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Abstract
PURPOSE: Stakeholders such as consumers, nongovernmental organizations, and public institutions have increasingly pressured 
companies to adopt corporate social responsibility (CSR) policies. This trend has led to the integration of environmental, 
social, and governance (ESG) reporting into business strategies to achieve long-term competitive advantages and enhance 
financial performance. ESG reporting has become a  critical tool for measuring corporate CSR efforts, contributing to the 
institutionalization of nonfinancial reporting standards. This study aims to determine how the adoption of ESG sub-dimensions 
affects the financial performance of companies in Turkey. METHODOLOGY: The study employed panel regression analysis 
on data from 21 companies listed in the Borsa Istanbul-100 index over the period 2011–2020 to investigate the relationship 
between ESG sub-dimensions and firm performance. FINDINGS: The findings indicate that adopting the environmental and 
governance sub-dimensions positively affects ROE and Tobin’s Q. However, the adoption of the governance sub-dimension 
negatively impacts Tobin’s Q while positively influencing ROE. No statistically significant results were found regarding the impact 
of ESG sub-dimensions on firms’ ROA ratios. IMPLICATIONS: The results of the research, based on the example of Turkey, 
are important to determine how companies’ social responsibility strategies in developing countries provide them with outputs 
in terms of environment, social and governance and whether social responsibility-based activities are truly sustainable strategy 
for companies in developing countries.The findings highlight the importance of considering the macroeconomic structure, legal 
system, and financial development of countries when evaluating CSR activities. The regulatory environment plays a significant 
role, as weaker legal protections can negatively affect the relationship between governance practices and firm performance. 
For  practitioners, the insights suggest prioritizing environmental investments and carefully strategizing governance practices 
to align with investor expectations and regulatory frameworks. ORIGINALITY AND VALUE: By focusing on the BIST 100 
companies, this study contributes to the limited literature on the role of ESG sub-dimensions in shaping financial performance in 
developing markets. This research provides valuable insights into how environmental, social, and governance practices specifically 
impact the financial outcomes of firms in Turkey, offering a nuanced understanding that can inform both academic discussions 
and practical strategies in similar contexts.
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INTRODUCTION 

Recently, many stakeholders, e.g., consumers, nongovernmental organizations, and public institutions, have been pressing 
companies to establish and implement policies on CSR (Lai et al., 2018; Duque-Grisales & Aguilera-Caracuel, 2021). 
Today, the widespread use of reporting processes for CSR is integrated into business strategies in line with the goals of 
achieving long-term competitive advantage and increasing financial performance (McGuinness et al., 2017; Amorelli & 
Garcia-Sanchez, 2021). ESG reporting comes to the fore in measuring companies’ efforts toward CSR. The emergence 
of ESG reporting significantly contributed to the institutionalization of nonfinancial reporting with different aspects 
(Oktem & Oktem, 2022). At the Global Reporting Initiative (GRI) Conference (2008), reporting financial reporting and 
ESG reporting to an internationally accepted standard was determined as a strategic goal. Thus, the foundations of an 
integrated reporting guide, including ESG, were laid (Öztürk, 2019). Deloitte (2011) states that relationships between 
financial results and ESG performance are better understood when there is a direct link between ESG performance and 
overall strategy and business models. In addition, shareholders and other stakeholders want to know what companies 
see as “significant” ESG issues and what they are doing to manage them (Eccles et al., 2015). Recently, ESG issues have 
become an element affecting many companies’ investment decisions, compensation policies, or public relations activities 
(Berg et al., 2021). Therefore, more companies have started to publish ESG reports to meet this need. In addition to these 
problems, Turkey, as a developing country, also encourages the sustainability policies of companies within the scope of 
sustainability. For this purpose, the sustainability index was created within Borsa Istanbul (BIST) in 2014, which is aimed 
at encouraging companies to operate within the scope of sustainability (Borsa Istanbul, 2020).

A research agenda on ESG criteria has also emerged in the academic field. Studies often focus on how the adoption 
of ESG criteria affects firm performance. For example, Xie et al. (2019) stated there is a positive relationship between 
ESG criteria and corporate productivity. Many researchers have similarly concluded that adopting ESG criteria positively 
affects firms’ financial performance (Broadstock et al., 2020; Albitar et al., 2020; Wu et al., 2022). However, contradicting 
results indicate that the adoption of ESG criteria is not related to firm performance (Atan et al., 2018). Finally, Huang 
(2021) concluded that the effect of the adoption of ESG criteria on a  firm’s financial performance is quite modest. 
While there is a wide variety of other results, it is not yet clear how ESG criteria contribute to a firm’s performance, given 
the evidence in question.

The number of studies on how the results of this information affect company performance depends on the level 
of development of the countries (e.g., Khemir, 2019; Gok et al., 2019; Lopes & Imoniana, 2021; Wahua & Ezeilo, 2021; 
Harabida et al., 2022). Limited research suggests that environmental practices may result in cost increases or hinder 
competition (Mao & Wang, 2019). In this context, the impacts of environmental factors on businesses should not only 
be limited to environmental sensitivity. However, they should also be approached from a broader perspective as part of 
ESG paradigms.

Understanding the impact of firms’ alignment with environmental, social, and governance (ESG) criteria on their 
financial performance has become an increasingly focused area of research in recent years. The existing literature addresses 
the impact of ESG criteria on firm performance from various perspectives. However, much of this research has focused 
on firms in developed countries, making it difficult to consider the characteristics and dynamics of developing countries. 
This situation makes it imperative to examine how the alignment of ESG criteria with firm performance in developing 
countries affects financial performance metrics such as ROA (Return on Assets), Tobins’ Q (Market Performance), and 
ROE (Return on Equity).

This article aims to provide a new perspective on the literature by examining how the adoption of each ESG criterion 
by firms in developing countries such as Turkey affects their financial performance. Taking into account the gaps in the 
literature, this study aims to investigate in more detail the impact of each ESG criterion on firm performance in developing 
countries. Therefore, considering the limited number of studies results, it becomes crucial to identify the relationships 
between the E, S, and G sub-dimensions and ROA, ROE, and Tobin Q in Turkey and many other developing countries. 
Consequently, the study results regarding the relationships between ESG and financial performance are presented below, 
followed by the development of hypotheses.

In the research, ESG criteria and companies’ financial performance are examined. In the following parts of the research, 
a literature review of ESG is presented; then, research hypotheses are formed. Afterward, the method and findings of the 
study are presented. Finally, the research results and the discussion of the results were carried out.
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THEORETICAL FRAMEWORK AND RELATIONS BETWEEN CONCEPTS

ESG criteria and Financial performance

ESG focuses on three main issues, i.e., environmental sub-dimension that examines how a  business should perform 
as a  protector of the natural environment (e.g., waste and pollution, resource depletion, greenhouse gas emissions, 
deforestation, climate change, etc.); social sub-dimension that examine how a  company treats people (e.g., employee 
relations and diversity; child labor and slavery; working conditions and local communities, thus openly funding projects 
or institutions that serve poor and underserved communities globally; health and safety; conflict); and, finally, governance 
sub-dimension that examine how the company controls itself (i.e., how the company is run, e.g., tax strategy, executive 
salary, donations and political lobbying, corruption and bribery, board diversity and structure). Making the necessary 
transformations in the enterprise’s policies, strategies, and operational cycles within the framework of the three sub-
dimensions can directly affect an enterprise’s ability to create long-term value. For this reason, transparency and success in 
managing ESG processes are positively rewarded by investors (Kızıltan & Doğan, 2021). These rewards can shape company 
strategies. ESG criteria affect investment decisions, compensation policies, or financial and nonfinancial activities such as 
public relations for many companies (Berg et al., 2021).

Financial performance measures a firm’s success in earning profits. ROA ratio is used as a reference to evaluate a firm’s 
success in financial activities. Many studies show that the ROA ratio positively and significantly affects a firm’s value (Luthfiah 
& Suherman, 2018; Rosikah et al., 2018; Sudiyatno et al., 2020; Li & Wan, 2021). ROE measures a company’s profitability 
on its capital and is mainly used to compare its profitability with other companies in the same industry. The ROE ratio is 
one of the popular ratios used to measure a firm’s management performance for investors (Atan et al., 2018). ROA and 
ROE accounting-based metrics are typically lagging indicators, while market-based indicators such as Tobin’s Q are leading 
indicators. Tobin’s Q is a key indicator of profitability. This ratio indicates whether an asset is overvalued or undervalued 
and is a long-term measure of the company’s value (Atan et al., 2018; Rodríguez–Fernández et al., 2019).

Theoretical background

As a trend in recent years, the purpose of companies has been extended not only to the interests of shareholders directly but 
also to employees, society, customers, society and all other related environments (Grove et al., 2020). While studies based 
on stakeholder theory have mostly had a company performance-focused perspective until recently, they have recently 
begun to be associated with issues such as responsibility and value creation (Signori et al., 2021). Stakeholder theory 
provides a convincing basis for ESG criteria as it offers a good perspective in explaining companies’ relationships with 
their socio-economic stakeholders. ESG criteria, which prioritize responsibility towards the environment, governance 
and social stakeholders, are deeply related to stakeholder theory (Li et al., 2021; Fu et al., 2022; Wai-Khuen et al., 2023), 
so much so that combining a broader stakeholder awareness with social responsibility makes it easier for the company to 
adopt ESG criteria (Hu et al., 2023).

Stakeholder theory forms the basis of ESG research, as it includes internal stakeholders and society, government, 
customers, suppliers, and competitors. Stakeholder theory states that the long-term success of companies is possible by 
meeting the needs of internal and external stakeholders (Freeman, 1984). According to the social impact hypothesis, 
based on the stakeholder theory (Freeman, 1984), companies operating for the benefit of stakeholders positively affect the 
corporate reputation and financial performance (Robbins & Coulter, 2002). On the other hand, the opposite situation is the 
realization of negative financial impact as a result of the disappointment of these stakeholders (Preston & O’Bannon, 1997). 
According to the positive synergy hypothesis, there is a  sequential relationship between a  firm’s social responsibility 
and its profitability (Friedman, 1970). The hypothesis assumes that companies with high corporate social performance 
will have the opportunity to reinvest in social responsibility actions, leading to performance improvement (Allouche & 
Laroche, 2005). Therefore, creating a productive cycle will result in a concurrent positive relationship between CSR and 
financial performance (Waddock & Graves, 1997). 

In the negative synergy hypothesis, it is argued that firms’ high CSR performance leads to low financial performance. 
It is stated that this situation will cause companies to limit their social responsibility investments (Makni et al., 2009). 
Based on the hypothesis, Brammer, Brooks, and Pavelin (2006) suggested that there is a vicious circle between social 
responsibility and financial performance and that there may be a  simultaneous negative relationship. Similar to the 
negative synergy hypothesis in the literature, there is a balancing hypothesis, which assumes that CSR has a negative 
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effect on financial performance. The balancing hypothesis supports Friedman’s argument; it is further argued that social 
responsibility behavior will provide few economic benefits. Still, the numerous costs will also reduce the firms’ profits and 
stakeholders’ wealth (Waddock & Graves, 1997). According to the positive and negative synergy hypotheses, neither party 
is decisive in the relationship between financial performance and corporate social performance. Financial performance 
and corporate social performance can affect each other mutually and simultaneously (Düzer, 2018).

Relationships between concepts

Many factors must be considered to understand the relationship between ESG and financial performance (Nirino et 
al., 2021). Indeed, a firm’s ESG score reflects the sum of its sub-dimensions. The effect of each sub-dimension on firm 
performance may differ (Duque-Grisales & Aguilera-Caracuel, 2021). While some studies state that the ESG score can 
be used alone, others argue that every dimension of the ESG should be used for various reasons, such as sociocultural 
conditions and stakeholders’ expectations (Duque-Grisales & Aguilera-Caracuel, 2021; Limkriangkrai et al., 2017; 
Humphrey et al., 2012). Especially in developing economies, companies’ top management experience problems adapting 
to international market conditions due to religion, culture, and social characteristics (Raynar & Fosrtater, 2002). At the 
same time, CSR activities in developing economies have a lower maturity level than in developed ones (Garcia et al., 2017). 
In these countries, ESG investments also remain at a low level (Blowfield & Frynas, 2015), reports are published in a limited 
manner (Serafeim, 2014), and markets are not monitored effectively (Orsato et al., 2015).

Some of the limited studies examining the alignment of firms with ESG criteria in developing countries present 
positive views. A  study by Sherwood and Pollard (2018) found that firms aligning with ESG criteria in developing 
markets pose less risk to investors and generate higher returns. On the other hand, Martins (2022) suggested that market 
structure in a developing country may also be related to firms’ alignment with ESG criteria, with competitive shocks in 
the market reducing firms’ intentions to align with ESG criteria. At this point, Turkey is taking significant steps towards 
fulfilling its international commitments regarding climate, sustainability, and the European Union’s (EU) policy goals 
within the framework of sustainability goals and ESG criteria. In line with this objective, Turkey has implemented the EU 
Taxonomy Regulation to achieve the 2030 climate and energy goals outlined in the European Green Deal and to ensure 
that investments are directed towards sustainable projects and activities. Additionally, Turkey is undertaking various 
activities within its legal framework in line with its sustainability goals and ESG criteria (Ministry of Trade, 2024).

Despite these developments, studies need to examine the impact of firms’ alignment with ESG criteria on their 
financial performance in Turkey. In a study conducted by Saygılı et al. (2022), which focused on firms listed on the Borsa 
Istanbul, the effect of ESG criteria on corporate financial performance was investigated. According to the research findings, 
the environmental sub-dimension was found to have a negative impact on firms’ corporate financial performance. At the 
same time, stakeholder engagement contributed to operational efficiency in the social dimension of CSR. Additionally, the 
study found that provisions related to ownership rights and the board of directors positively influence corporate financial 
performance in the governance dimension. 

A study by Özer et al. (2023) examined the relationship between ESG scores and firms’ financial performance for 
firms listed on the Borsa Istanbul between 2009 and 2019. The study found a positive relationship between these variables. 
Additionally, the study addressed the sub-dimensions of ESG, where the environmental dimension was positively 
associated with firms’ financial performance. In contrast, the social and governance dimensions were not statistically 
related to financial performance.

On the other hand, a study by Özdarak and Akarcay (2022) investigated the relationship between ESG disclosures and 
the financial performance of firms listed on the Borsa Istanbul Metal Products Machinery Index between 2009 and 2018. 
The findings of the research indicate that there was no statistically significant relationship between ESG disclosures and 
financial performance. Therefore, considering the limited number of studies, it becomes crucial to identify the relationships 
between E, S, and G sub-dimensions and ROA, ROE, and Tobin Q in Turkey and many other developing countries. 
Consequently, the study results regarding the relationships between ESG and financial performance are presented below, 
followed by the development of hypotheses.

Some of the rare studies examining the adoption of ESG criteria with the performance of firms in developing countries 
offer positive opinions. Sherwood and Polard (2018) concluded that companies that comply with ESG criteria in emerging 
markets cause less risk for investors and provide higher returns. Martins (2022), on the other hand, stated that the 
market structure in a developing country may also be related to the adoption of the companies with the ESG criteria and 
determined that the competition shocks in the market reduce the intention of companies to comply with the ESG criteria 
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(Martins, 2022). Considering the results of rare studies, it becomes important to determine the relationships among E, S, 
and G sub-dimensions and ROA, ROE, and Tobin’s Q in developing countries (in the case of Turkey). For this reason, the 
study’s results, in which the relationships between ESG and financial performance are determined, are presented below, 
and hypotheses are developed.

ESG and firm’s ROA: Bually et al. (2021) found a positive relationship between the ESG criteria (E, S, G) and firms’ 
financial performance. Further, Nirino et al. (2021) concluded that the governance sub-dimension negatively affects 
firms’ financial performance. Velte (2017) supposed that there is a positive relationship between the ESG criteria and the 
financial performance of the firms. On the other hand, Buallay (2019) concluded that the environment and governance 
sub-dimensions positively affect the firm’s financial performance. However, Alareeni and Hamdan (2020) determined 
that the environmental sub-dimension is negatively related to a firm’s financial performance. Based on these results, the 
following hypotheses were formed:

H1: ESG criteria positively affect firms’ ROA.
H1a: The environmental sub-dimension positively affects firms’ ROA.
H1b: The social sub-dimension positively affects firms’ ROA. 
H1c: The governance sub-dimension positively affects firms’ ROA.

ESG and firm’s ROE: The expectation, based on stakeholder theory, is that firms’ CSR/ESG reporting will increase 
firms’ financial performance (Albitar et al., 2020). In addition to these views, the results of empirical studies contain 
contradictions. Bually et al. (2021) found a  positive relationship between the ESG criteria and the firms’ financial 
performance. Further, Nirino et al. (2021) concluded that the governance sub-dimension negatively affects a firm’s financial 
performance. On the other hand, Atan (2018) found no relationship between ESG criteria and financial performance in 
developing countries. Friede et al. (2015) and Hang et al. (2018) stated that each of the sub-dimensions that make up 
the ESG score has a different relationship and effect on financial performance. Therefore, we put forward the following 
hypotheses:

H2: ESG criteria positively affect firms’ ROE.
H2a: The environmental sub-dimension positively affects firms’ ROE.
H2b: The social sub-dimension positively affects firms’ ROE.
H2c: The governance sub-dimension positively affects firms’ ROE.

ESG and firm’s Tobin’s Q: Bually et al. (2021) found a negative relationship between the ESG criteria and the firms’ 
market performance. Further, Nirino et al. (2021) concluded that the governance sub-dimension negatively affects the 
firms’ market performance. On the other hand, Atan (2018) found no relationship between ESG criteria and financial 
performance in developing countries. Gregory (2022) determined there is a positive relationship between ESG criteria 
and market performance. Velte (2017) found no significant relationship between the ESG criteria and firms’ market 
performance. Alareeni and Hamdan (2020) revealed a negative relationship between environmental sub-dimension and 
market performance. Finally, it has been determined that the firm’s market performance is affected positively by the 
environmental sub-dimension, negatively by the social sub-dimension, and positively by the governance sub-dimension 
(Buallay, 2019). Therefore, we put forward the following hypotheses:

H3: ESG criteria positively affect firms’ Tobin’s Q.
H3a: The environment sub-dimension positively affects firms’ Tobin’s Q.
H3b: The social sub-dimension positively affects firms’ Tobin’s Q.
H3c: The governance sub-dimension positively affects firms’ Tobin’s Q.

RESEARCH METHODS

In this section, the data to be analyzed are introduced, and brief econometric information about the tests and methods 
used is given.
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Data collection and sample selection

The study is structured as a panel dataset covering the years 2011-2020 and consisting of 21 companies listed in the BIST 
100 index. Data analysis was conducted at an annual frequency, and the ESG data for the selected period were available 
for the sample firms. The variables used to create the dataset were obtained from the Thomson Reuters Eikon database. 

The selection of the 21 companies from the BIST 100 index was based on the availability and completeness of the 
ESG data in the Thomson Reuters Eikon database for the entire study period. Companies that did not have consistent ESG 
data for the 2011-2020 period were excluded from the sample to ensure the reliability of the analysis. This selection sub-
dimensions helps mitigate any potential bias arising from incomplete data and enhances the robustness of the findings. 
In the study, attention was paid to tests that can be used even in very small sample size situations. The ESG scores were 
updated continuously by Thomson Reuters, which aggregates data from various sources such as company reports, news 
articles, and public disclosures. For this study, we used the ESG scores as of December 31st of each year, ensuring that they 
reflect the information available up to the end of that year. This means that the ESG scores for a given year (e.g., 2019) 
are used to predict financial performance in the following year (e.g., 2020). This temporal alignment ensures that the 
ESG data precede the financial performance data, allowing us to analyze the potential impact of ESG performance on 
subsequent financial performance.

Research variables

Dependent variables 

Financial performance serves as a measure of a company’s success in earning profit. To evaluate a firm’s success in its 
financial activities, reference is frequently made to indicators such as ROA, ROE, and Tobin’s Q ratios (Chadha & Sharma, 
2015; Luthfiah & Suherman, 2018; Rosikah et al., 2018; Bennouri et al., 2018; Almoneef & Samontaray, 2019; Sudiyatno et 
al., 2020; Li & Wan, 2021). The efficiency of a firm’s operations significantly influences its financial performance. In other 
words, performance analysis indicates how effectively and efficiently a firm can utilize its resources towards achieving its 
set objectives (Yakut et al., 2015). In this context, ROA, ROE, and Tobin’s Q ratios were selected as the study’s dependent 
variables. The financial performance metrics (ROA, ROE, and Tobin’s Q) were obtained from the Thomson Reuters Eikon 
database. These metrics are derived from the companies’ annual reports, which are compiled and made available through 
the Eikon database. For example, the financial data for the year 2020 were sourced from the Eikon database, which 
includes information from annual reports published in early 2021, thus reflecting the performance of the company for the 
entire year 2020. Tobin’s Q ratio was calculated using the following formula based on the Bloomberg database:

𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝒏𝒏𝒏𝒏′𝒔𝒔𝒔𝒔 𝑸𝑸𝑸𝑸 =
(𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝑪𝑪𝑪𝑪𝑴𝑴𝑴𝑴𝑪𝑪𝑪𝑪𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑴𝑴𝑴𝑴𝑪𝑪𝑪𝑪𝑻𝑻𝑻𝑻𝑪𝑪𝑪𝑪𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 + 𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑪𝑪𝑪𝑪 𝑳𝑳𝑳𝑳𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻+ 𝑷𝑷𝑷𝑷𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑷𝑷𝑷𝑷𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑷𝑷𝑷𝑷 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑬𝑬𝑬𝑬 + 𝑴𝑴𝑴𝑴𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑴𝑴𝑴𝑴𝑻𝑻𝑻𝑻𝑴𝑴𝑴𝑴𝑬𝑬𝑬𝑬 𝑰𝑰𝑰𝑰𝒏𝒏𝒏𝒏𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴)

𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑪𝑪𝑪𝑪 𝑨𝑨𝑨𝑨𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔

Independent variables 

This study uses ESG scores from the Eikon Thomson Reuters datastream database as independent variables. The effects 
of the three subcomponents (E, S, G) that make up the ESG score were analyzed separately. Scores range from 0 to 100 
points: 0–25 = poor; 25–50 = moderate; 50–75 = good; 75–100 = excellent ESG performance. The E, S, and G criteria 
include (Refinitiv, 2020):

E Score

The environmental pillar measures a company’s impact on living and nonliving natural systems, including the air, land, 
and water, as well as complete ecosystems. It reflects how well a  company uses best management practices to avoid 
environmental risks and capitalize on environmental opportunities to generate long-term shareholder value.
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S Score

The social pillar measures a company’s capacity to generate trust and loyalty with its workforce, customers, and society 
through best management practices. It reflects a company’s reputation and the health of its operating license, which are 
key factors in determining its ability to generate long-term shareholder value.

G Score

The corporate governance pillar measures a company’s systems and processes, which ensure that its board members and 
executives act in the best interest of its long-term shareholders. It reflects a company’s capacity, through its use of best 
management practices, to direct and control its rights and responsibilities through the creation of incentives and checks 
and balances to generate long-term shareholder value. In addition, in accordance with the existing literature, frequently 
used in measuring financial performance, variables of total assets, total asset turnover, firm growth rate (annual change in 
total assets), leverage (total debt/total capital), net sales/revenues (annual change), market-to-book value, and firm age are 
included in the analysis (Tang et al., 2012; Rodríguez-Fernández et al., 2019; Koroleva et al., 2020; Alareeni & Hamdan, 
2020; Atan et al., 2018; Dasgrupta, 2022; Duque-Grisales & Aguilera-Caracuel, 2021; Bellamy et al., 2014; Kortmann et al., 
2014; Lam et al., 2019; Utami & Hasan, 2021; Hasan et al., 2020).

Control variables

The firm’s value is closely associated with its capital structure, profitability, and size. Firm size is typically assessed through 
various metrics such as assets, total sales, profit, and tax burden (Elouidani & Zoubir, 2015; Mule et al., 2015; Gunawan et 
al., 2018; Meizari & Viani, 2017; Murdayanti et al., 2020; Sudiyatno et al., 2020; Akgül, 2020). The number of assets owned 
by a firm often serves as an indicator of its size, with higher asset quantities implying a larger firm size. Furthermore, 
the literature extensively explores the relationship between financial performance and operational efficiency, utilizing 
variables like financial leverage, profitability ratios, firm age, size, and operating income (Bellamy et al., 2014; Kortmann 
et al., 2014; Lam et al., 2019; Utami & Hasan, 2021; Hasan et al., 2020). Hence, the selection of control variables for this 
study aligns with the findings of previous research. As such, the control variables used in this study include the total asset 
turnover rate, company growth rate, leverage, total assets, sales growth rate, price/book ratio, and company age.
These control variables were selected based on their relevance and frequent usage in the literature on financial performance 
(Tang et al., 2012; Rodríguez-Fernández et al., 2019; Koroleva et al., 2020; Alareeni & Hamdan, 2020; Atan et al., 2018; 
Dasgrupta, 2022; Duque-Grisales & Aguilera-Caracuel, 2021; Bellamy et al., 2014; Kortmann et al., 2014; Lam et al., 
2019; Utami & Hasan, 2021; Hasan et al., 2020). Including these control variables helps isolate the specific impact of ESG 
performance on financial outcomes by accounting for other factors that could affect financial performance.

Analytic methods

This study has utilized longitudinal data. Panel random effects (PRE) regression has been used after applying Hausman’s 
test. Also, a Parks–Kmenta and Huber–Eicker–White regression was run to test the endogeneity and robustness of results. 
The fact that all units are affected at the same level against the shock that occurs in any of the units, that is, the independence 
of the units from each other, was examined with the Pesaran (2004) CD test. The Pesaran test, which is an improvement of 
the Breusch and Pagan (1980) test, is based on the sum of the correlation coefficients between the cross-section residues:

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = � 2𝑇𝑇𝑇𝑇
𝑁𝑁𝑁𝑁(𝑁𝑁𝑁𝑁𝑁𝑁)

∑ ∑ 𝜌𝜌𝜌𝜌𝜌𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=𝑖𝑖𝑖𝑖𝑖𝑖

𝑁𝑁𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖𝑖𝑖   (𝑁𝑁𝑁𝑁 > 𝑇𝑇𝑇𝑇).      (1) 

This test statistic shows a standard normal distribution (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶~𝑁𝑁𝑁𝑁(0,1)) (Pesaran, 2004), 
under the 𝐻𝐻𝐻𝐻0 hypothesis, which shows that there is no relationship between the cross sections. 
In case the basic hypothesis is not rejected as a result of the test, first-generation unit root tests 
were used (Breitung, 2000; lm et al., 2003; Hadri, 2000; Levin et al., 2002); in the case of 
rejection, second-generation unit root tests were used, taking into account the cross-section 
dependency (Pesaran, 2007; Hadri & Kurozumi, 2012; Bai & Ng, 2004). This study used the 
Levin–Lin–Chue (2002) test from the first-generation unit root tests and Pesaran (2007) test 
from the second-generation unit root tests. The test developed by Pesaran (2007) can be used 
for differences in panel time and unit dimensions for (T>N ve N>T): 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼𝑖𝑖𝑖𝑖 + 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖−1 + 𝛾𝛾𝛾𝛾𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.                                                   (2) 

This test statistic shows a  standard normal distribution (Pesaran, 2004), under the hypothesis, which shows that 
there is no relationship between the cross sections. In case the basic hypothesis is not rejected as a  result of the test, 
first-generation unit root tests were used (Breitung, 2000; lm et al., 2003; Hadri, 2000; Levin et al., 2002); in the case of 
rejection, second-generation unit root tests were used, taking into account the cross-section dependency (Pesaran, 2007; 
Hadri & Kurozumi, 2012; Bai & Ng, 2004). This study used the Levin–Lin–Chue (2002) test from the first-generation unit 

(1)
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root tests and Pesaran (2007) test from the second-generation unit root tests. The test developed by Pesaran (2007) can be 
used for differences in panel time and unit dimensions for (T>N ve N>T):

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = � 2𝑇𝑇𝑇𝑇
𝑁𝑁𝑁𝑁(𝑁𝑁𝑁𝑁𝑁𝑁)

∑ ∑ 𝜌𝜌𝜌𝜌𝜌𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=𝑖𝑖𝑖𝑖𝑖𝑖

𝑁𝑁𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖𝑖𝑖   (𝑁𝑁𝑁𝑁 > 𝑇𝑇𝑇𝑇).      (1) 

This test statistic shows a standard normal distribution (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶~𝑁𝑁𝑁𝑁(0,1)) (Pesaran, 2004), 
under the 𝐻𝐻𝐻𝐻0 hypothesis, which shows that there is no relationship between the cross sections. 
In case the basic hypothesis is not rejected as a result of the test, first-generation unit root tests 
were used (Breitung, 2000; lm et al., 2003; Hadri, 2000; Levin et al., 2002); in the case of 
rejection, second-generation unit root tests were used, taking into account the cross-section 
dependency (Pesaran, 2007; Hadri & Kurozumi, 2012; Bai & Ng, 2004). This study used the 
Levin–Lin–Chue (2002) test from the first-generation unit root tests and Pesaran (2007) test 
from the second-generation unit root tests. The test developed by Pesaran (2007) can be used 
for differences in panel time and unit dimensions for (T>N ve N>T): 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼𝑖𝑖𝑖𝑖 + 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖−1 + 𝛾𝛾𝛾𝛾𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.                                                   (2) 

In Equation 2, the error term is expressed as In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

. In the equation of the error term,
In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 

error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

 ; It is considered as 
an invisible common effect and is assumed to be stationary. 

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

 indicates the individual error of the companies. The 
cross-sectional dependence in the model arises from the invisible common effect. Also, in the study, attention was paid to 
tests that can be used even in very small sample size situations. If the CIPS statistic is calculated according to the CADF 
unit root test equation, and the 

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

 basic hypothesis 

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

 is rejected, it is seen that the 
studied series is stationary (Pesaran, 2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of is 
made through the variables 

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

 and 

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

, which are free of autocorrelation and deterministic features:

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

In Equation 3, 

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

 refers to the deterministic variables 

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

(constant term, trend, etc.) and their coefficients. 
If  the basic hypothesis 

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

 is rejected, it is concluded that the studied series is stationary 

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

. Panel 
regression equations were created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations.

ESG and firm efficiency models

The study uses panel regression analysis to examine the relationship between the sub-dimensions a that make up the ESG 
and firm performance. The following models are estimated to achieve the research objectives.

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

where 

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

 is a constant term, 

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

 to 10 are the coefficients of the respective independent/control variables, i=company, 
t=year, and ε1it is an error term. In cases of varying variance, autocorrelation, and inter-unit correlation, the variance 
covariance matrix (Ω) of the error term is not equal to the unit matrix. 

In this case,

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

; further, in the presence of at least one heteroscedasticity, autocorrelation, and inter-
unit correlation, the estimates are inconsistent but efficient. In this case, the standard errors should be corrected without 
touching the parameter estimates (obtainable standard errors with resistance); if they exist, estimation should be made 
with appropriate methods. Model 1 and Model 2 are solved with the Parks–Kmenta estimator with the generalized least-
squares method, which needs fewer restrictions than the least-squares method. In this approach, the model examined first 
is estimated by the OLS method; then, the residues obtained are used to calculate autocorrelation and heteroscedasticity, 
again by the GLS method. This process continues until

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

’s approach a  fixed number (Kmenta, 1986). Model 3 was 
estimated with the Huber–Eicker–White estimator, also called the White estimator, for the variable variance problem 
only. The estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the assumption that the Ω 
matrix is ​​known and diagonal, but the diagonal elements are not equal to each other when there is only varying variance 
in the model, that is, if the residues are independently distributed (Astivia & Zumbo: 2019).

(2)

(3)

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

In Equation 2, the error term is expressed as 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. In the equation of the 
error term, 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖; It is considered as an invisible common effect and is assumed to be stationary. 
“𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖”  indicates the individual error of the companies. The cross-sectional dependence in the 
model arises from the invisible common effect. Also, in the study, attention was paid to tests 
that can be used even in very small sample size situations. If the CIPS statistic is calculated 
according to the CADF unit root test equation, and the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1

𝑁𝑁𝑁𝑁
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  basic hypothesis 

(𝐻𝐻𝐻𝐻0: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = 0 ,𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎: 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 < 0) is rejected, it is seen that the studied series is stationary (Pesaran, 
2007: 269–271). In the test developed by Levin–Lin–Chu (2002), estimation of α  is made 
through the variables ∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, which are free of autocorrelation and deterministic 
features: 

 
∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−1 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∆𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖=1 + 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 + 𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.           (3) 

 
In Equation 3, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖′ 𝛿𝛿𝛿𝛿 refers to the deterministic variables "𝛼𝛼𝛼𝛼𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖" (constant term, 

trend, etc.) and their coefficients. If the basic hypothesis (𝐻𝐻𝐻𝐻0:𝛼𝛼𝛼𝛼 = 0) is rejected, it is 
concluded that the studied series is stationary (𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎:𝛼𝛼𝛼𝛼 < 0). Panel regression equations were 
created after determining whether the series has unit roots and ensuring their stationarity with 
the necessary transformations. 
 
ESG and firm efficiency models 
 
The study uses panel regression analysis to examine the relationship between the sub-
dimensions a that make up the ESG and firm performance. The following models are 
estimated to achieve the research objectives. 
 
Model 1:  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(4) 
Model 2:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                  
(5) 
Model 3:  
𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼0 + 𝛽𝛽𝛽𝛽1𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝐺𝐺𝑇𝑇𝑇𝑇ℎ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 +
𝛽𝛽𝛽𝛽6𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽7𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶/𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖                   
(6) 
 
where 𝛼𝛼𝛼𝛼0 is a constant term, 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘 k=1 to 10 are the coefficients of the respective 
independent/control variables, i=company, t=year, and ε1it is an error term. In cases of 
varying variance, autocorrelation, and inter-unit correlation, the variance covariance matrix 
(Ω) of the error term is not equal to the unit matrix.  

In this case, (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 𝜎𝜎𝜎𝜎𝜀𝜀𝜀𝜀2Ζ 𝑇𝑇𝑇𝑇); further, in the presence of at least one 
heteroscedasticity, autocorrelation, and inter-unit correlation, the estimates are inconsistent 
but efficient. In this case, the standard errors should be corrected without touching the 
parameter estimates (obtainable standard errors with resistance); if they exist, estimation 
should be made with appropriate methods. Model 1 and Model 2 are solved with the Parks–
Kmenta estimator with the generalized least-squares method, which needs fewer restrictions 
than the least-squares method. In this approach, the model examined first is estimated by the 
OLS method; then, the residues obtained are used to calculate autocorrelation and 
heteroscedasticity, again by the GLS method. This process continues until 𝛽𝛽𝛽𝛽𝑘𝑘𝑘𝑘’s approach a 
fixed number (Kmenta, 1986). Model 3 was estimated with the Huber–Eicker–White 
estimator, also called the White estimator, for the variable variance problem only. The 
estimator introduced by Huber (1967), Eicker (1967), and White (1980) is used under the 
assumption that the Ω matrix is known and diagonal, but the diagonal elements are not equal 

(4)

(5)

(6)
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RESULTS 

This section introduces the data to be analyzed, stability tests are performed, brief information is given about the tests and 
methods, and panel regression analyses evaluate the findings.

Statistical analysis

Summary statistics of the sample covering the years 2011–2021 of 20 companies are given in Table 1. The natural logarithm 
of the variables was taken to ensure stationarity in variance.

Table 1. Descriptive statistics

Statistics

Variables

Shortening Number of 
observations

Average 
value

Standard 
deviation

Minimum Maximum

ln(Environment) ln(env) 210 3.9589 0.5232 1.5368 4.5792
ln (Social) ln(soc) 210 3.9846 0.4834 2.3369 4.5735
ln (Governance) ln(gov) 210 3.8223 0.5197 1.5581 4.5038
ln (TobinQ) ln(tQ) 210 0.1799 0.3113 -0.2613 1.4562
ln (Roa) ln(roa) 210 4.1754 0.1022 3.9518 4.7563
ln (Roe) ln(roe) 210 4.4790 0.1449 3.8037 4.9649
ln (Total Asset Turnover Rate) ln(tatr) 210 17.609 1.5383 13.867 20.387
ln (Company Growth Rate) ln(cgr) 210 5.8472 0.0618 5.7526 6.4777
ln (Leverage) ln(lev) 210 3.6974 1.2243 -2.3025 4.4266
ln (Total Assets) ln(ta) 210 -1.0191 1.1358 -3.2188 1.0331
ln (Sales Growth Rate) ln(sgr) 210 4.8667 0.1385 4.1612 5.4194
ln (price/book) ln(pd) 210 0.2782 0.6627 -1.5606 1.7387
Company Age ca 210 53.2619 21.964 14 96

The fact that some variables (for example, ln(roa) and ln(cgr)) have low standard deviations may indicate that these 
variables are more stable over time. The wide distribution observed in the Ln(lev) and ln(pd) variables suggests differences 
in the companies’ financial structures and market valuations. High average values ​​of performance and growth metrics 
such as ln(ta), ln(cgr), and ln(sgr) indicate that companies are generally growth-oriented and have high active usage. 
Table 2 shows the correlation matrix that expresses the relationship and direction of the variables as a piori.

Table 2. Correlation matrix

ln(env) ln(soc) ln(gov) ln(tQ) ln(roa) ln(roe) ln(tatr) ln(cgr) ln(lev) ln(ta) ln(sgr) ln(pd) ln(ca)
ln(env) 1.000
ln(soc) 0.626 1.000
ln(gov) 0.380 0.383 1.000
ln(tQ) -0.012 -0.262 -0.018 1.000
ln(roa) -0.146 -0.415 -0.047 0.681 1.000
ln(roe) 0.031 -0.171 -0.057 0.555 0.723 1.000
ln(tatr) 0.292 0.543 -0.070 -0.661 -0.628 -0.311 1.000
ln(cgr) 0.013 0.081 -0.062 0.083 0.256 0.390 -0.027 1.000
ln(lev) 0.334 0.523 0.254 -0.288 -0.644 -0.211 0.493 -0.036 1.000
ln(ta) -0.068 -0.175 0.245 0.569 0.493 0.308 -0.760 0.063 -0.148 1.000
ln(sgr) 0.037 0.061 -0.006 0.030 0.165 0.147 0.035 0.260 -0.070 -0.004 1.000
ln(pd) -0.017 -0.301 0.043 0.806 0.499 0.383 -0.696 0.014 -0.146 0.618 -0.070 1.000
ca 0.150 0.272 -0.052 -0.575 -0.407 -0.165 0.611 0.064 0.319 -0.421 0.045 -0.633 1.000
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It has been determined that the relations between the variables differ according to the correlation matrix findings 
and coefficient signs. While the highest positive relationship is between ROA and ROE, it is seen that the lowest positive 
relationship is between the environment and firm growth rate. The highest negative relationship is between total assets 
and total asset turnover, and the lowest relationship is between total assets and sales growth rate.

Before determining the stationarity of the series, it is necessary to examine the cross-section dependence. If there is 
a correlation between the sections, unit root tests that take this dependency structure into account should be used. The 
cross-sectional dependence of the series was examined; the results are given in Table 3.

Table 3. Cross-sectional dependence

Variables CD-test p-value Correlation Absolute correlation Decision: No cross-sectional dependence
ln(env) 14.87 0.000 0.32 0.51 rejected

ln(soc) 21.786 0.000 0.48 0.57 rejected

ln(gov) 0.909 0.363 0.02 0.31 not rejected

ln(tQ) 17.232 0.000 0.38 0.46 rejected

ln(roa) 1.288 0.198 0.03 0.35 not rejected

ln(roe) 2.141 0.032 0.05 0.34 rejected

ln(tatr) 13.337 0.000 0.29 0.40 rejected

ln(cgr) 7.871 0.000 0.17 0.31 rejected

ln(lev) 0.973 0.330 0.02 0.43 not rejected

ln(ta) 43.204 0.000 0.94 0.94 rejected

ln(sgr) 12.129 0.000 0.26 0.37 rejected

ln(pd) 10.212 0.000 0.22 0.47 rejected

Number of Sections 21 21 21 21

Note: Horizontal sections are independent of each other. CD~N(0,1).

According to the results obtained from the Pesaran (2004) cross-section dependency test, the main hypothesis could 
not be rejected in the variables of governance, ROA, and leverage. In other variables, as a result of the rejection of the basic 
hypothesis, it was determined that there was a correlation between the sections (firms) that make up the data set, that is, 
a cross-section dependency. The variable with the highest correlation level was calculated as total assets, and the variable 
with the lowest level was calculated as ROE. Pesaran’s (2003) CADF test, which is one of the second-generation unit 
root analyses that can be used in the presence of this problem, was applied for the series with cross-section dependence. 
However, beforehand, the multicollinearity problem among the independent variables was tested using the VIF (Variance 
Inflation Factor) criterion.

Table 4. Multiple linear correlation

Variables VIF 1/VIF
ln(ta) 3.48 0.287356

ln(tatr) 3.24 0.308828

ln(soc) 2.77 0.360702

ln(pd) 2.28 0.437825

ln(env) 1.89 0.529817

ln(gov) 1.51 0.663391

ln(lev) 1.30 0.767764

ln(cgr) 1.11 0.898650

ln(sgr) 1.05 0.956027

Mean VIF 2.07

Table 4 shows that the average value of the VIF criterion is 2.07. Since it is less than 5, it can be said that there is no 
multicollinearity between the variables. It supports that there is no multicollinearity in the results based on variables. 
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In addition, the coefficients in the correlation matrix given in Table 3 support that there is no multicollinearity problem 
between the study’s variables. For series where cross-sectional dependence was not detected, the Levin-Lin and Chu 
(2002) test, one of the first generation unit root tests, was applied. The results are given in Table 5.

Table 5. Unit root tests

Variables
Constant Term + Trend
(Second Generation)

Constant Term + Trend
(First Generation)

Decision:
H0: There is a unit root Result

t-bar Z-bar p-value t-statistic p-value
ln(gov)
ln(roa)

-8.372
-8.565

0.000
0.000

H0  rejected
H0  rejected

I(0)
I(0)

ln(lev) -9.337 0.000 H0  rejected I(0)
ln(tQ) -2.843 -1.749 0.040 H0  rejected I(0)
ln(sgr) -3.820 -4.584 0.000 H0  rejected I(0)
ln(tatr) -3.046 -2.337 0.010 H0  rejected I(0)
ln(env) -2.161 -1.610 0.054 H0  not rejected
∆ln(env) -3.246 -5.320 0.000 H0  rejected I(0)
ln(soc) -2.621 -1.106 0.134 H0  not rejected
∆ln(soc) -2.593                    -3.089 0.001 H0  rejected I(0)
ln(roe) -1.825 -0.463 0.322 H0  not rejected
∆ln(roe) -2.245 -1.889 0.029 H0  rejected I(0)
ln(cgr) -2.377 -0.398 0.345 H0  not rejected
∆ln(cgr) -2.438 -2.559 0.005 H0  rejected I(0)
ln(ta) -2.209 0.091 0.536 H0  not rejected
∆ln(ta) -2.270 -1.985 0.024 H0  rejected I(0)
ln(pd) -1.656 0.118 0.547 H0  not rejected
∆ln(pd) -2.520 -2.839 0.002 H0  rejected I(0)

Note: When the time path graphs of the companies are examined; They were added because it was determined that they showed a certain average and a trend over time.

In line with the findings obtained from the stationarity analysis, it was determined that governance, ROA, leverage, 
Tobin’s Q, sales growth rate, and total asset turnover series do not contain unit roots. As a result of the rejection of the 
basic hypothesis in the related series, it was concluded that they were stationary at the 5% significance level with their 
level states. However, as seen in the table, there is no stationarity in the levels of other variables. For this reason, it was 
determined that the series became stationary when the first differences were taken and retested for the same significance 
level. In the next phase of the analysis, the variables were studied in their stationary states. A non-stationary (with unit 
root) series violates econometric assumptions and causes the model to produce biased and inconsistent estimates. F-test, 
Breusch–Pagan, and Hausman tests were applied to determine the correct model for the series selection with determined 
stationarity and the panel data models. The results are given in Table 6.

Table 6. Model selection

Model
Test 

Model 1 Model 2 Model 3
(Dependent Variable, Tobin’s Q) (Dependent Variable, ROA) (Dependent Variable, ROE)

F 11.44 (0.000) 7.03 (0.000) 5.76 (0.000)
LM (Breusch- Pagan) 178.39 (0.0000) 92.99 (0.000) 56.10 (0.000)
Hausman 10.76 (0.4683) 5.60 (0.8989) 12.65 (0.1791)

Note: The values in parentheses show the p-probability values of the relevant test statistic.

Table 6 shows the model selection tests of three different model estimations, where the dependent variable, Tobin’s 
Q, ROA, and ROE are given collectively. The F-test was applied to test the classical model against the fixed effects model. 
The H0 hypothesis that the unit and time effect is equal to zero is rejected. In this case, it is concluded that there are fixed 
effects, and the classical model cannot be applied. As a result of the Breusch–Pegan LM test applied to test the suitability 
of the classical model against the random effects model, the H0 hypothesis is rejected. It was concluded that the classical 
model is not suitable because the variance of the unit effects is nonzero. According to the Hausman test result, since the 
H0 hypothesis was not rejected, it was decided for each internal model that the random effects estimator was valid because 
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it was effective. However, since the basic assumptions of this approach should be examined in the analyses based on the 
established linear least-squares models, the results are given in Table 7.

Table 7. Assumption tests

Model
Test 

Model 1 Model 2 Model 3
(Dependent Variable, Tobin’s Q) (Dependent Variable, ROA) (Dependent Variable, ROE)

Levene-Brown and Forsythe W0 = 4.1885 (0.0000)
W50 = 3.0788 (0.0000)
W10 = 4.1885 (0.0000)

W0 = 3.2420 (0.0000)
W50 = 2.6867 (0.0003)
W10 = 3.2421 (0.0000)

W0 = 5.1988 (0.0000)
W50 = 1.8915 (0.0158)
W10 = 5.1988 (0.0000)

Baltagi Wu LBI DW: 1.1824
LBI: 1.5971

DW: 1.2591
LBI: 1.6254

DW = 1.7809
LBI = 2.0362

Friedman 13.455 (0.5862) 15.213 (0.7641) 16.914 (0.6585)

The cross-section dependency in the research models was examined using the Friedman R (1937) test, since the panel 
size of the study was T<N. As a result of the test, it was determined that the H0 hypothesis could not be rejected and that 
the models had no cross-sectional dependence. In testing the autocorrelation assumption in the research model, Bhargava, 
Franzini, and Nerendranathan’s Durbin–Watson and Baltagi–Wu’s local best ınvariant tests were applied. According to 
the autocorrelation test results, it was determined that there was no autocorrelation problem, as the H0 hypothesis could 
not be rejected in Model 3 alone. It was concluded that the statistical values ​​in Model 1 and Model 2 were less than 2, so 
there was no autocorrelation problem in the random effects model. Levene, Brown, and Forsythe’s test was used to test 
the constant variance assumption in random effects models. When the test statistics are examined, it is seen that the H0 
hypothesis, which was established as “the variances of the units are equal,” was also rejected for all models. According to 
the results obtained, Model 1 and Model 2 have autocorrelation and varying variance problems, while Model 3 has only 
varying variance problems. In this case, estimation will be performed using the Parks–Kmenta estimator, which produces 
standard errors resistant to autocorrelation and varying variance problems for Model 1 and Model 2. The results obtained 
by using the Huber–Eicker–White Estimator, which is also called the White estimator because of the standard errors for 
Model 3 and the problem of only changing variance in the model, are given in Table 8 by making consistent efficient and 
unbiased coefficient estimations.

Table 8. Model estimators results
Model

Variable

Model 1
(Parks–Kmenta)

Model 2
(Parks–Kmenta)

Model 3
(Huber, Eicker, and White)

(Dependent Variable, Tobin’s Q) (Dependent Variable, ROA) (Dependent Variable, ROE)

Coefficient Robust 
Std. Err. Coefficient Robust 

Std. Err. Coefficient P>|z|

∆ln(env) 0.0701998 0.034 0.08015 0.005 
∆ln(soc)
ln(gov) -0.0793527 0.030 0.0194557 0.036
ln(tQ)
ln(roa)
∆ln(roe)
ln(tatr) 0.1404593 0.036 0.0421742 0.008
∆ln(cgr)
ln(lev) -0.0338324 0.002
∆ln(ta)
ln(sgr) 0.1700452 0.042 0.046105 0.000
∆ln(pd)
ca -0.0063535 0.001
_cons 0.96002424 0.141 3.515938 0.209 -2.331548 0.000
Num. of obs. 189 189 189
                R2 0.4884 0.5912 0.2529
Wald Test 0.0000 0.0000 0.0000

Note: P>|z| values were evaluated according to the 5% significance level, and only statistically significant variables were given.
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According to the analysis results in Table 8, the variables given in the models were statistically significant at the 5% 
level. Statistically insignificant variables can negatively affect the prediction accuracy of the model. Unnecessary variables 
can increase noise in the model and cause uncertainty in predictions. In econometric analysis, the principle of parsimony 
aims to provide the best explanation using the least number of variables possible. In addition, including non-significant 
variables in the model may show high correlations with other independent variables and increase the multicollinearity 
problem. This can make it difficult to estimate and interpret model parameters. Removing meaningless variables helps 
avoid such problems.

Model 1 shows that a 1% change in the environment variable increases the Tobin’s Q variable by 0.07% and the total 
asset turnover rate by 0.14%, while the governance variable decreases it by 0.07%. In Model 2, it was observed that a 1% 
change in total asset turnover increased the ROA variable by 0.04% and the sales growth rate by 0.17%, while the leverage 
variable decreased by 0.03%. In Model 3, it was concluded that a 1% change in the sales growth rate increased the ROE 
variable by 0.04%, the environment variable by 0.08%, and the governance variable by 0.019%.

RESULTS AND DISCUSSION

This study determined different relationships among the ROA, ROE, and Tobin’s Q variables, which represent the financial 
performance of 21 companies in BIST 100, and the environmental, social, and governance scores that make up the ESG 
sub-dimensions. Findings regarding the variables taken to measure firm performance are as follows.

Effect of ESG sub-dimensions on ROA

The research findings show that the sub-dimensions that make up ESG are statistically insignificant on ROA. Table 7 
shows that companies reporting ESG do not affect their ROA. According to the findings obtained, it was determined that 
the main hypothesis H1 and its sub-hypotheses were rejected. In addition, it has been determined that while the total 
asset turnover ratio and sales growth rate data set positively affect the ROA of the companies that make up the data set, 
the leverage ratio has a negative effect of 0.3%. The literature shows similar results regarding the effect of ESG factors on 
firms’ ROA (Buallay, 2019; Qureshi et al., 2021).

Effect of ESG sub-dimensions on ROE

Table 7 shows that the E and G scores of the sub-dimensions that make up the ESG are statistically significant on ROE. 
It positively affects ROE, with an E score of 0.08% and a G score of 0.02%. According to the findings, it was determined 
that the H2b hypothesis, one of the sub-hypotheses of the H2 main hypothesis, was rejected. In addition, a statistically 
significant and positive effect on the market-to-book ratio, ROE, was determined. Firms’ investments in E and G scores 
had an increasing effect on the ROE. The findings are different from those of some studies in the current literature. 
Per Kamatra and Kartikaningdyah (2015), Han et al. (2016), and Atan et al. (2018), the effect of ESG sub-dimensions on 
ROE could not be determined. The findings of our study differ from the existing literature in this respect.

Effect of ESG sub-dimensions on Tobin’s Q

Table 7 shows that the E score has a positive effect of 0.07% on Tobin’s Q and is statistically significant. Contrary to the 
E score, the G score has a negative effect of 0.08% on Tobin’s Q, and the result is statistically significant. El Khoury et al.’s 
(2021) findings are similar to those in the study’s results. The study stated that the E score had a positive effect on the 
market performance, while the G score had no effect on the market performance. However, according to our findings, 
a negative effect has been determined on the market performances of the companies that make up our G score data set. 
In line with the findings, it was determined that the H3b hypothesis, which is one of the sub-hypotheses of the H3 main 
hypothesis, was rejected. In addition, the total asset turnover ratio has been found to have a positive effect of 1.4% on 
Tobin’s Q ratio of companies. Total assets are negatively and significantly correlated with Tobin’s Q ratio. This indicates 
that small companies can be valued more in the market than large ones (Atan et al., 2018). It has been determined that the 
firm’s age has a small (0.006%) negative effect on Tobin’s Q. Considering the size of the 21 companies that make up our 
data set and the literature, it can be said that our obtained result is consistent.
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According to the findings of our study, when examining the effect of the sub-dimensions constituting ESG on dependent 
variables, it is observed that environmental investments positively affect ROE and Tobin’s Q ratios. This indicates that the 
market rewards companies for their environmental investments. This finding demonstrates that, in addition to enhancing 
their financial performance in the medium and long term by investing in areas outside their operations, companies may 
also improve their visibility and reputation in the markets. Indeed, it would be correct to assume that BIST 100 investors 
value CSR practices and consider these practices in their investments. Furthermore, these results support the findings of 
the studies conducted by Saygılı et al. (2022) and Ozer et al. (2023).

On the other hand, it was found that social investments did not significantly affect the variables representing financial 
performance. This result differs from studies that have concluded a statistically significant relationship between social 
investments and financial performance (Shen et al., 2016; Siueia et al., 2019; Wu et al., 2017). Additionally, existing studies 
indicate that increasing the social performance of firms does not affect their financial performance. Our findings parallel 
a study by Ozdarak and Akarcay (2022), which found no statistically significant relationship between ESG disclosures of 
firms listed on the Borsa Istanbul Metal Products Machinery Index between 2009 and 2018 and their financial performance. 
We conclude that ESG investments should be evaluated through market-based ratios that support stakeholder theory. 
Indeed, our findings support our assumption.

However, it was observed that investments made based on governance scores positively affected firms’ ROE 
ratios. Nevertheless, according to our findings, the governance score negatively affected the firms’ market performance 
(Tobin’s Q) in our dataset. Although this finding differs from some studies in the literature (Ozdarak & Akarcay, 2022; 
Ozer et al., 2023), it is consistent with the results of many other studies (Perez de Toledo & Bocatto, 2008; Abdi and 
Càmara-Turull, 2022; Ghabri, 2022; Saygılı et al., 2022). Therefore, this finding regarding the governance score supports 
the negative synergy hypothesis.

In the findings, it was determined that any of the ESG sub-dimensions did not influence ROA. This finding is different 
from the findings of some studies in the literature (Bually et al., 2021; Velte, 2017; Saygılı et al., 2022). Given that ESG 
investments are long-term and future-oriented, it is foreseeable that there is no statistically significant relationship with 
the accounting-based ROA ratio, which is inherently short-term and past-oriented. Indeed, many studies in the existing 
literature have found that ESG criteria do not affect ROA (Alareeni & Hamdan, 2020; Nirino et al., 2021; Ozdarak & 
Akarcay, 2022; Ozer et al., 2023).

CONCLUSION AND IMPLICATIONS 

This study focused on the activities of the 21 companies forming the BIST 100 index in Turkey regarding ESG criteria. 
The empirical effect of environmental, social, and governance sub-dimensions, which constitute ESG, on companies’ 
financial performance was examined in the study. Panel regression analysis investigated the relationship between the ESG 
sub-dimensions and firm performance. As a result of the research, we found that environmental and governance scores 
significantly impact firms’ financial performance. According to the research findings, the alignment of firms listed on the 
BIST-100 with environmental and governance sub-dimensions affects financial performance and market performance. 
Environmental investments positively influence firms’ ROE and Tobin’s Q ratios. Embracing governance sub-dimension 
negatively affects firms’ Tobin’s Q and positively influences ROE. Statistically significant results regarding the impact of 
the sub-dimensions constituting ESG on firms’ ROA ratios were not found. These findings provide a new perspective on 
the different results of existing research. The results of our analysis demonstrate that the sub-dimensions of ESG have 
a significant impact on firms’ financial performance.

In general, the research findings indicate that each ESG sub-dimensions has different effects on firms’ financial 
performance. It would not be incorrect to assume that activities conducted by firms under CSR are interpreted 
differently by investors. Additionally, it is important to consider the macroeconomic structure, legal system, and level 
of financial development of the countries where firms operate. Studies have identified a regulatory effect of countries’ 
legal systems on the relationship between environmental, social, and governance sub-dimensions and firm performance. 
Indeed, economic activities are built on trust, and the fundamental elements that provide trust are legal regulations. 
Investors prefer their capital to be legally protected and may hesitate to invest in countries where legal protection is weak. 
This situation is supported by various studies in the literature. It has been observed that firms operating in countries 
where legal protection is less effective or ineffective have a  negative governance and firm performance relationship 
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(Ghabri, 2022). Indeed, our findings determined that the governance sub-dimensions had a negative effect on Tobin’s Q 
ratios of the firms constituting our dataset.

Additionally, firms’ performance is also influenced by the macroeconomic situation of countries. Fluctuations or 
shocks that may occur at the global or regional level can affect financial markets and, thus, firms. In such events, the 
extent to which financial markets and firms are affected also varies depending on countries’ financial development. Since 
these environments can impact the relationship between firms’ CSR activities and financial performance in the short to 
medium term, future studies need to analyze longer-term data and consider the macroeconomic structure and level of 
financial development of the countries where the studied firms are located. The research utilizes a dataset covering the 
period from 2011 to 2020. The primary reason for selecting this period is the limited number of firms disclosing the data 
and the difficulty in accessing these data. Indeed, this limitation constitutes one of the most significant constraints of the 
study. Therefore, future research could use datasets covering broader time intervals and examine the practices of other 
developing markets and other corporate groups in Turkey.

In future studies, consider the legal structure of the countries where the firms are located, especially when examining 
the effects of governance scores on firm performance. Additionally, by considering sectoral differences, board structure 
and characteristics, CEO duality, and other relevant factors, researchers can examine the impact of ESG and its sub-
dimensions on firms’ financial performance.
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