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Abstract: The software sector is one of the important sectors that has been widely present in many sectors and is expected to 

increase its level of influence and scope in many sectors in the future. In this study, the Grey Relational Analysis (GRA) method was 

used to evaluate the financial performance of software firms in a scope that has not been previously examined in the literature. For 

this purpose, GRA analysis was performed on the financial ratios included in the scope of the study for five software firms with high 

market capitalization included in the analysis. According to the analysis results, Firm 1 ranked first with the highest grey relational 

grade in 2023 (n=0.8099), 2022 (n=0.8173) and 2021 (n=0.7326), while Firm 5 ranked first with the highest grey relational grade in 

2024 (n=0.7834). It is thought that this study can provide useful information to researchers and practitioners.  
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INTRODUCTION 

The software sector is one of the important sectors that has been able to catch a growth trend. According to Statista 

data, the software sector is estimated to be 896.20 billion dollars in 2029. Figure 1 shows the estimated growth of the 

software industry.  

 

Figure 1: Estimated growth of the software industry 



Evaluation of Financial Performance of Software Firms Using Grey Relational Analysis Method IJMA 2025,  9(17): 1-12  

 
 

 

Source: (Statista Market Insights, 2024) 

There are software firms with high market capitalization in the sector. Figure 2 shows the top ten software 

firms' market capitalization.  

 

Figure 2: The top ten software firms' market capitalization on 04.02.2025 

Source: (InvestingPRO, 2025a, 2025b, 2025c; TradingView, 2025) 

It is understood that the three firms with high market capitalization in the software industry are Microsoft, 

Alphabet and Meta Platforms, respectively. 

Many studies have been conducted in the literature regarding the software industry. Among these studies, there 

are many studies such as firm efficiency (Nkambule et al., 2022), competition and licensing (August et al., 2021), 

innovative human resource practices (Joseph et al., 2024), intellectual property and open innovation (Arunnima et al., 

2023), mental well-being (Singh et al., 2024), project success and sustainability (Khalifeh et al., 2023), institutional 

networks (Girolimo & Diez, 2023), blockchain (Al-Ashmori et al., 2023), company characteristics and human 

resources (Aggarwal, 2023), electronic knowledge repositories (Chugh & Upadhayay, 2024), sustainability and 

entrepreneurial capabilities (Kim & Cho, 2024), artificial intelligence  (Ainamo & Peltokorpi, 2024; Wael Sh, 2024), 

corporate social responsibility (Jiménez et al., 2024), learning motivation (Nguyen et al., 2023), agility (Ramasubbu 

& Bardhan, 2021), customer cost-acceptance level (Wang et al., 2023), project management (Jui et al., 2024). 

Many methods, such as regression (e.g., Akinwale et al., 2025; Dwekat et al., 2025; Ginting et al., 2025), 

multi-criteria decision-making (e.g., Shen, 2024; Sun & Zheng, 2025), data envelopment analysis (e.g., Herwadkar et 

al., 2022), DuPont (e.g., Açıkgöz & Kılıç, 2021; Shan et al., 2024) can be used in the analysis of financial 

performance.  

There are many studies in the literature examining financial performance in many sectors and firms (e.g., 

artificial intelligence (Burak, 2023), information and technology (Açıkgöz & Kılıç, 2021; Baysal et al., 2023; Bulut 

& Şimşek, 2022; Danilov, 2024; Oral & Şenen, 2023), banks and insurance (Safi et al., 2024)). Many financial ratios 

such as the current ratio (Danilov, 2024; Sanga et al., 2025), acid-test ratio (Sanga et al., 2025), debt to equity 
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(Ginting et al., 2025),  debt to asset (Hu et al., 2025), long term debt to capital (Danilov, 2024), return on equity (Hu 

et al., 2025; Munir & Ishfaq, 2025; Safi et al., 2024), return on assets (Ginting et al., 2025; Munir & Ishfaq, 2025; 

Safi et al., 2024; Sanga et al., 2025; Yeon et al., 2025), return on investment (Billi & Bernardo, 2025), profit margin 

(Munir & Ishfaq, 2025; Safi et al., 2024), total asset and asset turnover (Danilov, 2024; Hu et al., 2025), receivable 

turnover (Danilov, 2024) have been used in studies. 

Many criteria can be taken into account when making a selection. It is important to determine the most 

appropriate criterion among these criteria. Considering that decision-making can become complex, using statistical 

and mathematical methods can positively affect the decision-making process (Taherdoost & Madanchian, 2023: 77). 

Many methods can be used in decision-making regarding multiple criteria. GRA method, which is one of these 

methods, is a method that has been used and is being used in many studies because it does not require “large sample 

size, data distribution conditions” (Han et al., 2025). The GRA method has been used in many studies in the 

literature. These studies include many studies such as supplier selection (Chakraborty et al., 2024; Singh & Pandey, 

2024), optimization (Arici et al., 2024; Das & Chakraborty, 2024; Khare et al., 2024; Zhu et al., 2025), financial 

performance (Akin, 2024; Altan & Akça, 2024; Arıkan Kargı, 2024; Bardi, 2023, 2024; Elma, 2024; Elma et al., 

2024; Kaya et al., 2024; Şekkeli & Güçlü, 2023; Vargün & Soylu, 2024; Venugopal et al., 2024), entrepreneurship 

and innovation (Elevli & Elevli, 2024), production performance (Chen & Yang, 2024), selection of learning platform 

(mobile) (Başaran & Ighagbon, 2024), effectiveness of club activities (Li et al., 2024), traffic flow prediction (Wu et 

al., 2024), vehicle charging station selection (Saleh, 2024), power plant site selection (Zhao et al., 2024), project 

investment risk assessment (Chen et al., 2024), recruitment process (Mohapatra & Choudhary, 2024), aviation 

management (Ivan et al., 2024). 

The growth potential of the software sector cannot be ignored. It is important to evaluate and understand the 

financial performance of firms that have reached a certain size and market share in this sector. This study aims to 

evaluate the financial performance of software firms that have not been previously examined in the literature using 

the GRA method. For this purpose, the methodology is mentioned in the next section, and the GRA method is 

explained. Then, the GRA results are explained. Finally, the conclusion section is mentioned. 

2. METHODOLOGY 

The GRA method was used in this study. GRA was performed by considering the financial data of 5 software firms 

with high market capitalization.  

The firms and their codes included in the analysis were determined as Firm 1 (Microsoft-MSFT), Firm 2 

(Oracle-ORCL), Firm 3 (Salesforce-CRM), Firm 4 (ServiceNow-NOW) and Firm 5 (Adobe-ADBE). GRA was 

carried out by considering the relevant firms' financial ratios between 2021 and 2024. Financial ratios were assumed 

to have equal importance. The financial ratios and data of the software firms included in the paper were obtained 

from websites (Macrotrends, 2025; Stock Analysis, 2025). 

2.1. Grey Relational Analysis 

GRA can be useful in providing evaluation and optimization. To enhance decision-making, a grey relational analysis 

is utilized to assess conditional probability (Khan et al., 2024: 599; Peng et al., 2021: 2). The financial ratios and data 

of the software firms included in the paper were obtained from websites (Macrotrends, 2025; StockAnalysis, 2025). 

GRA steps can be listed as follows (Abdelhady et al., 2024; Han et al., 2025; Rojas et al., 2024): 
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After the criteria are determined and the decision matrix is created, normalization can be performed on the 

analysis data (equation(eq) 1 for larger is better, eq 2 for smaller is better). 

                                                                𝑥𝑖(𝑘) =
𝑥𝑖(𝑘)−min⁡𝑥𝑖(𝑘)

max𝑥𝑖(𝑘)−min⁡𝑥𝑖(𝑘)
                                                                (1) 

                                                                𝑥𝑖(𝑘) =
𝑚𝑎𝑥𝑥𝑖(𝑘)−𝑥𝑖(𝑘)

max𝑥𝑖(𝑘)−min⁡𝑥𝑖(𝑘)
                                                                (2) 

Then, the deviation array, which measures the absolute difference between the normalized values and the 

reference array, can be calculated with eq 3. 

                                                                ∆0𝑖(𝑘) = |𝑥0(𝑘) − 𝑥𝑖(𝑘)|                                                               (3) 

Afterwards, the relationship between the grey relational coefficient, reference and comparability series can be 

quantitatively determined with the Grey Relational Coefficient and eq 4. 

                                                       ξ
i
(𝑘) =

∆𝑚𝑖𝑛+ζ∆𝑚𝑎𝑥

∆0𝑖(𝑘)+ζ∆𝑚𝑎𝑥
                                                                       (4) 

In this equation, 𝜉𝑖(𝑘) is the Grey Relational Coefficient for the 𝑖-th response in the 𝑘-th condition. Δmin and 

Δmax are the minimum and maximum deviation sequences. 𝜁 is the discriminant coefficient, which is (usually) set to 

0.5 (Jiayu & Haijiang, 2025). 

Finally, the Grey Relational Degree can be calculated by eq 5. 𝛾𝑖 is the Grey Relational Coefficient for the 𝑖th 

experiment. 

                                                         𝛾𝑖 =
1

𝑛
∑ ξ

i
(𝑘)𝑛

𝑘=1                                                                          (5) 

3. GRA ANALYSIS FINDINGS 

The financial ratios examined in the analysis are given in Table 1. 

Table 1: Financial Ratios Used in GRA Analyzes 

Financial Ratios Symbol Ideal Value 

Current Ratio (The ability to pay off short-term liabilities using current assets) FinR1 Maximum 

Acid Test Ratio (Ability to pay short-term liabilities using its most liquid assets (excluding inventories)) FinR2 Maximum 

Long-term Debt to Capital Ratio FinR3 Minimum 

Debt to Equity Ratio  FinR4 Minimum 

Debt to Assets Ratio  FinR5 Minimum 

Gross Margin Ratio (Gross profit over revenue)  FinR 6 Maximum 

Net Profit Margin Ratio (Net profit over sales) FinR 7 Maximum 

Return on Equity Ratio (Net profit after tax over total equity) x 100 FinR 8 Maximum 

Return on Assets Ratio (Net profit after tax over total assets) x 100 FinR 9 Maximum 

Return on Investment Ratio (Gain from investment minus cost of investment, over cost of investment) x 

100 
FinR 10 Maximum 

Asset Turnover (The ratio of total sales to total assets) FinR 11 Maximum 
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FinR: Financial Ratio 

Source: (Adelia & Khoiriah, 2025; Billi & Bernardo, 2025; Burak, 2023; Gautam & Madhavi, 2024; Micheal et al., 2025; Wang 

et al., 2025) 

First of all, the GRA Analysis stages were carried out based on the data of software firms in the sample year 

2024 within the scope of the ratios examined in the study. Afterwards, the results of the GRA analysis regarding the 

financial performances of software firms between the years 2021-2024 within the scope of the ratios examined in the 

study were explained together. Table 2 contains the GRA Decisions Matrix for 2024. 

Table 2: GRA Decisions Matrix for 2024 

Ratio FinR1 FinR2 FinR3 FinR4 FinR5 FinR6 FinR7 FinR8 FinR9 FinR10 FinR11 

Reference 1,28 1,14 0,12 0,16 0,11 89,04 35,96 113,29 18,39 30,49 0,71 

Firm 1 1,28 1,14 0,14 0,19 0,19 69,76 35,96 32,83 17,21 28,32 0,48 

Firm 2 0,72 0,61 0,89 9,40 0,67 71,41 19,76 113,29 7,42 12,24 0,38 

Firm 3 1,09 0,96 0,12 0,16 0,14 75,50 11,87 6,93 4,14 6,08 0,35 

Firm 4 1,10 0,97 0,13 0,16 0,11 79,18 12,97 14,83 6,99 12,84 0,54 

Firm 5 1,07 0,95 0,23 0,40 0,20 89,04 25,85 39,42 18,39 30,49 0,71 

After creating the GRA decision matrix, the GRA normalized matrix was created. Table 3 includes the GRA 

normalized matrix. 

Table 3: GRA normalized matrix for 2024 

Ratio FinR1 FinR2 FinR3 FinR4 FinR5 FinR6 FinR7 FinR8 FinR9 FinR10 FinR11 

Reference 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 

Firm 1 1,00 1,00 0,98 1,00 0,86 0,00 1,00 0,24 0,92 0,91 0,36 

Firm 2 0,00 0,00 0,00 0,00 0,00 0,09 0,33 1,00 0,23 0,25 0,07 

Firm 3 0,67 0,66 1,00 1,00 0,96 0,30 0,00 0,00 0,00 0,00 0,00 

Firm 4 0,68 0,68 0,99 1,00 1,00 0,49 0,05 0,07 0,20 0,28 0,52 

Firm 5 0,63 0,64 0,87 0,97 0,84 1,00 0,58 0,31 1,00 1,00 1,00 

After the GRA normalized matrix was created, GRA absolute value matrix was created. Table 4 includes the 

GRA absolute value matrix. 

Table 4: GRA absolute value matrix for 2024 

Ratio FinR1 FinR2 FinR3 FinR4 FinR5 FinR6 FinR7 FinR8 FinR9 FinR10 FinR11 

Firm 1 0,00 0,00 0,02 0,00 0,14 1,00 0,00 0,76 0,08 0,09 0,64 

Firm 2 1,00 1,00 1,00 1,00 1,00 0,91 0,67 0,00 0,77 0,75 0,93 

Firm 3 0,33 0,34 0,00 0,00 0,04 0,70 1,00 1,00 1,00 1,00 1,00 

Firm 4 0,32 0,32 0,01 0,00 0,00 0,51 0,95 0,93 0,80 0,72 0,48 
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Firm 5 0,37 0,36 0,13 0,03 0,16 0,00 0,42 0,69 0,00 0,00 0,00 

After the GRA absolute value matrix was created, grey relational coefficient matrix was created. . Analysis 

was carried out with 𝜁 value as 0.5.Table 5 includes the grey relational coefficient matrix.  

Table 5: Grey relational coefficient matrix for 2024 

Ratio FinR1 FinR2 FinR3 FinR4 FinR5 FinR6 FinR7 FinR8 FinR9 FinR10 FinR11 

Firm 1 1,00 1,00 0,97 0,99 0,78 0,33 1,00 0,40 0,86 0,85 0,44 

Firm 2 0,33 0,33 0,33 0,33 0,33 0,35 0,43 1,00 0,39 0,40 0,35 

Firm 3 0,60 0,60 1,00 1,00 0,92 0,42 0,33 0,33 0,33 0,33 0,33 

Firm 4 0,61 0,61 0,97 1,00 1,00 0,49 0,34 0,35 0,38 0,41 0,51 

Firm 5 0,58 0,58 0,79 0,95 0,76 1,00 0,54 0,42 1,00 1,00 1,00 

As a result of the analysis, software firms' financial performance grey relational grade rank for 2024 is 

included in Table 6. 

Table 6: Software firms' financial performance grey relational grade rank for 2024 

Firm Firm 1 Firm 2 Firm 3 Firm 4 Firm 5 

Grade 
0,7830 0,4174 0,5634 0,6082 0,7834 

# Rank  2 5 4 3 1 

As a result of the analysis, software firms' financial performance grey relational grade rank for 2024-2021 is 

included in Table 7. 

Table 7: Software firms' financial performance grey relational grade rank for 2024-2021 

Year 2024 2023 2022 2021 

Firm Grade #Rank Grade #Rank Grade #Rank Grade #Rank 

Firm 1 0,7830 2 0,8099 1 0,8173 1 0,7326 1 

Firm 2 0,4174 5 0,4344 5 0,5056 4 0,6052 3 

Firm 3 0,5634 4 0,5207 4 0,4915 5 0,5460 4 

Firm 4 0,6082 3 0,6132 3 0,5192 3 0,5195 5 

Firm 5 0,7834 1 0,8041 2 0,7158 2 0,7159 2 

According to GRA results, Firm 1 ranked first with the highest grey relational grade in 2023 (n=0.8099), 2022 

(n=0.8173) and 2021 (n=0.7326). According to the analysis results, Firm 5 ranked first with the highest grey 

relational grade in 2024 (n=0.7834) and second with the grey relational grade in 2023 (n=0.8041), 2022 (n=0.7158) 

and 2021 (n=0.7159). 

4. CONCLUSION 
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This study used the GRA method to evaluate the financial performances of software firms not previously examined in 

the literature. First, financial performance criteria were determined. The financial ratios of software firms between 

2021 and 2024 were analyzed using the GRA method according to the determined criteria. 

According to the GRA results within the scope of the financial ratios included in the analysis, Firm 1(MFST) 

has become the firm with the highest grey relational grade in 2023, 2022, and 2021. It is understood that Firm 1 can 

present a positive picture financially as a firm with a notable market share in the software industry. Considering the 

financial ratios included in the GRA, Firm 5(ADBE) was able to show a stable financial image by ranking first in 

2024 and second between 2023-2021 with the grey relational grade. Considering that the software sector is expected 

to grow even more in the coming years, it can be understood that it is important for software firms to draw a 

successful picture financially in order to fully benefit from the existing and potential opportunities in the software 

sector with the software they produce. 

When the results of the financial evaluation made with the TOPSIS method in information and technology 

companies in the literature are examined, it is understood that the companies that are ranked first with their stock 

exchange codes are ARDYZ in 2019 (Bulut & Şimşek, 2022), ESCOM in 2020 and 2021 (Bulut & Şimşek, 2022) 

and ARDYZ in 2022 (Baysal et al., 2023). When the results of the financial evaluation made with the GRA method 

in technology companies with stock exchange codes in the literature are examined, it is understood that LINK is 

ranked first between 2017-2021 (Oral & Şenen, 2023). 

This study is limited to the selected firms, the time period in which it was conducted, the selected financial 

ratio and the applied method. This study is thought to provide helpful information to practitioners and researchers. It 

is thought that practitioners can have an idea about which financial ratios are important to consider in financial 

performance analysis. It is thought that practitioners can easily obtain information about the financial performance 

comparison and financial performance of the software companies included in the study within the framework of the 

ratios and GRA analysis in the study. Researchers can conduct their own studies by using the analysis method in this 

study as a guide. This study shows that researchers' knowledge of the evaluation of software companies through GRA 

analysis and financial performance analysis can ease and encourage them to produce new papers ideas. In future 

studies, GRA analysis can be performed for different software firms within the scope of different or the same 

financial ratios, and financial performance analysis can be performed for firms in the software sector by using 

different methods. 

THANKS OR SUPPORTS STATEMENT 

This study did not receive any support. There is no institution or person to thank.  

CONFLICT OF INTEREST DECLARATION 

There is no conflict of interest with any institution or person within the scope of the study.  

 

REFERENCES 

Abdelhady, S. S., Elbadawi, R. E., & Zoalfakar, S. H. (2024). Multi-objective optimization of FSW variables on joint 

properties of AA5754 aluminum alloy using Taguchi approach and grey relational analysis. The International 

Journal of Advanced Manufacturing Technology, 130(9), 4235-4250. https://doi.org/10.1007/s00170-024-

12969-2  

Açıkgöz, T., & Kılıç, G. (2021). Teknoloji Firmalarının Finansal Performansının ve Piyasa Değerinin Dupont Analizi 

https://doi.org/10.1007/s00170-024-12969-2
https://doi.org/10.1007/s00170-024-12969-2


Evaluation of Financial Performance of Software Firms Using Grey Relational Analysis Method IJMA 2025,  9(17): 1-12  

 
 

 

ile İncelenmesi. Muhasebe ve Finansman Dergisi(90), 209-226. https://doi.org/10.25095/mufad.873937  

Adelia, M., & Khoiriah, N. (2025). The Influence Of Debt To Assets Ratio And Return On Equity On Stock Prices 

At PT Ristia Bintang Mahkotasejati TBK For The 2013-2023 Period Jurnal Multidisiplin Sahombu 5(1), 

323-332. https://doi.org/10.58471/jms.v5i01  

Aggarwal, K. (2023). Link between company characteristics, board structure and HR disclosure level in software 

sector in Indian context: perception or reality? International Journal of Indian Culture and Business 

Management, 28(2), 145-175. https://doi.org/10.1504/ijicbm.2023.129005  

Ainamo, A., & Peltokorpi, A. (2024). Innovation meets institutions: AI and the Finnish construction ecosystem. IOP 

Conference Series: Earth and Environmental Science, 1389(1), 012013. https://doi.org/10.1088/1755-

1315/1389/1/012013  

Akin, I. (2024). Investigating Performances of Commercial Banks in the UK by Using Grey Relation Analysis. İzmir 

İktisat Dergisi, 39(4), 1079-1106. https://doi.org/10.24988/ije.1396460  

Akinwale, Y. O., Adelowo, C. M., & Surujlal, J. (2025). Entrepreneurial orientation and financial performance 

among MSMEs in Nigeria. International Journal of Business Innovation and Research, 36(1), 131-147. 

https://doi.org/10.1504/IJBIR.2025.143943  

Al-Ashmori, A., Thangarasu, G., Dominic, P. D. D., & Al-Mekhlafi, A.-B. A. (2023). A Readiness Model and 

Factors Influencing Blockchain Adoption in Malaysia’s Software Sector: A Survey Study. Sustainability, 

15(16).  

Altan, İ. M., & Akça, C. (2024). Is There A Relationship Between Financial Performance and Health Services 

Performance? Evidence from Selected Countries. Alanya Akademik Bakış, 8(1), 300-309. 

https://doi.org/10.29023/alanyaakademik.1336526  

Arici, E., Tuna, M. C., Aytac, A., & Kelestemur, G. T. (2024). Multi-objective optimization of a pond aeration 

system using Taguchi-based gray relational analysis. Aquaculture International, 33(1), 50. 

https://doi.org/10.1007/s10499-024-01758-z  

Arıkan Kargı, V. S. (2024). Evaluation of the financial performance of electricity generation companies using the 

Grey relational analysis method. Ömer Halisdemir Üniversitesi İktisadi ve İdari Bilimler Fakültesi Dergisi, 

17(2), 247-258. https://doi.org/10.25287/ohuiibf.1394209  

Arunnima, B. S., Bijulal, D., & Sudhir Kumar, R. (2023). Open Innovation Intellectual Property Risk Maturity 

Model: An Approach to Measure Intellectual Property Risks of Software Firms Engaged in Open Innovation. 

Sustainability, 15(14).  

August, T., Chen, W., & Zhu, K. (2021). Competition Among Proprietary and Open-Source Software Firms: The 

Role of Licensing in Strategic Contribution. Management Science, 67(5), 3041-3066. 

https://doi.org/10.1287/mnsc.2020.3674  

Bardi, Ş. (2023). Gri İlişkisel Analiz Yöntemiyle Finansal Performans Analizi: BİST İmalat Alt Sektörler 

Uygulaması. Sosyal Bilimler Akademi Dergisi, 6(2), 145-167. https://doi.org/10.38004/sobad.1333980  

Bardi, Ş. (2024). İmalat Alt Sektörlerinin Finansal Performans ile Etkinlikleri Arasındaki İlişki: Maliyet Girdi Odaklı 

Yaklaşım. Anadolu Üniversitesi İktisadi ve İdari Bilimler Fakültesi Dergisi, 25(2), 459-490. 

https://doi.org/10.53443/anadoluibfd.1341716  

Başaran, S., & Ighagbon, O. A. (2024). Enhanced FMEA Methodology for Evaluating Mobile Learning Platforms 

Using Grey Relational Analysis and Fuzzy AHP. Applied Sciences, 14(19), 8844. 

https://doi.org/10.3390/app14198844  

Baysal, G., Sönmez, F., & Anık Baysal, İ. (2023). BİST100’te İşlem Gören Bilişim Şirketlerinin TOPSIS Yöntemiyle 

Finansal Performanslarının Belirlenmesi. International Conference on Scientific and Innovative Studies, 1(1), 

230-238. https://doi.org/10.59287/icsis.606  

Billi, A., & Bernardo, A. (2025). The Effects of Digital Transformation, IT Innovation, and Sustainability Strategies 

on Firms’ Performances: An Empirical Study. Sustainability, 17(3), 823. https://doi.org/10.3390/su17030823  

Bulut, E., & Şimşek, A. İ. (2022). Evaluation of Financial Performance of Some Technology Companies Traded in 

Borsa Istanbul by TOPSIS Method. Firat University International Journal of Economics and Administrative 

Sciences, 6(2), 103-130.  

Burak, M. F. (2023). Analyzing Financial Performances of the Artificial Intelligence Firms by Using the AHP-

TOPSIS Method. Pearson Journal of Social Sciences & Humanities, 8(25), 500-519. 

https://doi.org/10.5281/zenodo.8362319  

Chakraborty, S., Raut, R. D., Rofin, T. M., & Chakraborty, S. (2024). Dynamic grey relational analysis-based 

https://doi.org/10.25095/mufad.873937
https://doi.org/10.58471/jms.v5i01
https://doi.org/10.1504/ijicbm.2023.129005
https://doi.org/10.1088/1755-1315/1389/1/012013
https://doi.org/10.1088/1755-1315/1389/1/012013
https://doi.org/10.24988/ije.1396460
https://doi.org/10.1504/IJBIR.2025.143943
https://doi.org/10.29023/alanyaakademik.1336526
https://doi.org/10.1007/s10499-024-01758-z
https://doi.org/10.25287/ohuiibf.1394209
https://doi.org/10.1287/mnsc.2020.3674
https://doi.org/10.38004/sobad.1333980
https://doi.org/10.53443/anadoluibfd.1341716
https://doi.org/10.3390/app14198844
https://doi.org/10.59287/icsis.606
https://doi.org/10.3390/su17030823
https://doi.org/10.5281/zenodo.8362319


International Journal of Management and Administration IJMA 2025,  9(17): 1-12  
 

 

supplier selection in a health-care unit. International Journal of Pharmaceutical and Healthcare Marketing, 

ahead-of-print(ahead-of-print). https://doi.org/10.1108/IJPHM-11-2023-0098  

Chen, F., Sun, M., & Shen, L. (2024). Risk assessment method of power grid construction project investment based 

on grey relational analysis. International Journal of Information Technology and Management, 23(3-4), 244-

260. https://doi.org/10.1504/ijitm.2024.139576  

Chen, P.-T., & Yang, C.-J. (2024). Using Taguchi method and gray relational analysis to enhance manufacturing 

performance in photopolymerization. Progress in Additive Manufacturing, 9(6), 2393-2402. 

https://doi.org/10.1007/s40964-024-00593-1  

Chugh, M., & Upadhayay, R. K. (2024). Adoption of Electronic Knowledge Repositories: Influencing Factors in the 

Indian Software Industry. Journal of Information & Knowledge Management, 23(04), 2450056. 

https://doi.org/10.1142/s0219649224500564  

Danilov, G. (2024). The impact of corporate governance on firm performance: panel data evidence from S&P 500 

Information Technology. Future Business Journal, 10(1), 86. https://doi.org/10.1186/s43093-024-00376-8  

Das, P. P., & Chakraborty, S. (2024). Dynamic grey relational analysis-based optimization of electrochemical 

machining processes. World Journal of Engineering, ahead-of-print(ahead-of-print). 

https://doi.org/10.1108/WJE-10-2023-0436  

Dwekat, A., Taweel, A., & Salameh, A. (2025). Boardroom diversity and financial performance in Palestinian banks 

and insurers. Discover Sustainability, 6(1), 40. https://doi.org/10.1007/s43621-025-00836-3  

Elevli, S., & Elevli, B. (2024). A study of entrepreneur and innovative university index by entropy-based grey 

relational analysis and PROMETHEE. Scientometrics, 129(6), 3193-3223. https://doi.org/10.1007/s11192-

024-05033-z  

Elma, O. E. (2024). Financial Performance of BIST Sustainability Index Enterprises: Unearthing the Most Optimum 

MCDA Methods for Decision-Makers. Verimlilik Dergisi, 58(4), 461-478. 

https://doi.org/10.51551/verimlilik.1410272  

Elma, O. E., Stević, Ž., & Baydaş, M. (2024). An Alternative Sensitivity Analysis for the Evaluation of MCDA 

Applications: The Significance of Brand Value in the Comparative Financial Performance Analysis of BIST 

High-End Companies. Mathematics, 12(4). https://doi.org/10.3390/math12040520  

Gautam, A., & Madhavi, T. (2024). Assessing Financial Performance: A Ratio Analysis of Selected Pharmaceutical 

Companies in India. Evergreen - Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, 

11(3), 1481-1492. https://doi.org/10.5109/7236805  

Ginting, A. P., Ilham, R. N., Syamni, G., & Akhyar, C. (2025). The Effect of Financial Performance on the Stock 

Price of Companies with Earnings Per Share As A Moderating Variety (Case Study on Property and Real 

Estate Companies Listed on the IDX in 2019-2023). Journal of Accounting Research, Utility Finance and 

Digital Assets, 3(3), 275-280. https://doi.org/10.54443/jaruda.v3i3.208  

Girolimo, U., & Diez, J.-I. (2023). Redes institucionales en el sector del software: un análisis de la experiencia de 

Tandil (2003-2018). EURE (Santiago), 49(146), 1-24. https://doi.org/10.7764/eure.49.146.04  

Han, Y., Yang, Y., Lyu, B., Hang, W., Wang, X., & Yuan, J. (2025). Optimization of Shear-Thickening Polishing 

Parameters for Optical Glass Based on Grey Relational Analysis. Machines, 13(1), 40. 

https://doi.org/10.3390/machines13010040  

Reserve Bank of India Occasional Papers, 43(1), 71-118.  

Hu, J., Huang, L., Li, W., & Xu, H. (2025). Financing Mechanisms and Preferences of Technology-Driven Small- 

and Medium-Sized Enterprises in the Digitalization Context. Systems, 13(2), 68. 

https://doi.org/10.3390/systems13020068  

InvestingPRO. (2025a). Alphabet Inc. Retrieved 04.02.2025 from https://tr.investing.com/pro/NASDAQGS:GOOGL 

InvestingPRO. (2025b). Meta Platforms Inc. Retrieved 04.02.2025 from 

https://tr.investing.com/pro/NASDAQGS:META 

InvestingPRO. (2025c). Microsoft Corporation. Retrieved 04.02.2025 from 

https://tr.investing.com/pro/NASDAQGS:MSFT 

Ivan, B., Olga, B., Oksana, H., Roman, P., Marta, S., & Khrystyna, K. (2024). Application of Grey Relational 

Analysis for Utilizing Artificial Intelligence Methods in Aviation Management. In R. Khamis & A. Buallay 

(Eds.), AI in Business: Opportunities and Limitations: Volume 1 (pp. 113-123). Cham, Springer Nature 

Switzerland. https://doi.org/10.1007/978-3-031-48479-7_11  

https://doi.org/10.1108/IJPHM-11-2023-0098
https://doi.org/10.1504/ijitm.2024.139576
https://doi.org/10.1007/s40964-024-00593-1
https://doi.org/10.1142/s0219649224500564
https://doi.org/10.1186/s43093-024-00376-8
https://doi.org/10.1108/WJE-10-2023-0436
https://doi.org/10.1007/s43621-025-00836-3
https://doi.org/10.1007/s11192-024-05033-z
https://doi.org/10.1007/s11192-024-05033-z
https://doi.org/10.51551/verimlilik.1410272
https://doi.org/10.3390/math12040520
https://doi.org/10.5109/7236805
https://doi.org/10.54443/jaruda.v3i3.208
https://doi.org/10.7764/eure.49.146.04
https://doi.org/10.3390/machines13010040
https://doi.org/10.3390/systems13020068
https://tr.investing.com/pro/NASDAQGS:GOOGL
https://tr.investing.com/pro/NASDAQGS:META
https://tr.investing.com/pro/NASDAQGS:MSFT
https://doi.org/10.1007/978-3-031-48479-7_11


Evaluation of Financial Performance of Software Firms Using Grey Relational Analysis Method IJMA 2025,  9(17): 1-12  

 
 

 

Jiayu, Y., & Haijiang, L. (2025). Quality Diagnosis for Rocket Body Structure Manufacturing Process Based on 

Product Quality DNA. Engineering Reports, 7(1), e13023. https://doi.org/10.1002/eng2.13023  

Jiménez, E., Moraga, M. Á., García, F., Calero, C., & García-Mireles, G. A. (2024). Towards a software industry 

corporate social responsibility reference model for software sustainability. Sustainable Development, 32(4), 

3471-3494. https://doi.org/10.1002/sd.2849  

Joseph, B., Deshpande, A., & Gupta, R. (2024). Innovative Human Resource Practices and Selected HR Outcomes in 

Software Firms in Kerala. Journal of the Knowledge Economy, 15(2), 7194-7215. 

https://doi.org/10.1007/s13132-023-01154-7  

Jui, U. S., Akther, N., Jahan, N., Rahman, M., & Sarwar, H. (2024). Challenges of Implementing Project 

Management Frameworks in Small and Medium-sized Software Enterprises. 2024 IEEE 4th International 

Conference on Software Engineering and Artificial Intelligence (SEAI), 21-23 June 2024, Xiamen, China,  

Kaya, A., Pamucar, D., Gürler, H. E., & Ozcalici, M. (2024). Determining the financial performance of the firms in 

the Borsa Istanbul sustainability index: integrating multi criteria decision making methods with simulation. 

Financial Innovation, 10(1), 21. https://doi.org/10.1186/s40854-023-00512-3  

Khalifeh, A., Al-Adwan, A. S., Alrousan, M. K., Yaseen, H., Mathani, B., & Wahsheh, F. R. (2023). Exploring the 

Nexus of Sustainability and Project Success: A Proposed Framework for the Software Sector. Sustainability, 

15(22).  

Khan, M. A., Abdullah, S., Khan, F., Qadir, A., & Ghani, F. (2024). A New Approach to Three Way Decision 

Through Spherical Double Hierarchy Linguistic Information. IEEE Access, 12, 599-617. 

https://doi.org/10.1109/ACCESS.2023.3302843  

Khare, M., Sharma, A., Goyal, A., & Jhamb, S. (2024). Enhancing machining efficiency in hybrid metal matrix 

composites through EDM parameter optimization via grey relational analysis. Engineering Research 

Express, 6(3), 035527. https://doi.org/10.1088/2631-8695/ad652e  

Kim, J., & Cho, S. E. (2024). Entrepreneurial Capabilities for Business Sustainability in Software Industries. 

Sustainability, 16(23).  

Li, Q., Su, L., Zhao, Y., Li, L., & Wang, X. (2024). An Evaluation Model of the Effectiveness of College Club 

Activities Based on Grey Relational Analysis. Innovative Mobile and Internet Services in Ubiquitous 

Computing, Cham. 

Macrotrends. (2025). Macrotrends - The Premier Research Platform for Long Term Investors. Retrieved 04.02.2025 

from https://www.macrotrends.net 

Micheal, R., Kyaw, K. S., & Quao, K. H. (2025). The impact of corporate governance on financial leverage: evidence 

from Egypt. International Journal of Business Governance and Ethics, 19(1), 1-29. 

https://doi.org/10.1504/ijbge.2025.142898  

Mohapatra, S., & Choudhary, A. (2024). Hiring process and contemporary methods: an empirical insight using Grey 

relational analysis. International Journal of Productivity and Quality Management, 42(1), 1-14. 

https://doi.org/10.1504/ijpqm.2024.138184  

Munir, M. B. U., & Ishfaq, M. (2025). Impact of environmental award and financial performance on environmental 

disclosure quality: a case study of listed companies in Pakistan. Discover Sustainability, 6(1), 65. 

https://doi.org/10.1007/s43621-025-00846-1  

Nguyen, B.-A., Duong, H.-T., Tsao, L.-L., & Chen, H.-M. (2023). An Educational Card Game Approach to 

Motivating the Learning of Software Engineering. Journal of Information Science and Engineering, 39(5), 

999-1022. https://doi.org/10.6688/jise.202309_39(5).0001  

Nkambule, N. A., Wang, W.-K., Ting, I. W. K., & Lu, W.-M. (2022). Intellectual capital and firm efficiency of US 

multinational software firms. Journal of Intellectual Capital, 23(6), 1404-1434. https://doi.org/10.1108/JIC-

02-2021-0041  

Oral, C., & Şenen, M. (2023). Gri İlişkisel Analiz Yöntemi İle Finansal Performans Değerlendirmesi: BİST’ De 

İşlem Gören Teknoloji Şirketleri Üzerine Bir Uygulama. İşletme Araştırmaları Dergisi, 15(2), 894-906. 

https://doi.org/10.20491/isarder.2023.1625  

Peng, C., Pan, Y., Men, X., Jiang, Z., & Fu, X. (2021). Comprehensive evaluation of surface integrity and parameter 

optimization of 45 steel subjected to ultrasonic surface rolling process. Journal of Physics: Conference 

Series, 2044(2021), 012123. https://doi.org/10.1088/1742-6596/2044/1/012123  

Ramasubbu, N., & Bardhan, I. R. (2021). Reconfiguring for Agility: Examining the Performance Implications for 

Project Team Autonomy Through an Organizational Policy Experiment. MIS Quarterly, 45(4), 2261-2280. 

https://doi.org/10.1002/eng2.13023
https://doi.org/10.1002/sd.2849
https://doi.org/10.1007/s13132-023-01154-7
https://doi.org/10.1186/s40854-023-00512-3
https://doi.org/10.1109/ACCESS.2023.3302843
https://doi.org/10.1088/2631-8695/ad652e
https://www.macrotrends.net/
https://doi.org/10.1504/ijbge.2025.142898
https://doi.org/10.1504/ijpqm.2024.138184
https://doi.org/10.1007/s43621-025-00846-1
https://doi.org/10.6688/jise.202309_39(5).0001
https://doi.org/10.1108/JIC-02-2021-0041
https://doi.org/10.1108/JIC-02-2021-0041
https://doi.org/10.20491/isarder.2023.1625
https://doi.org/10.1088/1742-6596/2044/1/012123


International Journal of Management and Administration IJMA 2025,  9(17): 1-12  
 

 

https://doi.org/10.25300/MISQ/2021/14997  

Rojas, H., Vargas, Z., Valdez, S., Serrano, M., del Pozo, A., & Alcántara, M. (2024). Taguchi, Grey Relational 

Analysis, and ANOVA Optimization of TIG Welding Parameters to Maximize Mechanical Performance of 

Al-6061 T6 Alloy. Journal of Manufacturing and Materials Processing, 8(6), 246. 

https://doi.org/10.3390/jmmp8060246  

Safi, S. K., Dorgham, M. M., & Allaloul, S. A. (2024). Impact of senior management’s financial intelligence on the 

financial performance of banks and insurance companies in the Gaza Strip. Discover Sustainability, 5(1), 84. 

https://doi.org/10.1007/s43621-024-00232-3  

Saleh, H. (2024). Empowering User-Centric Selection of Electric Vehicles Charging Stations: A Hybrid Approach 

Using the Best–Worst Method and Grey Relational Analysis. World Electric Vehicle Journal, 15(12), 575. 

https://doi.org/10.3390/wevj15120575  

Sanga, M. H., Situmorang, R., Seik, M. F., Bangngu, S. A., & Taus, S. P. W. (2025). The Effect of Liquidity on the 

Financial Performance of Companies in the Property, Real Estate and Building Construction Sectors Listed 

on the Indonesia Stock Exchange in 2023. Science Get Journal, 2(1), 1-8. 

https://doi.org/10.69855/science.v2i1.97  

Shan, X., Song, Y., & Song, P. (2024). How ESG performance impacts corporate financial performance: a DuPont 

analysis approach. International Journal of Climate Change Strategies and Management, ahead-of-

print(ahead-of-print). https://doi.org/10.1108/IJCCSM-07-2024-0125  

Shen, K. Y. (2024). Exploring the Relationship between Financial Performance Indicators, ESG, and Stock Price 

Returns: A Rough Set-based Bipolar Approach. Decision Making Advances, 2(1), 186-198. 

https://doi.org/10.31181/dma21202434  

Singh, A., Anish, P. R., & Ghaisas, S. S. (2024). SOFTMENT: Detecting Mental Health and Wellbeing of Women in 

the Software Sector. In UbiComp '24: Companion of the 2024 on ACM International Joint Conference on 

Pervasive and Ubiquitous Computing (pp. 405–411). Association for Computing Machinery, Melbourne 

VIC, Australia. https://doi.org/10.1145/3675094.3678493  

Singh, G., & Pandey, A. (2024). Environmental sustainability integrated supplier selection in electric vehicle supply 

chains: a grey relational analysis approach. Environment, Development and Sustainability. 

https://doi.org/10.1007/s10668-024-05294-x  

Statista Market Insights. (2024). Software - Worldwide. Retrieved 04.02.2025 from 

https://www.statista.com/outlook/tmo/software/worldwide 

Stock Analysis. (2025). Search for a stock to start your analysis. Retrieved 04.02.2025 from 

https://stockanalysis.com 

Sun, L., & Zheng, H. (2025). A Hybrid MCDM Approach for Evaluating Financial Performance Based on A Set of 

Business Companies. Neutrosophic Sets and Systems, 79, 747-758.  

Şekkeli, F. E., & Güçlü, F. (2023). Katılım Bankalarının Finansal Performanslarının Entropi Tabanlı Gri İlişkisel 

Analiz (Gia) Yöntemiyle Değerlendirilmesi. TESAM Akademi Dergisi, 10(2), 489-511. 

https://doi.org/10.30626/tesamakademi.1253985  

Taherdoost, H., & Madanchian, M. (2023). Multi-Criteria Decision Making (MCDM) Methods and Concepts. 

Encyclopedia, 3(1), 77-87. https://doi.org/10.3390/encyclopedia3010006  

TradingView. (2025). Top of the software world. Retrieved 04.02.2025 from 

https://www.tradingview.com/markets/world-stocks/worlds-largest-software-companies/ 

Vargün, E., & Soylu, N. (2024). KOBİ’lerde Nakit Akım Esaslı Finansal Performans: Gri İlişkisel Analiz Yöntemiyle 

Bir Uygulama. Uluslararası Bankacılık Ekonomi ve Yönetim Araştırmaları Dergisi, 7(1), 64-87. 

https://doi.org/10.52736/ubeyad.1439559  

Venugopal, R., Veeramani, C., & Das, A. (2024). Integrated Neutrosophic DEMATEL, TOPSIS, and GRA Approach 

for Financial Ratio Performance Evaluation of NASDAQ Exchange. International Journal of Industrial 

Engineering: Theory, Applications and Practice, 31(1). https://doi.org/10.23055/ijietap.2024.31.1.8523  

Wael Sh, B. (2024). Enhancing AI Auto Efficacy: Role of AI Knowledge, Information Source, Behavioral Intention 

and Information & Communications Technology Learning. Profesional de la información, 33(3). 

https://doi.org/10.3145/epi.2024.ene.0325  

Wang, Z.-J., Sun, Y.-Y., Chen, Z. S., Feng, G. Z., & Su, Q. (2023). Optimal versioning strategy of enterprise 

software considering the customer cost-acceptance level. Kybernetes, 52(3), 997-1026. 

https://doi.org/10.1108/K-04-2021-0339  

https://doi.org/10.25300/MISQ/2021/14997
https://doi.org/10.3390/jmmp8060246
https://doi.org/10.1007/s43621-024-00232-3
https://doi.org/10.3390/wevj15120575
https://doi.org/10.69855/science.v2i1.97
https://doi.org/10.1108/IJCCSM-07-2024-0125
https://doi.org/10.31181/dma21202434
https://doi.org/10.1145/3675094.3678493
https://doi.org/10.1007/s10668-024-05294-x
https://www.statista.com/outlook/tmo/software/worldwide
https://stockanalysis.com/
https://doi.org/10.30626/tesamakademi.1253985
https://doi.org/10.3390/encyclopedia3010006
https://www.tradingview.com/markets/world-stocks/worlds-largest-software-companies/
https://doi.org/10.52736/ubeyad.1439559
https://doi.org/10.23055/ijietap.2024.31.1.8523
https://doi.org/10.3145/epi.2024.ene.0325
https://doi.org/10.1108/K-04-2021-0339


Evaluation of Financial Performance of Software Firms Using Grey Relational Analysis Method IJMA 2025,  9(17): 1-12  

 
 

 

Wang, Z., Zhang, H., Wang, J., Jiang, C., He, H., & Ding, Y. (2025). Forecasting time to risk based on multi-party 

data: An explainable privacy-preserving decentralized survival analysis method. Information Processing & 

Management, 62(1), 103881. https://doi.org/10.1016/j.ipm.2024.103881  

Wu, Z., Huang, M., Xing, Z., & Yang, T. (2024). Improving Short-Term Traffic Flow Prediction using Grey 

Relational Analysis for Data Filtering and Stacked LSTM Modeling. International Journal of Computers 

Communications & Control, 19(1), 6149. https://doi.org/10.15837/ijccc.2024.1.6149  

Yeon, J., Song, H. J., & Kim, B. (2025). Moral Imperative or Economic Necessity? The Role of Institutional 

Investors in the Corporate Social Responsibility—Financial Performance Relationship. Sustainability, 17(2).  

Zhao, H., Lu, C., & Zhang, Y. (2024). Optimal site selection for wind-photovoltaic-complemented storage power 

plants based on Geographic Information System and Grey Relational Analysis-Group Criteria Importance 

Through Inter Criteria Correlation-Interactive and Multicriteria Decision Making: A case study of China. 

Journal of Energy Storage, 92, 112148. https://doi.org/10.1016/j.est.2024.112148  

Zhu, M., Chen, Y., Chen, Y., & Hu, K. (2025). Application of Taguchi-grey relational analysis for optimizing 

process parameters of laser cladding for 316L stainless steel. International Journal on Interactive Design and 

Manufacturing (IJIDeM). https://doi.org/10.1007/s12008-024-02218-x  

 

https://doi.org/10.1016/j.ipm.2024.103881
https://doi.org/10.15837/ijccc.2024.1.6149
https://doi.org/10.1016/j.est.2024.112148
https://doi.org/10.1007/s12008-024-02218-x

