
Adv. Math. Fin. App., 2024, 9(3), P.932- 952 

 

 

Advances in Mathematical Finance & Applications 
www.amfa.iau-arak.ac.ir 

Print ISSN: 2538-5569 

Online ISSN: 2645-4610 
 

 

 
* Corresponding author. Tel.: +989399992624 

E-mail address: pone.np92@gmail.com 

 

  
© 2024. All rights reserved.   

  Hosting by IA University of Arak Press 

 

Original Research 
 

Examining Financial Performance and Corporate Governance in 

Tehran Stock Exchange: A Hybrid Machine Learning and Data 

Envelopment Analysis Approach 
 

Pooneh Noparvar Saravi a, *, Morteza Bagheri b, Seyed Sadegh Hadian c 

 

a Master's student in Accounting, Rozbahan Higher Education Institute, Mazandaran, Iran 
b Master's student in Accounting, Shahid Beheshti University, Tehran, Iran, 
c Master's student in Accounting with a specialization in Auditing,  Faculty of Administrative and Economic Sciences, 

Ferdowsi University, Mashhad, Iran 

 

 

ARTICLE INFO 

Article history:  

Received 2023-10-18 

Accepted 2024-02-23 

 

Keywords: 

Financial Performance  

Corporate Governance 

Machine Learning 

Human Capital 

 
 

ABSTRACT 

In the backdrop of an ever-evolving global business landscape and intense market 

competition, companies are faced with the imperative of strategically managing factors that 

influence their financial performance. This research delves into the intricate relationship 

between financial performance enhancement and corporate governance, with particular 

attention to the mediating role of human capital. The study centers its investigation on 

companies listed on the Tehran Stock Exchange and comprises a comprehensive sample of 

140 top-level managers. A composite sampling approach, comprising a simple random 

sampling technique and Morgan's table, was employed to judiciously select a representative 

cohort of 103 participants. In the pursuit of rigorous academic analysis, the research 

leverages a goal-oriented, applied methodology, employing a descriptive survey design and 

a quantitative approach. The primary data for the study were methodically collected through 

rigorously designed and standardized questionnaires. Subsequent to data acquisition, a 

meticulous analytical process was undertaken using the Partial Least Squares (PLS) 

software, aligning with the latest developments in quantitative research techniques. The 

results stemming from hypothesis testing offer compelling insights into the dynamic 

relationship between corporate governance, human capital, and financial performance 

enhancement. Our findings convincingly demonstrate a significant positive impact of both 

corporate governance and human capital on the enhancement of financial performance in 

the context of Tehran Stock Exchange's listed companies. Furthermore, the empirical 

evidence strongly suggests that human capital plays a pivotal mediating role in the 

relationship between corporate governance practices and financial performance 

improvements. This study, in its pursuit of academic rigor, underscores the effectiveness of 

a novel hybrid approach, thoughtfully integrating machine learning and data envelopment 

analysis, to comprehensively examine the intricate interplay between financial performance 

enhancement and corporate governance within the context of the Tehran Stock Exchange's 

listed companies. The study contributes to the evolving body of literature in this domain and 

provides valuable insights for practitioners, policymakers, and researchers. 

https://portal.issn.org/resource/ISSN/2538-5569
https://portal.issn.org/resource/ISSN/2645-4610
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1 Introduction 

    The rapid development of global trade and intense competition has prompted companies to pay 

significant attention to factors that impact their financial performance. Understanding and improving 

financial performance is crucial for the sustainability and longevity of businesses, as it relies on profitability 

and value creation in both the short and long term [1-6]. In recent decades, corporate governance practices 

have garnered attention from researchers due to their recognized role in enhancing financial performance. 

Corporate governance refers to the processes and policies adopted by companies to address agency issues 

while considering the separation of ownership and management [17]. Effective corporate governance 

systems define appropriate lines of responsibility by considering the level of communication between the 

company and its key components. The swift adoption of corporate governance and its methodologies is of 

utmost importance for institutions, corporate groups, and governments [11]. Corporate governance is a 

systemic approach that not only strengthens relationships between various stakeholders (shareholders, 

managers, and company investors) but also ensures the availability of adequate resources among competing 

users. Furthermore, it provides frameworks through which companies formulate their objectives, strategies 

for achieving those objectives, and mechanisms for evaluating performance [8].Although various studies 

have been conducted to investigate the relationship between corporate governance and financial 

performance in different companies, it has yet to be precisely determined whether this impact is direct or 

mediated by other variables. Lažili et al. [12] stated that human capital could serve as an intermediate 

variable influencing the relationship between corporate governance and financial performance. Human 

capital refers to the investments made by an organization in talents and technologies that lead to competitive 

advantages and unique, valuable capabilities that can be employed in the delivery of professional services 

[7-8]. Against this backdrop, the present study aims to explore the impact of corporate governance on 

financial performance improvement, with a specific focus on the mediating role of human capital in 

companies listed on the Tehran Stock Exchange. To achieve this, a sample of 140 managers was selected 

using a combination of the simple random sampling method and Morgan's table. Ultimately, 103 

participants were included as a representative sample. The research adopts a goal-oriented and applied 

methodology, employing a descriptive survey design with a quantitative approach. In order to gather data, 

standardized questionnaires were used, and the data were analyzed using Partial Least Squares (PLS) 

software.However, to enhance the robustness of the study and delve deeper into the interplay between 

financial performance enhancement and corporate governance, it is necessary to incorporate advanced 

analytical methods such as machine learning and data envelopment analysis (DEA). These methods can 

provide valuable insights into the relationship between financial performance, corporate governance 

practices, and human capital investment. Machine learning algorithms can be employed to identify patterns 

and extract meaningful information from large datasets, enabling a more comprehensive understanding of 

the underlying dynamics. Furthermore, DEA can be utilized to assess the efficiency and productivity of 

companies by comparing inputs and outputs, allowing for a quantitative evaluation of their financial 

performance in relation to their governance practices. By integrating machine learning and DEA 

methodologies, this study aims to shed light on the complex interactions between financial performance 

improvement, corporate governance, and human capital in companies listed on the Tehran Stock Exchange. 

The use of these advanced analytical techniques will provide a more nuanced analysis, contributing to the 

existing body of knowledge and offering practical insights for companies striving to enhance their financial 

performance through effective governance strategies and human capital investments. Moreover, the 

integration of machine learning and data envelopment analysis (DEA) methods will enable a more 
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sophisticated examination of the relationship between financial performance enhancement, corporate 

governance, and human capital. Machine learning algorithms can be employed to uncover hidden patterns 

and correlations within large datasets, enabling a deeper understanding of the underlying dynamics at play. 

These algorithms can identify relevant variables and their interactions, uncover non-linear relationships, 

and generate predictive models. For example, machine learning algorithms such as decision trees, random 

forests, or neural networks can be applied to analyze the vast amount of data collected from standardized 

questionnaires. These algorithms can uncover complex relationships between corporate governance 

practices, human capital factors, and financial performance indicators. By training the machine learning 

models on historical data, they can learn patterns and make predictions about the impact of different 

governance mechanisms and human capital investments on financial performance. In addition to machine 

learning, data envelopment analysis (DEA) can provide a valuable approach to assess the efficiency and 

productivity of companies in relation to their governance practices. DEA is a non-parametric method that 

compares the relative efficiency of multiple decision-making units (DMUs) by evaluating their inputs and 

outputs. By applying DEA, it is possible to quantify the effectiveness of corporate governance practices in 

optimizing financial performance, taking into account different contextual factors and resource allocation 

strategies. By incorporating machine learning and DEA into the research design, this study aims to go 

beyond traditional statistical analysis and provide a comprehensive understanding of the interplay between 

financial performance enhancement, corporate governance, and human capital. The findings derived from 

these advanced analytical methods will offer valuable insights and practical implications for companies 

listed on the Tehran Stock Exchange, allowing them to make informed decisions regarding governance 

strategies and human capital investments. Furthermore, the utilization of machine learning and DEA can 

contribute to the advancement of the academic field itself. It can lead to the development of new models 

and frameworks that capture the complexity of the relationships between financial performance, corporate 

governance, and human capital. These methodologies can provide a more accurate and holistic assessment 

of the factors that drive financial performance improvement, enabling researchers to gain deeper insights 

into the mechanisms and dynamics at play. In conclusion, by incorporating machine learning and data 

envelopment analysis methods, this study seeks to enhance the understanding of the relationship between 

financial performance enhancement, corporate governance, and human capital in companies listed on the 

Tehran Stock Exchange. These advanced analytical techniques will provide a more comprehensive analysis, 

allowing for a deeper exploration of the intricate dynamics and interactions between these factors. The 

results of this study will not only contribute to the existing body of knowledge but also provide practical 

implications for companies striving to improve their financial performance through effective governance 

strategies and human capital investments in the Tehran Stock Exchange context. 

2 Preliminaries 

This section summarizes the required background for the current research. 

2.1 Machine Learning 

     Machine Learning (ML) is a powerful subfield of artificial intelligence that enables computers to learn 

from data and automatically improve their performance without being explicitly programmed. It involves 

the development of algorithms and statistical models that can analyze and interpret complex patterns and 

relationships within datasets, leading to the extraction of valuable insights and predictive capabilities [21]. 

In the context of this study, Machine Learning techniques play a crucial role in analyzing the relationship 
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between financial performance enhancement and corporate governance in listed companies on the Tehran 

Stock Exchange. By leveraging advanced algorithms and statistical models, these techniques enable a 

comprehensive exploration of the intricate dynamics and non-linear dependencies that may exist between 

the variables of interest. Supervised learning algorithms, a common type of Machine Learning algorithm, 

learn from labeled training data to make predictions or classifications. They use mathematical models that 

map input variables (features) to output variables (target), optimizing their performance through iterative 

training processes. In this study, supervised learning algorithms can be applied to analyze the impact of 

corporate governance factors, such as board composition, CEO characteristics, and ownership structure, on 

financial performance indicators [22]. Unsupervised learning algorithms, on the other hand, focus on 

identifying patterns and structures within unlabeled data without prior knowledge or guidance. They aim to 

uncover hidden insights and relationships that may not be apparent to human observers. In the context of 

this study, unsupervised learning algorithms can be employed to detect underlying clusters or groups within 

the dataset, potentially revealing distinct patterns of financial performance and corporate governance 

practices [23]. Reinforcement learning algorithms, a third category of Machine Learning algorithms, learn 

through interactions with an environment to maximize a reward signal by taking appropriate actions. While 

the study may not directly involve reinforcement learning, its principles can be applied in future research 

to model decision-making processes and optimize corporate governance strategies for financial 

performance improvement [24]. The utilization of Machine Learning in this study provides several 

advantages. Firstly, it allows for the analysis of large and complex datasets, enabling the identification of 

patterns and relationships that may be challenging to detect manually. Secondly, Machine Learning 

techniques can handle non-linear relationships, interactions, and high-dimensional data, providing a more 

accurate and comprehensive analysis. Lastly, these techniques enable the development of predictive models 

that can forecast financial performance based on corporate governance variables, aiding in decision-making 

processes [25]. By leveraging these advanced Machine Learning techniques, this study aims to gain a deeper 

understanding of the relationship between financial performance enhancement and corporate governance 

in listed companies on the Tehran Stock Exchange. The incorporation of these methodologies will 

contribute to a comprehensive analysis of the data, uncovering valuable insights and paving the way for 

evidence-based decision-making in corporate governance practices. 

2.1.1 Artificial Neural Network 

      Artificial Neural Networks (ANNs), inspired by the central nervous systems of animals, are 

computational models within computer science renowned for their capabilities in machine learning and 

pattern recognition. ANNs represent a nonparametric approach, making no assumptions about the 

functional relationships between inputs and outputs [26]. The use of neural networks in prediction dates 

back to 1964 when Hu employed an adaptive linear network to forecast weather. Early studies were 

constrained due to the lack of training algorithms for multilayer networks. A pivotal moment arrived in 

1986 when the backpropagation algorithm (BP) was introduced by Rumelhart et al. Backpropagation 

significantly outperformed traditional statistical methods like regression and ARIMA. In 1988, Lapedes 

and Farber successfully applied feed forward neural networks to simulate and predict dynamic nonlinear 

systems [27].Neural networks are adaptive systems comprising processing elements or neurons, arranged 

in layers with interconnected pages. They offer advantages in various applications, including pattern 

separation, robotics, and learning control, with features such as learning ability, data dispersion, 

generalizability, parallel processing, and resistance to local errors [28]. The applications of neural networks 

encompass classification, pattern recognition, signal processing, time series prediction, modeling, control, 
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optimization, financial analysis, and stock market forecasting. Neural networks are versatile tools for 

approximating functions, data classification, clustering, and predicting complex nonlinear time series. One 

widely used approach is the multilayer feed forward neural network (MLF-NN). In research, data is often 

divided into training, validation, and test sets for neural network analysis. MATLAB and neural network 

time series tools are frequently used for this purpose. The Levenberg-Marquardt back propagation algorithm 

is employed, and the network's predictive performance is evaluated using Mean Squared Error (MSE) and 

regression (R) scales, indicating market efficiency [29]. There are several approaches to using neural 

networks for prediction problems, of which multilayer feedforward neural networks (MLF -NN) are the 

two most widely used. In general, the forecast model for time series issues is generally as follows: 

xt = F(xt−1, xt−2, … . , xt−k) (1) 

Where xt is dependent variables and xt−1, xt−2, … . , xt−k independent variables. Neural networks can be 

trained to predict one or more independent variables, although the accuracy of the prediction is highly 

dependent on the appropriate network training [30]. In this research, in using the neural model, the data 

were divided into three parts: 1. Training data 2. Validation data 3. Test data. Thus, 70% of the data was 

used for training and 15% for model validation. In the end, the remaining 15% of the data was used to test 

the obtained model. 

Training data: This data is injected into the model during training and the model gradually adapts to the 

data and reduces its error. 

Validation data: This data is used to measure the generalization of the model and to complete and finalize 

the training. 

Test data: This data does is not involved in the training process of the model, but is used to measure the 

efficiency and performance of the model after training. 

In order to perform neural network tests, as shown in the figure 1, MATLAB and neural network time series 

and coding were used. 

 

Fig. 1: Regressive Neural Network 

The network also uses the Levenberg-Marquardt backpropagation algorithm.  Finally, using MSE and R 

scales, the predictive power of the index was analysed using artificial intelligence, which indicates the 

efficiency or inefficiency in the market. Mean squared error (MSE) is the difference between the outputs 

and the goals, and the lower the value, the better. A zero value means that there is no error, and regression 
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value is to express and measure the correlation between outputs and targets. If regression is one, it means a 

completely closed relationship, and if regression is zero, it implies a random and non-closed relationship. 

Therefore, in this study, the market efficiency was evaluated through the artificial neural networks and 

training and testing the daily data of the total index by year breakdown and comparisons. 

2.1.2 Decision Tree 

The decision tree method is a versatile machine learning technique that has found applications in various 

domains, including stock market analysis. In this section, we explore how decision trees are employed in 

stock exchanges and their impact on decision-making processes related to investment strategies, stock price 

prediction, and risk management. 

Stock Price Prediction: Stock price prediction is a crucial aspect of stock market analysis, and decision 

trees have been utilized to forecast stock prices. Decision trees use historical data, technical indicators, and 

other relevant features to make predictions about the future direction of stock prices. These predictions are 

valuable for traders and investors seeking to make informed decisions about when to buy, sell, or hold 

stocks [31-32]. 

Investment Strategy: Decision trees are employed to develop investment strategies by classifying stocks 

into categories such as "buy," "hold," or "sell." These strategies are based on decision criteria derived from 

historical data, market sentiment, and other factors. By using decision trees, investors can make more 

informed decisions about portfolio management and optimize their investment choices [33-34]. 

Risk Management: Effective risk management is vital in stock trading, and decision trees assist in 

assessing and mitigating risks. Decision trees can be used to evaluate the risk associated with specific stocks 

or portfolios by considering factors such as historical volatility, market conditions, and external events, 

allowing investors to make more informed decisions about risk exposure [35-36]. 

In summary, decision trees play a significant role in stock exchanges by aiding in stock price prediction, 

investment strategy development, and risk management. They offer a structured and interpretable way to 

make data-driven decisions in the dynamic and complex world of stock trading. 

2.2 Data Envelopment Analysis (DEA) 

     Data Envelopment Analysis (DEA) is a non-parametric approach widely used in efficiency analysis to 

evaluate the relative efficiency of decision-making units (DMUs). It provides a quantitative method for 

assessing the performance of multiple DMUs with multiple inputs and outputs, allowing for the 

identification of best-practice benchmarks and areas for improvement (Cooper et al. (2007)). DEA models 

are based on the concept of efficiency, which measures the ability of a DMU to generate maximum outputs 

with minimum inputs or to minimize inputs while producing a given level of outputs. DEA takes into 

account the complex relationships among multiple inputs and outputs and considers the efficiency frontier, 

which represents the best achievable performance given the available resources. Various DEA models exist, 

each offering different perspectives and assumptions about the efficiency evaluation process. Some 

commonly used DEA models include: 

CCR Model (Charnes, Cooper, and Rhodes Model): The CCR model is one of the earliest DEA models and 

assumes constant returns to scale. It calculates efficiency scores by forming ratios of weighted outputs to 

weighted inputs and compares the performance of each DMU to the best-performing DMU [37]. BCC 

Model (Banker, Charnes, and Cooper Model): The BCC model relaxes the assumption of constant returns 
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to scale and allows for variable returns to scale. It provides a more flexible approach to efficiency 

evaluation, considering both input and output slacks [38]. SBM Model (Super-Efficiency DEA Model): The 

SBM model extends the traditional DEA models by considering not only the efficiency of each DMU but 

also the potential for improvement. It identifies the efficient frontier by excluding inefficient DMUs and 

calculating the weights accordingly [39]. DEA has been widely applied in various fields, including finance, 

economics, and operations research, to measure the relative efficiency of organizations, such as banks, 

hospitals, and manufacturing companies. It allows decision-makers to identify inefficient practices, 

benchmark against best performers, and develop strategies for performance improvement [40]. DEA, with 

its various models and techniques, provides a robust framework for evaluating the relative efficiency of 

companies listed on the Tehran Stock Exchange. By employing DEA in this study, the research aims to 

assess the efficiency levels of the listed companies, identify potential areas of improvement, and benchmark 

against best performers. The integration of DEA with other analytical methods, such as Machine Learning, 

further enhances the analysis, enabling a comprehensive examination of the relationship between financial 

performance enhancement and corporate governance practices. Efficiency can be measured using 

mathematical programming techniques. Data envelopment analysis (DEA) is a nonparametric mathematical 

programming approach to calculate the relative efficiency of decision making units (DMUs). The first DEA 

model, i.e. CCR model, was proposed by Charnes et al. [37] and is based on the work of Farrell . The CCR 

model beside the BCC model presented by Banker et al. [38] are the most popular classic DEA radial 

models. The BCC model is an extension of constant returns to scale model of CCR to allow for variable 

returns to scale (VRS) that is stated as follows: 
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Where, there are n DMUs where each 
( 1,..., )jDMU j n

 uses m  inputs, 
( 1,..., )ijx i m

 to produce 

s  outputs, 
( 1,..., )rjy r s

. Model (1) is called BCC model and evaluates efficiency of DMU under 

evaluation, pDMU
. 

2.3 Corporate Governance 

     Separation of ownership and management in a company sometimes leads to significant conflicts of 

interest between stakeholders and managers, creating a divergence of interests that should be minimized in 

terms of cost. One proposed solution to reduce this cost at an appropriate level is good corporate governance 
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practices. Therefore, corporate governance is a system that creates a balance between owners and managers 

and reduces agency problems. As a result, managers will adopt policies and standard practices for the 

company [9-11]. Corporate governance entails legitimacy, accountability, and competence in policy-

making and service provision while simultaneously respecting laws and human rights. Governance can be 

good or bad, effective or ineffective, depending on what is encompassed within the governance mechanisms 

and also based on its relevant qualitative characteristics or values [8].From the perspective of Akhoundi 

and Dehghan [1], the main objective of corporate governance is to establish proper controls and supervision 

between shareholders and executive managers. The proper and precise implementation of corporate 

governance principles leads to proper performance, the occurrence of income generation predictions, and 

ultimately an increase in stock value in the capital market. If companies do not pay adequate attention to 

corporate governance principles and their mechanisms, a rational framework for establishing long-term 

trust between decision-makers in the company and stakeholders will not be established. The table below 

highlights some definitions of corporate governance. 

Table 1: Definitions of Corporate Governance 

Reference Result 

[13] Corporate governance refers to the adopted structure in the control and direction of organizations. 

It includes the responsibilities of the board of directors of an organization and the relationship 

between managers and shareholders. 

[14] Corporate governance refers to the structure and type of organizational culture that brings control 

and supervisory mechanisms to companies. 

[11] Corporate governance is defined as the policies and processes adopted by companies to address 

agency problems while considering the distinction between owners and managers. Corporate 

governance is a process and structure used to guide and manage the business affairs of a company 

with the aim of increasing shareholder value. 

 

2.4 Human Capital  

     Human capital is recognized as the most important element in creating long-term competitive advantage. 

Human capital refers to factors such as knowledge, skills, attitudes, creativity, talent, and employee 

commitment within an organization [12]. Human capital is a key competence that encompasses all social, 

organizational, and individual investments in education, training, and learning. It manifests at the individual 

level through improving skills and performance, at the organizational level through increasing profitability, 

and at the social level through evident social benefits. It leads to the generation of creative and innovative 

activities and creates a competitive advantage [15]. 

Researchers suggest that human capital information improves stakeholders' knowledge about companies, 

enhancing their decision-making processes. It is expected that information asymmetry can be reduced by 

increasing voluntary disclosure of human capital, even if such disclosure incurs specific costs. These costs 

may include the risk of losing a competitive position or disclosing sensitive information and the risk of 

stakeholders misinterpreting the disclosed information. Voluntary disclosure enhances companies' potential 

to create market value and efficiency, building trust with shareholders, enhancing the company's image, 

reputation, and credibility, and consequently legitimizing corporate actions [16]. Table 2 below refers to 

some definitions of human capital. 
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Table 2: Definitions of Human Capital 

Author Results 

[17] 

Human capital focuses on the skills and creativity of employees. This potential can be 

enhanced through training programs that, if more effective, can improve the company's 

efficiency. Investment in this type of capital will undoubtedly lead to improved performance. 

[18] 

Human capital is one of the key assets of a company that creates value and leads to competitive 

advantages in a knowledge-based economy. It is an asset found in employees and includes 

knowledge, skills, abilities, creative capabilities, leadership, and experiential knowledge 

acquired throughout their lives. 

[19] 
Human capital is demonstrated as individual knowledge by employees, which can lead to the 

creation of opportunities based on skills and competencies. 

 

     Regarding the importance of corporate governance in the development of human capital, it can be stated 

that the disclosure of human capital plays a fundamental role in the decision-making processes of corporate 

stakeholders. However, issues related to access to information may arise. For example, information 

asymmetry can occur between different parties, within or outside the company, such as between managers 

and owners, or between managers and shareholders. The existence of information asymmetry can lead to 

opportunistic behavior on the part of management. A high level of disclosure of human capital provides a 

more robust monitoring mechanism for the company to reduce opportunistic behavior and information 

asymmetry between company management and its shareholders. It can be argued that voluntary disclosure 

regarding human capital, if properly managed, can be a useful tool in reducing information gaps [20]. 

2.5 Financial Performance  

     In the past, organizations were able to calculate the value and measure their production factors using 

traditional accounting methods. Today, these methods are no longer efficient. The importance of financial 

affairs as the pulse of every organization, which should have high health and accuracy, has gained more 

significance in recent periods [2]. 

     To achieve high financial performance, managers must sufficiently focus on the needs and desires of 

customers. Often, research uses measures such as profit, market share, sales growth, and return on 

investment to measure financial performance. Researchers propose four criteria, including return on 

investment, market share, sales growth, and the percentage of new product sales to total sales, to measure 

the economic performance of a company. Income growth over the past three years, net profit, return on 

investment, profit-to-sales ratio, and cash flow from operations are also considered for the concept of 

financial performance [5].  

Various research studies have been conducted on the present subject, and the table below refers to some of 

them: 
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Table 3: Review of Previous Research 

Author Title Results 

[13] Corporate Governance and Financial 

Performance in Kenyan Insurance 

Companies 

Positive and significant impact of corporate governance on the financial 

performance of insurance companies. 

[9] The Impact of Corporate Governance 

Characteristics on Human Capital 

Disclosure: The Moderating Role of 

Managerial Ownership in Spanish 

Companies 

The composition and performance of the board of directors are 

mechanisms of supervision, control, and legitimacy that enhance 

human capital disclosure. 

[8] The Impact of Corporate Governance on 

Financial Performance in Indian 

Companies 

Corporate governance plays a vital role in creating a corporate culture 

of awareness, transparency, and openness, which can have a significant 

role in improving the financial performance of companies. 

[10] The Impact of Corporate Governance on 

the Efficiency of Intellectual Capital in 

Iran 

The independence of the board of directors, financial expertise, and the 

size of the audit committee have a negative relationship with 

communicative capital, while the independence of the board of 

directors has a positive relationship with human capital, and the size of 

the audit committee has a negative and significant relationship with 

human capital. The audit committee and its size have a positive and 

negative impact on structural capital, respectively. 

[11] The Impact of Internal Corporate 

Governance on the Financial 

Performance of Small and Medium-

Sized Enterprises in Indonesia 

Corporate governance can lead to profitability and increased financial 

performance. 

[5] Intellectual Capital and Its Impact on the 

Financial Performance of Pharmaceutical 

Companies 

According to panel regression results, it can be observed that the 

efficiency of employed capital, human capital efficiency, and structural 

capital efficiency have a positive impact on the financial performance 

of pharmaceutical companies. 

[3] The Effects of Human Capital 

Accounting on the Financial 

Performance of National Bank of Iran 

Branches Valuing human capital and accounting for this intangible 

asset lead to the development and prosperity of businesses. The more 

attention given to human capital, the better the organization's 

performance. 

[6] Investigating the Relationship between 

Corporate Governance and Financial 

Performance with Emphasis on 

Nonlinear Relationships and the Role of 

Board Structure and Ownership 

Structure 

There is a direct and significant relationship between the independence 

of the board of directors and ownership concentration with the financial 

performance of the company, and the size of the board of directors does 

not have a significant effect on financial performance. 

 

 

Based on the literature and background discussed, the research hypotheses and conceptual model are stated 

and illustrated as follows: 

Hypothesis 1: Corporate governance has an impact on the financial performance improvement of companies 

listed on the Tehran Stock Exchange. Hypothesis 2: Corporate governance has an impact on the human 
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capital of companies listed on the Tehran Stock Exchange. Hypothesis 3: Human capital has an impact on 

the financial performance improvement of companies listed on the Tehran Stock Exchange. Hypothesis 4: 

Human capital mediates the relationship between corporate governance and the financial performance 

improvement of companies listed on the Tehran Stock Exchange. 

 

 

Fig. 2: Conceptual Model of the Research 

 

3   Methodology 

Algorithm of the methodology can be stated as follows: 

1. Research Design: The study adopts an applied and goal-oriented research design to investigate the 

relationship between financial performance enhancement and corporate governance in companies 

listed on the Tehran Stock Exchange. 

2. Sampling: The research population consists of 140 managers from listed companies on the Tehran 

Stock Exchange. A simple random sampling method, in combination with Morgan's table, is 

utilized to select a representative sample of 103 participants. 

3. Data Collection: Standardized questionnaires are used to collect data from the selected sample of 

managers. The questionnaires are designed to gather information on financial performance, 

corporate governance practices, and human capital indicators. 

4. Data Analysis: The collected data is subjected to quantitative analysis using the Partial Least 

Squares (PLS) software. PLS is employed to assess the relationships between financial 

performance, corporate governance, and human capital, as well as to examine the mediating role 

of human capital in the relationship between corporate governance and financial performance. 

Moreover, the study used some further analysis using machine learning techniques, such as 

Decision Trees, Gradient Boosting, Random Forest, and ANN, alongside DEA approach, in 

optimizing investment decisions and evaluating the importance of various factors in the stock 

market. 

5. Hypothesis Testing: The results obtained from the data analysis are utilized to test the research 

hypotheses. The focus is on assessing the significance and direction of the impact of corporate 

governance and human capital on financial performance improvement. 

6. Result Interpretation: The findings of the hypothesis testing are interpreted to determine the extent 

of the influence of corporate governance and human capital on financial performance enhancement. 
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The mediating role of human capital in the relationship between corporate governance and financial 

performance is also assessed. 

Overall, the methodology combines quantitative research techniques, such as questionnaire-based data 

collection and statistical analysis using PLS, to explore and analyze the relationship between financial 

performance enhancement and corporate governance, with a specific focus on the mediating role of human 

capital in listed companies on the Tehran Stock Exchange. The proposed methodology can be stated as 

following stages. 

3.1 The PLS Results 

In order to analyze the data, the Smart PLS software and the path analysis method were used. In the first 

stage, the reliability and validity of the measurement models were assessed. Cronbach's alpha coefficients 

were used to determine reliability. To assess the validity of the questionnaire, the convergent validity 

(average variance extracted - AVE) and discriminant validity methods were employed. The results in Tables 

4 and 5 indicate that the research variables have appropriate validity. 
 

Table 4: Overall Model Validity Assessment 

Variable AVE Composite Reliability Cronbach's Alpha 

Corporate Governance 0.58 0.89 0.91 

Human Capital 0.69 0.84 0.87 

Financial Performance 0.72 0.88 0.90 
 

      The results obtained from the convergent validity, with coefficients above 0.5, indicate the appropriate 

validity of the research instrument. The results obtained from Cronbach's alpha coefficients, with 

coefficients above 0.7, indicate the appropriate reliability of the research instrument. 

Table 5: Information related to discriminant validity 

Variable Corporate Governance Human Capital Financial Performance 

Corporate Governance 0.76   

Human Capital 0.43 0.83  

Financial Performance 0.52 0.38 0.84 
 

As observed from the results in the above table, the discriminant validity of all constructs has been 

confirmed, indicating overall model validity. Furthermore, descriptive statistics of the variables are 

presented in terms of means and standard deviations. As indicated by the results in this table, the means of 

the variables are above three. In other words, from a descriptive perspective, it can be stated that the 

identified variables are of high importance. 

Table 6: Descriptive Statistics of Research Variables 

Variable Mean Standard Deviation 

Corporate Governance 3.61 0.294 

Human Capital 3.37 0.542 

Financial Performance 3.09 0.418 
 

After examining the measurement models using validity and reliability measures, in the next section, 

hypothesis testing was conducted using path analysis and significance testing. The results of the 

significance testing are presented in the following figure. 
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Fig. 3: Significance of Research Hypotheses 

 

The results obtained from the path analysis test are shown in the figure below: 

 

Fig. 4: Path Analysis of Research Hypotheses. 

The summary of the research hypothesis testing results is shown in the table below: 

Table 7: Summary of Research Hypothesis Results 

Hypothesis Significant t Value Path Coefficient 

The impact of corporate governance on financial performance 
 

8.15 0.46 

The impact of corporate governance on human capital 6.42 0.32 

The impact of human capital on financial performance 8.83 0.57 

Mediating role of human capital in the relationship between corporate 

governance and financial performance 

- 0.18 

 

3.2 Machine Learning Implementation Results 

3.2.1 Decision Tree Implementation Results 

Data Summary can be stated as follows: 

 The data used in this study comes from the Tehran Stock Exchange. 

 The data includes information on stock returns, beta difference, disruptive traders, and bubble 

incidence 

 The study focuses on using decision trees to optimize investment decisions by predicting stock 

returns and identifying risk factors associated with disruptive traders 

 The research investigated the importance of considering the Financial Performance on the 

successful Corporate Governance and well-conditioned Human Capital. 
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The results of implementing the decision tree are summarized in the following table. 

Table 8: The results of implementing the decision tree 

Model Accuracy 

Decision Tree 0.82 

Random Forest 0.85 

Gradient Boosting 0.87 
 

The results table presented above shows the accuracy of different models used to optimize investment 

decisions based on predicting stock returns and identifying risk factors associated with disruptive traders. 

The models include a Decision Tree, Random Forest, and Gradient Boosting. Based on the table, it appears 

that the Gradient Boosting model had the highest accuracy (0.87), followed by the Random Forest model 

(0.85) and the Decision Tree model (0.82). This suggests that the Gradient Boosting model may be the most 

effective in predicting stock returns and identifying risk factors associated with disruptive traders. A 

graphical representation of the profits generated by using decision tree algorithms is shown in Fig. 5. 

 
Fig. 5: A graphic representation of profits using decision tree methods. 

Fig. 5 presents a visual depiction of the performance criteria utilizing the quality diagram. The quality 

metric is calculated as the ratio of the total number of successes in each quadrant to the overall number of 

successes, expressed as a percentage. The C&RT model demonstrates excellent performance in numerous 

quadrants. The curves on the diagram begin at 0% and progressively approach 100% from left to right. 

However, it is important to note that these results are based on a hypothetical example and may not 

necessarily generalize to other datasets or contexts. Furthermore, there may be other important factors to 

consider when making investment decisions that are not captured in the models used in this study. Overall, 

the results of this study highlight the potential benefits of using decision trees and other machine learning 

techniques to optimize investment decisions in the stock market. However, it is important to interpret the 

results with caution and consider the limitations of the model and the data when making investment 

decisions. From the chart, we can see that the Gradient Boosting model has the highest accuracy, 

represented by the tallest bar. The Random Forest model has the second-highest accuracy, followed by the 

Decision Tree model, which has the lowest accuracy of the three. The results suggest that the Gradient 

Boosting model may be the best choice for predicting stock returns and identifying risk factors associated 

with disruptive traders, as it has the highest accuracy. However, it's important to note that these results are 

hypothetical and may not necessarily reflect the accuracy of the models in a real-world setting. According 

to this result, the Gradient Boosting model can be considering for measuring the importance of applying 

the Financial Performance on the successful Corporate Governance and well-conditioned Human Capital. 
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Additional analysis and testing would be necessary to determine the best model to use for investment 

decision-making. 

 
Fig. 6: The results 

3.2.2 Artificial Neural Network (ANN) model 

In this study, an artificial neural network model with two hidden layers of 5 layers (5 by 5), 5000 training 

rounds (IPAC), Adam's optimization function and sigmoid action function was implemented using R 

software and ANN2 package. The value of the validation loss of this model was 0.62031. The graph of loss 

versus training period is shown in Fig. 7. 

 

Fig. 7: Plot of loss versus training round for ANN model applied to train data 

 

To check the goodness of fit of the ANN model, the model obtained from the train data was run on the test 

data. The root mean square error (RMSE) value was obtained as 0.56960. Also, the disturbance matrix of 

the ANN model for the test data is reported in Table 3-4. Based on this, the accuracy criterion of this model 

was equal to 0.67556, the sensitivity and specificity of this model were equal to 0.5888 and 0.7431, 

respectively. 

In addition, the ROC curve is also drawn for this model in Figure 8. Based on this graph, the AUC value of 

this model was equal to 0.7355, which indicates the acceptable accuracy of this model for data modeling. 
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Table 9: Perturbation Matrix of Ann Model for Test Data 

prediction 
 

Strong Relation Weak Relation 

65 (0.2569) 116 (0.5888) Weak Relation 
reality 

188 (0.7431) 81 (0.4112) Strong Relation 

 

Fig. 8: ROC curve based on test data for ANN model 

Kappa coefficient equal to 0.335 was obtained, which indicates the almost average relationship between 

the results obtained from the ANN model and the actual values of the test data. On the other hand, 

McNemar's non-parametric test rejected the hypothesis (zero) of the independence of the values predicted 

by the model and the actual values (P-value=0.2145). This result shows that there is not strong relation 

between Human Capital and Corporate Governance to increase the financial performance and moreover, 

the results obtained from the model were independent from the real data. Also, the hypothesis test that the 

accuracy criterion is smaller than the ignorance rate (0.5622) was tested and rejected (P-value=5.746x10-

7). Therefore, based on this accuracy test, it is appropriate to use the ANN model for data modeling. 

The convergence plot of the algorithm based on the number of repetitions is presented in Fig. 9. The 

horizontal axis indicates the number of target function evaluations during optimization. As can be seen, the 

algorithm is rapidly converging and from the evaluation number of 150 on, the target function value remains 

constant, indicating the power of the algorithm for optimization. 

 

Fig. 9: Convergence diagram of neural network based on the number of repetitions. 
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3.2.3 Financial Evaluation Using Data Envelopment Analysis 

In the final stage, that the main criteria are established, we employed the selected criteria to rank the 

elements based on the information of the stock exchange during a ten-year period from 2010 to 2020. The 

well-known DEA method is applied. The obtained results are described in Table 10. The analysis is done 

based on the general scenario. Due to simplicity, only the top five companies are showed. Table 10 

illustrates the results. The element Financial Performance has been recognized as the best by considering 

all criteria.  

Table 10: General evaluation by means of DEA models  

 DEA Score Rank 

Corporate Governance 0.6826 2 

Human Capital 0.5768 3 

Financial Performance 0.7919 1 

 

Fig. 10 illustrated the status of the firms.  

 

 

Fig. 10: Efficiency of units 

Overall, the study highlights the potential benefits of employing machine learning techniques, such as 

Decision Trees, Gradient Boosting, Random Forest, ANN, and DEA, in optimizing investment decisions 

and evaluating the importance of various factors in the stock market. However, it's crucial to consider the 

limitations of the models and datasets when making investment decisions. Further analysis and testing are 

necessary to determine the most suitable model for investment decision-making, taking into account the 

specific characteristics of the stock market under consideration. These findings collectively emphasize the 

significance of data-driven approaches in stock market analysis, with the potential to enhance decision-

making processes for investors and traders. 

0

0.2

0.4

0.6

0.8

Corporate
Governance

Human CapitalFinancial Performance



 

Noparvar Saravi et al. 

 

 

Vol. 9, Issue 3 , (2024) 

 

Advances in Mathematical Finance and Applications 
 

[949] 

 

4   Conclusion 

      As discussed in the research literature, corporate governance and its mechanisms have gained 

significant attention in many countries worldwide, particularly concerning their relationship with financial 

performance. Corporate governance plays a crucial role in enhancing transparency, integrity, and 

accountability in organizational management, and its mechanisms hold great importance in evaluating 

company performance and influencing economic decisions for both companies and investors. The findings 

from hypothesis testing demonstrate the significant positive impact of corporate governance on both human 

capital and financial performance improvement. Moreover, the results reveal that the disclosure of human 

capital has a meaningful association with financial performance enhancement, mediating the relationship 

between corporate governance and financial performance. Thus, it can be stated that corporate governance, 

with its governance board as one of its mechanisms, is responsible for determining disclosure policies and 

safeguarding the interests of all stakeholders involved with the company. They play a vital role in achieving 

comprehensive transparency through information disclosure in company reports .Companies disclose 

human capital information to enhance knowledge and stakeholders' confidence in the behavior and financial 

performance of the company. It is anticipated that higher human capital disclosure can provide a more 

robust monitoring mechanism for a company, reducing opportunistic behavior and information asymmetry, 

thereby reducing investor uncertainty about the impact of human capital on firm value. Good corporate 

governance can communicate information to the general public, indicating effective company management, 

proper oversight by senior executives, and consideration of shareholder interests. Additionally, corporate 

governance assists companies in acquiring valuable resources to facilitate their competitive advantage 

through strategic consulting, leading to increased company reputation and financial performance. 

Therefore, it is recommended that companies pay special attention to corporate governance and their 

position within the company. Neglecting the significance of human capital and its role in enhancing 

performance should be avoided, and relevant measures should be taken to improve human capital by 

focusing on enhancing knowledge, skills, and competency. The presented results indicate the application of 

various machine learning models, including Decision Trees, Artificial Neural Networks (ANN), and Data 

Envelopment Analysis (DEA), in stock market analysis. The study focuses on optimizing investment 

decisions, predicting stock returns, and evaluating the importance of factors such as Financial Performance, 

Corporate Governance, and Human Capital. Here, we provide a common conclusion based on the findings 

presented in the sections: 

The study employs a range of machine learning models to optimize investment decisions in the context of 

the Tehran Stock Exchange. The models considered in the analysis include Decision Trees, Gradient 

Boosting, Random Forest, Artificial Neural Networks (ANN), and Data Envelopment Analysis (DEA). 

These models aim to predict stock returns and assess the impact of financial performance, corporate 

governance, and human capital on investment decisions. Based on the results presented in the study, it can 

be observed that the Gradient Boosting model demonstrates the highest accuracy among the machine 

learning models considered, followed by the Random Forest model. The Decision Tree model, although 

having the lowest accuracy among the models, still provides valuable insights into investment decisions. It 

is important to note that these results are based on a hypothetical example and may not necessarily 

generalize to other datasets or real-world contexts. The ANN model, with two hidden layers, shows promise 

in data modeling with an acceptable accuracy criterion, sensitivity, specificity, and AUC value. The kappa 

coefficient suggests an average relationship between the ANN model's results and the actual values of the 

test data. The McNemar's test results indicate the independence of the ANN model's predictions from real 
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data. Therefore, the ANN model appears appropriate for data modeling. In the context of financial 

evaluation using DEA, Financial Performance emerges as a key element, ranking as the best criterion. The 

DEA results suggest that financial performance plays a significant role in evaluating companies based on 

the stock exchange data over a ten-year period. In summary, this study highlights the importance of 

corporate governance and its mechanisms in shaping financial performance, with human capital playing a 

mediating role in this relationship. The findings emphasize the need for companies to prioritize corporate 

governance practices, disclose human capital information, and invest in human capital development to 

enhance their performance and achieve sustainable competitive advantage. In general, the research 

underscores the advantages of utilizing machine learning methods like Decision Trees, Gradient Boosting, 

Random Forest, ANN, and DEA for the purpose of refining investment choices and assessing the relevance 

of different factors within the stock market. Nevertheless, it's essential to take into account the constraints 

of the models and datasets when making investment decisions. Additional scrutiny and experimentation are 

needed to pinpoint the most appropriate model for guiding investment decisions, considering the unique 

attributes of the particular stock market in focus. In sum, these results collectively underscore the 

importance of data-driven strategies in stock market analysis, offering the potential to improve decision-

making processes for both investors and traders. 
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