some ratios is actually an effort to evaluate the strengths 

and weaknesses of a company by examining the figures stated in the reports. Some ratios may be used more 

according to the view and interests of CEOs of companies [14]. 

But it should be noted that when a particular ratio is calculated, this ratio is related to other ratios of the 

company in question. In addition, it was compared to the same ratio last year and with similar ratios in 

competing companies [29]. These comparisons show the trend of the company's situation during different 

periods as well as the strength of the company's competition with other companies in its industry. Therefore, 

investors need to choose the right investment company, and financial ratios can help investors in this matter [10]. 

Considering various criteria, the public center has to select the best alternative concerning uncertainty [24]. In the 

MCDM context, the ratings of the options provided by decision-makers can be expressed with the Fuzzy Set 

theory [15, 33]. 

Fuzzy sets theory has been widely and successfully applied in many different areas to handle such 

uncertainty [35]. Nevertheless, it presents limitations to dealing with imprecise and vague information when 

various sources of vagueness appear simultaneously [23]. Atanassov mentioned that there should be a degree of 

non-membership (ν) in addition to membership function (μ) in fuzzy sets. Such sets are called intuitionistic 

fuzzy sets (IFSs) [2]. Intuitionistic fuzzy sets can only handle incomplete information, not indeterminate 

information, and inconsistent information, which exists commonly in belief systems [37]. Smarandache [30, 41] 
germinated the notion of having a neutrosophic set (NS) holding three different fundamental elements (i) truth, 

(ii) indeterminate, and (iii) falsity. Each attribute of the neutrosophic sets is relevant to our real-life models [6]. 

The most exciting point is that all these three functions are entirely independent, and one function is not affected 

by another [30]. These NSs can handle indeterminate and inconsistent information quite well, whereas IFSs and 

FSs can only handle incomplete or partial information [27].  

Since NSs are difficult to apply in real engineering problems and scientific applications, a subclass of NS 

has been proposed by Wang et al. [37]. These sets are called single-valued neutrosophic sets. SVNSs are well 

suited for handling ambiguous, incomplete, imprecise information [21]. Since its appearance and the ability to 

tackle the indeterminacy at the initial stage of data, SVNS is one of the hot topics to tackle the DMPs [12]. 

SVNS is one of the most favorable environments to access the alternatives [7]. Ratings of criteria of decision 

problems can be expressed using linguistic variables that can be transformed into SVNNs [1]. 

Moreover, many information measures for the SVNS model have been proposed over the years, such as 

similarity, distance, entropy, inclusion, and correlation coefficients [5]. Many scholars and researchers have 

continuously proposed new similarity measures for fuzzy-based models, including the SVNS model, and 

applied these measures to solve various practical problems related to MCDM [24]. In some real applications and 

related fields, the researcher uses similarity measure, an important mathematical tool [7].  

In many cases, the closeness of judgments (data) related to different options in a problem makes decision-

making challenging. Classical approaches in the field of decision-making are unable to solve the problem in 

such a situation. Since the introduction of the fuzzy theory, researchers have been able to deal with the above 

data in a more appropriate way. Among fuzzy sets and their extensions, it has been shown that Neutrosophic 

sets make this distinction between data better than fuzzy and intuitionistic fuzzy sets [31]. As choosing the 

suitable company for investment is an MCDM one, including various factors and uncertainty, this article has 

addressed the idea of choosing that by considering the practical factors as the problem criteria in a neutrosophic 

environment. In this regard, the rest of the article is arranged as follows: In Section 2, some preliminaries, 

including the NS, SVNS, and SM, are described. Section 3 presents the proposed approach and in Section 4, a 

numerical example is defined, and the results are presented. Finally, conclusions are drawn in Section 5. 
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2. Preliminaries  

In light of big data as a branch of information theory, it is essential to have a tool to manage the 

vulnerability and irregularity of information [1]. SVNS is one of the hot topics for tackling real-life decision-

making problems [12]. To compute SVNS in the application, this section provides the related definitions.  

Definition 1. Let X be a universe of discourse. A neutrosophic set A is an object having the farm  

       , ,.: . ,
A x A x A x

A x T I F x X   characterized by truth-membership function  
,

A x
T indeterminacy-membership 

function  
,

A x
I  and falsity-membership function  

.
A x

F  These functions are real standard or nonstandard subsets 

of ]0 ,1 [,   with the condition ( ) ( ) ( )0 3 .A x A x A xT I F      

Definition 2 [37]. Let X be a universe of discourse. The single-valued neutrosophic set A  is an object having 

the farm ( ) ( ) ( ){( : , , ), },A x A x A xA x T I F x X  where the functions are real standard subsets [0,1], with the condition 

( ) ( ) ( )0 3.A x A x A xT I F     

For convenience, we can use ( , , )A A Ax T I F to represent an element x in SVNS, and x is a single-valued 

neutrosophic number. 

Definition 3 [26]. Let       : , ,
A x A x A x

A x T I F and       : , ,
B x B x B x

B x T I F be two single-valued neutrosophic 

sets and S (A, B) be a similarity measure for SVNSs. S (A, B) satisfies the following properties: 
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Definition 4 [5]. Let       : , ,
A x A x A x

A x T I F and       : , ,
B x B x B x

B x T I F be two SVNSs. We can calculate S 

(A, B) applying Eq. (1) as follow:  

 

3. Methodology  

Decision makers’ judgments regarding an investment option are made in many cases based on financial 

ratios and quantitatively. However, in practice, some decision-makers make intuitive decisions when choosing 

the right company to invest in. In such a situation, the proximity of judgments regarding the available options 

(based on interests or other financial indicators) challenges the problem of choosing the best option. Since this 

group of decision-makers is usually not interested in solving a complex problem, it is necessary to solve the 

problem for them by presenting a straightforward approach. 

This practical, straightforward method includes six steps as follows: 

Step 1. Making a list of alternatives 

In the first step, decision-makers should prepare a list of all the companies considered for investment. It is 

better to choose the initial alternatives without any judgment. 

Step 2. Listing financial ratios and choosing some of the most important ones 

At this stage, decision-makers can use all financial ratios. Nevertheless, to maintain the problem's 

simplicity, more commonly used ratios can be used in the research background [17]. 

Step 3. Defining the Ideal Alternative (Id) 

 An ideal alternative is an assumptive option that performs best in all indicators of the problem, although no 

2 2 2 2 2 2

2 2 2 2 2 2

( ( ) ( )) (1 ( )) (1 ( )) (1 ( )) (1 ( ))
( , ) .

( ( ) ( )) (1 ( )) (1 ( )) (1 ( )) (1 ( ))
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x X T x T x I x I x F x F x
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such option exists in the real world [21].  

Step 4. Forming the decision-making matrix D  

As mentioned earlier, some decision-makers choose the right option for investment in a judgmental way. In 

this case, they must judge each option based on the indicators selected in the previous step. For this purpose, the 

linguistic scale shown in Table 1 can be used. 

 

Table 1. Conversion of linguistic terms to the SVNSs 

 

 

 

 

 

 

Step 5. Calculating the similarity measure  

At this stage, the similarity of each investment alternative to the ideal one can be easily measured by 

applying Eq. (1). 

Step 6. Ranking the alternatives according to previous step results 

In the final step, the options are ranked based on the degree of similarity with the ideal option, which is a 

number between zero and one. The option most similar to the ideal (highest value) is the best option. 

4. Numerical example 

Here, by a numerical example, we will show how one can apply our approach to select the best company for 

investment-based financial ratio. In the first step, consider five different alternatives (Co1, Co2, Co3, Co4, Co5), 

and the sixth one is Ideal Alternative (IA). To choose the criteria (financial ratio), we used factors shown in 

Table 2: 

Table 2. Investment Factors 

 

 

 

 

 

 

 

 

 

 

According to Tables 1 & 2, the decision matrix D is available in Table 3: 

 

 

 

 

Linguistic terms SVNSs 

Excessive high (EH) (1.00, 0.00, 0.00) 

Very very high (VVH) (0.90, 0.10, 0.10) 

Very high (VH) (0.80, 0.15, 0.20) 

High (H) (0.70, 0.25, 0.30) 

Medium high (MH) (0.60, 0.35, 0.40) 

Fair (F) (0.50, 0.50, 0.50) 

Medium low (ML) (0.40, 0.65, 0.60) 

Low (L) (0.30, 0.75, 0.70) 

Very low (VL) (0.20, 0.85, 0.80) 

Very very low (VVL) (0.10, 0.90, 0.90) 

Excessive low (EL) (0.00, 1.00, 1.00) 

Financial ratio Abbreviation 

Current Ratio CR 

Assets Turnover AT 

Inventory Turnover IT 

Debt Ratio DR 

Debt of Equity Ratio DER 

Account Receivable Turnover ART 

Return of Assets RoA 

Return of Equity RoE 
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Table 3. The decision matrix 

 

"Co" is the symbol of the five largest companies in the automotive industry in Iran, such as Iran Khodro, 

Saipa, etc.). Now, applying Eq. (1), we can compute the similarity measures as shown in Table 4:  

 

Table 4. Similarity Measure 

 

 

 

 

 

 

 

As seen in Table 4, company number 4, with a similarity of 0.735, is the closest alternative to the ideal and 

the best company for investment according to the problem indicators. After that, companies 2 and 3 have the 

second and third ranks with similarities of 0.721 and 0.719, respectively. In the same way, companies number 5 

and 1 are ranked fourth and fifth with similarities of 0.682 and 0.653, respectively. 

Suppose the data of the problem were not neutrosophic, and we considered the element of truth (T) as a 

definitive judgment. In that case, the problem data would be as shown in Table 5: 

 

Table 5. The crisp decision matrix 

 

 

 

 

 

 

 

 

According to Table 5, the similarity measures for companies 1 to 5 are 0.38, 0.34, 0.36, 0.36, and 0.36, 

respectively. Therefore, it can be seen that the decision-making problem in this situation faces a severe 

challenge. 

5. Conclusion 

Ratio analysis is a standard tool for analyzing financial statements. A ratio is a mathematical relationship 

between one number and another number. The ratio is used as an indicator to evaluate the financial performance 

of the business company. The accounting ratio shows the mathematical relationship between two numbers that 

have a significant relationship with each other. Therefore, it can be said that financial ratios can be a suitable 

measure for investors (Largani et al., 2013). Since the financial ratios are obtained based on crisp numbers, and the 

conditions of uncertainty are not seen, this study tried to see this problem. 

D CR AT IT DR DER ART RoA RoE 

Co1 (0.8, 0.1, 0.2) (0.5, 0.5, 0.5) (0.7, 0.3, 0.3) (0.9, 0.1, 0.1) (0.6, 0.75, 0.4) (0.4, 0.65, 0.6) (0.7, 0.75, 0.3) (0.4, 0.65, 0.6) 

Co2 (0.85, 0.3, 0.15) (0.8, 0.3, 0.2) (0.6, 0.35, 0.4) (0.5, 0.5, 0.5) (0.5, 0.5, 0.5) (0.6, 0.50, 0.4) (0.6, 0.35, 0.4) (0.8, 0.15, 0.2) 

Co3 (0.65, 0.45, 0.35) (0.5, 0.4, 0.5) (0.7, 0.45, 0.3) (0.4, 0.55, 0.6) (0.8, 0.15, 0.2) (0.8, 0.15, 0.2) (0.7, 0.25, 0.3) (0.6, 0.25, 0.4) 

Co4 (0.75, 0.3, 0.25) (0.5, 0.35, 0.5) (0.7, 0.25, 0.3) (0.8, 0.15, 0.2) (0.8, 0.5, 0.2) (0.7, 0.25, 0.3) (0.6, 0.35, 0.4) (0.3, 0.4, 0.7) 

Co5 (0.5, 0.35, 0.5) (0.55, 0.5, 0.45) (1.0, 0.0, 0.0) (1.0, 0.0, 0.0) (0.2, 0.85, 0.8) (0.5, 0.5, 0.5) (1.0, 0.0, 0.0) (0.4, 0.5, 0.6) 

IA (1.0, 0.0, 0.0) (1.0, 0.0, 0.0) (1.0, 0.0, 0.0) (1.0, 0.0, 0.0) (1.0, 0.0, 0.0) (1.0, 0.0, 0.0) (1.0, 0.0, 0.0) (1.0, 0.0, 0.0) 

S (Coi,  IA) Score Rank 

S (Co1,  IA) 0.653 5 

S (Co2,   IA) 0.721 2 

S (Co3,   IA) 0.719 3 

S (Co4,   IA) 0.725 1 

S (Co5,   IA) 0.682 4 

D CR AT IT DR DER ART RoA RoE 

Co1 (0.8) (0.5) (0.7) (0.9) (0.6) (0.4) (0.7) (0.4) 

Co2 (0.85) (0.8) (0.6) (0.5) (0.5) (0.6) (0.6) (0.8) 

Co3 (0.65) (0.5) (0.7) (0.4) (0.8) (0.8) (0.7) (0.6) 

Co4 (0.75) (0.5) (0.7) (0.8) (0.8) (0.7) (0.6) (0.3) 

Co5 (0.5) (0.55) (1.0) (1.0) (0.2) (0.5) (1.0) (0.4) 

IA (1.0) (1.0) (1.0) (1.0) (1.0) (1.0) (1.0) (1.0) 
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In real decision-making, to choose the best alternative from all the feasible sets of other options [34], multi-

criteria decision-making problems and solution methods are the essential branches of modern decision sciences 

to deal with incomplete, indeterminate, and inconsistent information [32]. The indeterministic part of uncertain 

data, introduced in NS theory, plays a vital role in making a proper decision that is impossible by intuitionistic 

fuzzy set theory [19]. By NS, we can better represent reality by considering all aspects of the decision-making 

process [9]. 

In this study, we proposed a simple, practical approach to address the problem of selecting the best 

investment. This approach considers the most important financial ratios affecting the investment selection and 

copes with uncertainty using SVNSs. However, the current research has limitations that can be taken into 

consideration by other researchers. In this research, verbal judgments were considered; While in many cases, 

decision-makers pay attention to quantitative indicators [3]. The problem discussed in this research (closeness of 

options to each other) can also exist in quantitative problems. Therefore, presenting the approach of dealing with 

quantitative data can also be a solution for decision-makers. Another limitation of this research is related to the 

same attention to financial ratios, while according to the opinion of financial experts, these indicators do not 

have the same importance [4]. In addition, the relationship between financial ratios is a significant point that this 

study has not addressed. Considering the interdependency criteria by applying ANP or DEMATEL-based ANP 

can be an exciting topic for future research. Another limitation of the proposed approach is that it faces a 

problem when dealing with a large amount of data (a large number of alternatives) [40]. The use of two or three-

phase methods can be suitable for this situation. Using more critical indicators in the first phase, we can exclude 

some weaker options from the analysis, and other options can be examined in the next phase. In a three-phase 

approach, using a technique such as data envelopment analysis, options that are not effective can be excluded 

from the study. Moreover, as hesitancy is the most common problem in decision-making, and single-valued 

neutrosophic hesitant fuzzy sets are more general and practical than existing decision-making methods [39], we 

will use them in our subsequent study. 
 

Conflict of interest: The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 
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