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Abstract
Purpose – This study aims to explore the effects of external capital providers, particularly the largest 
shareholders and debtholders, on environmental, social and governance (ESG) performance scores and three 
European industrial companies’ ESG pillar scores. 
Design/methodology/approach – The sample consists of 135 industrial services and goods companies that 
were members of the STOXX Europe 600 Index during the 2019–2023 period. This selection enables the 
exploration of the effects of external capital providers beyond the constraints of intense public scrutiny within 
the industry. The study uses regression-based analyses complemented by Bayesian approaches. Because the 
sample period begins after the adoption of the Sustainable Finance Disclosure Regulation and the European 
Green Deal, the results provide valuable insights for policymakers, regulators and minority shareholders. 
Findings – The findings consistently show that ownership concentration negatively affects social and 
governance scores, whereas corporate ownership positively affects environmental performance, likely because 
of potential synergies. In addition, financial investors appear to respond more to ESG controversies than to 
actively shape the ESG efforts of portfolio companies. Finally, Bayesian analysis reveals a high probability of 
a positive debt–social score association. 
Originality/value – While previous studies have primarily relied on frequentist methods to assess ESG 
determinants at the aggregate level, this study leverages Bayesian analyses to quantify the likelihood that the 
largest shareholders and debtholders affect ESG performance positively or negatively. Furthermore, it 
broadens the scope of ESG research by investigating the role of non-financial corporations as significant equity 
holders, a topic that has received limited attention. 

Keywords Environmental social and governance, Ownership structure

Paper type Research paper

1. Introduction
Many investors perceive environmental, social and governance (ESG) information as crucial 
for investment decisions (Amel-Zadeh and Serafeim, 2018). However, compiling an ESG 
score is time-consuming because it is a multidimensional construct and each dimension can 
be decomposed into numerous measurable indicators (Widyawati, 2021). Thus, most 
investors rely on external providers’ assessments (Cellier et al., 2016; Drempetic et al., 
2020). Most ESG scores measure ESG performance by assessing how a firm manages its 
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environmental impact and interacts with employees, customers and other stakeholders and 
evaluating the ethical and governance standards in corporate decision-making. However, 
ESG performance scores vary considerably across firms (Drempetic et al., 2020).

The ESG preferences of external capital providers may be a source of this variation, 
particularly the preferences of the largest shareholders and debtholders. For instance, the 
European Union’s Sustainable Finance Disclosure Regulation (SFDR) and the European 
Green Deal specifically encourage financial institutional investors to promote sustainable 
financing (Horn, 2024). A literature review by Kavadis and Thomsen (2023) highlights that 
previous studies have predominantly identified financial ownership as a positive factor in 
ESG performance. Similarly, Khan’s (2022) meta-study finds leverage to be a positive driver 
of ESG performance. However, the impact of family ownership remains inconclusive 
(Kavadis and Thomsen, 2023), and little research has examined the role of non-financial 
corporations holding substantial equity stakes in publicly listed firms.

Most studies in this research field follow a frequentist approach, relying on traditional 
statistical significance testing such as regression analysis (Velte, 2023). Frequentist 
techniques allow for inferences about which variables, on average, affect ESG performance. 
In contrast, Bayesian analysis enables the examination of ESG performance drivers at the 
individual firm level instead of focusing on an average firm (Hansen et al., 2004; Mackey 
et al., 2017). To illustrate, a firm’s unique ESG performance may be shaped, among other 
factors, by its largest shareholder’s investment motives, oversight resources, or its attitude 
toward ESG, with the last factor based on its perceived impact on corporate value. As many 
of these factors are intangible or inherently unobservable, Bayesian analysis, which offers 
probabilities of parameters exceeding or falling below zero rather than single-point 
estimates, can provide additional insights (Hansen et al., 2004; Mackey et al., 2017).

This study contributes to the literature that examines the extent to which different external 
capital providers influence a firm’s ESG performance and its three-pillar scores in the 
following aspects. First, we complement the regression-based analyses with a Bayesian 
approach, which has recently attracted increasing attention in empirical finance research 
(Chakraborty et al., 2022). However, based on the literature review in Section 3, we believe 
that this is the first study to apply a Bayesian approach to analyze the ESG performance 
factors.

Second, we investigate the influence of external capital providers on the ESG 
performance of European firms under harmonized regulations within the supersector of 
industrial services and goods (hereafter, industrials) according to the Industry Classification 
Benchmark (ICB). This supersector includes sectors, such as electronic and electrical 
equipment and industrial engineering, which tend to face less public pressure to improve 
their ESG efforts. Instead, their ESG performance is likely shaped by large investors. For 
example, in the absence of public attention, large shareholders may intervene if they consider 
a firm’s ESG efforts to have no effect on value. Conversely, companies in industries that 
directly address retail consumers to a large extent may experience customer-driven pressure 
to uphold environmentally and socially responsible practices (Cordeiro et al., 2021). 
Similarly, companies in ESG-sensitive industries, such as chemicals, are often subjected to 
political pressures and public debates to reduce their environmental damage (Garcia et al., 
2017; Kannenberg and Schreck, 2019). Furthermore, our sample firms exhibit diverse 
ownership structures in terms of both concentration and identity, with family owners or non- 
financial corporations included among the largest shareholders. Consequently, analyzing 
industrials provides a quasi-natural experimental setting to assess the impact of external 
capital providers on ESG performance beyond the constraints of intense public scrutiny. Our 
sample period begins in 2019, after the adoption of the SFDR and European Green Deal and 
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extends to 2023, when these regulations came into force. Unlike prior European studies, 
which focus on institutional and/or family owners and rely on frequentist methods (Velte, 
2023; Kavadis and Thomsen, 2023), our study broadens the scope by incorporating rarely 
examined non-financial corporate shareholders and complementing regression-based 
analyses with a Bayesian framework. The findings may be relevant to policymakers, 
regulators and minority shareholders.

The remainder of this paper is organized as follows. Section 2 reviews related literature. 
Section 3 presents the hypotheses. Section 4 outlines the data and methodology. Section 5 
presents the results of our analyses, while Section 6 discusses their implications. Finally, 
Section 7 concludes the paper.

2. Theoretical foundation
European firms are typically characterized by a high level of ownership concentration 
(Kirchmaier and Grant, 2005; Thomsen and Pedersen, 2000). Therefore, we follow previous 
research (Thomsen and Pedersen, 2000) and focus on the largest shareholders in our analysis. 
The influence of the largest shareholder on the ESG performance of a portfolio firm can be 
understood through several key theories, including agency theory, stakeholder theory, 
legitimacy theory and the resource-based view (RBV) (Velte, 2023). These frameworks 
collectively suggest that the largest shareholders possess both the ability and incentive to 
shape a firm’s ESG performance, although the direction of this influence depends on their 
objectives.

Large investors may engage managers directly, exercise voting rights or threaten share 
divestment (Edmans, 2009). Moreover, the largest investors can contribute additional 
funding, and this capital allocation affects a firm’s growth rate (Kölbel et al., 2020). 
Incentives to promote ESG performance include encouraging management to pursue long- 
term objectives and mitigate reputational risks (Ellimäki et al., 2023). Monitoring incentives 
are positively associated with both the size of the equity stake and length of the investment 
horizon (Shleifer and Vishny, 1986). Longer horizons facilitate sustainability strategies 
(Kordsachia et al., 2022), and concentrated ownership extends horizons (Kavadis and 
Thomsen, 2023). Accordingly, large shareholders are generally expected to steer managerial 
decision-making toward ESG practices that reflect investor preferences for sustainable value 
creation.

Agency theory provides the foundation for this expectation, positing that concentrated 
ownership reduces Type I agency conflicts between managers and shareholders. The 
stakeholder theory complements this view by suggesting that large owners promote ESG 
initiatives to balance the interests of shareholders, employees, customers and communities, 
thereby strengthening their reputation and stakeholder support (Rees and Rodionova, 2015). 
Legitimacy theory explains that firms adopt ESG practices to conform to societal 
expectations and preserve their social license to operate. Thus, large shareholders who are 
sensitive to reputational risks are inclined to advocate transparent disclosures (Ellimäki et al., 
2023; Gega et al., 2025). Finally, the RBV frames ESG performance as a strategic resource 
that generates competitive advantage (Bhandari et al., 2022). From this perspective, large 
shareholders act as strategic resources that shape ESG capabilities, with various types of 
shareholders affecting strategy and effectiveness.

However, concentrated ownership may impair ESG performance when shareholder 
incentives conflict with sustainability objectives. In highly concentrated ownership 
structures, Type I agency conflicts between managers and shareholders are typically minor, 
whereas Type II agency conflicts – that is, principal–principal conflicts – occur frequently 
(Renders and Gaeremynck, 2012). With privileged access to information, large shareholders 
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may exploit firm resources, prioritize short-term profits over ESG investments (Kordsachia 
et al., 2022), or collude with management for private benefits (Souguir et al., 2024). Such 
behavior may lead to the withholding of ESG information, undermining reported 
performance, given rating agencies’ reliance on public disclosure (Escrig-Olmedo et al., 
2019). Similarly, the absence of immediate ESG returns, short-term financial pressures, or 
market turbulence may lead large shareholders to prioritize profitability over stakeholder 
alignment, legitimacy-driven transparency or long-term resource development (Short and 
Ndlovu, 2025).

Beyond ownership concentration, debt ratio serves as an additional governance 
mechanism that influences ESG performance. From an agency theory perspective, higher 
leverage increases creditor monitoring because debtholders bear downside risks without 
participating in upside gains (Jensen and Meckling, 1976). Firms may voluntarily enhance 
ESG disclosures to mitigate the agency costs of debt. Stakeholder theory supports a positive 
debt–ESG link, as robust ESG practices signal reliability to lenders, lowering the cost of debt 
and improving financing access (Adeneye et al., 2023). However, excessive leverage may 
constrain ESG performance because firms cannot afford discretionary ESG investments 
(Bani-Khaled et al., 2025).

3. Literature review and hypotheses development
Drawing on the aforementioned theoretical frameworks, this section develops hypotheses on 
how ownership concentration and debt ratio influence ESG performance. Importantly, the 
largest shareholders cannot be considered a homogeneous class because their investments 
are undertaken for different motives that are likely to affect their preferences for ESG 
performance. Building on prior research, we differentiate institutional investors, family 
owners (Kavadis and Thomsen, 2023), and non-financial corporate shareholders as distinct 
ownership types. European empirical evidence on these ownership types is fragmented and 
relies almost exclusively on frequentist methods.

As institutional investors’ client demand for ESG investments has been increasing (Amel- 
Zadeh and Serafeim, 2018), institutional investors are likely to promote ESG performance to 
fulfill their fiduciary duties. Agency theory suggests that their large equity stakes incentivize 
monitoring to align management with long-term ESG goals. However, institutional investors 
exhibit heterogeneity in investment horizons, monitoring propensity and motivation to 
commit to ESG criteria (Kavadis and Thomsen, 2023). Even fund labeling does not yield 
unambiguous conclusions, as the incentives and conduct of sustainable funds often resemble 
those focused solely on returns (Cremasco and Boni, 2024). A recent literature review by 
Velte (2023) examines the effects of institutional ownership on ESG and corporate social 
responsibility (CSR) reporting and performance, finding that long-term, sustainable and 
foreign institutional ownership are positive drivers. Similarly, a review conducted by 
Kavadis and Thomsen (2023) shows that most studies report a positive impact of 
institutional ownership on ESG and/or CSR metrics. Based on these insights, we hypothesize 
as follows:

H1. When the largest shareholder is a financial institutional investor, ESG performance 
is positively associated with the size of the financial institution’s equity position.

Following Thomsen and Pedersen (2000), we classify firms in which individual investors 
hold the largest equity stakes as family firms. Decisions made by family owned firms are 
influenced by socio-emotional wealth (Gomez-Mejia et al., 2010). Family owners often 
prioritize maintaining control over the firm and protecting their reputation, focusing on long- 
term goals (Souguir et al., 2024). However, this long-term orientation does not necessarily 
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align with ESG concerns. If competitiveness is threatened, family owners may emphasize 
short-term profitability over ESG (Kavadis and Thomsen, 2023), and their less diversified 
portfolios make them cautious about risky ESG investments (Gega et al., 2025; Rees and 
Rodionova, 2015). Theoretical perspectives highlight this tension. Agency theory points to 
principal–principal conflicts that can lead to private benefit-seeking, whereas the RBV 
suggests a reluctance to allocate resources to ESG if competitiveness is at risk.

Although long-term ownership is often positively associated with ESG performance, the 
evidence for family firms is mixed. Kavadis and Thomsen (2023) report that many studies 
find a negative effect. Thus, we hypothesize as follows:

H2. When the largest shareholder is an individual investor, ESG performance is 
negatively associated with the size of the individual investor’s equity stake.

A common phenomenon in European stock markets is that non-financial corporations hold 
substantial equity stakes in publicly listed firms (Kirchmaier and Grant, 2005; Thomsen and 
Pedersen, 2000). Such investments are often strategic and aim to reduce contracting costs, 
mitigate information asymmetries (Fee et al., 2006) and realize synergies or access 
technologies (Drees et al., 2013). From an RBV perspective, corporate investors may 
support ESG when it generates synergies or strengthens competitive advantage, for instance, 
by enhancing stakeholder trust. However, similar to family owners, their less diversified 
portfolios make them reluctant to encourage risky ESG initiatives. Based on this reasoning, 
we hypothesize as follows:

H3. When the largest shareholder is a non-financial corporate investor, ESG performance 
is negatively associated with the size of the corporate investor’s equity stake.

Agency theory suggests that debtholders act as external monitors, encouraging ESG 
disclosure to reduce the agency costs linked to information asymmetry and risk (Jensen and 
Meckling, 1976). Stakeholder theory states that firms with higher debt ratios may adopt 
stronger ESG practices to reassure creditors and other stakeholders concerned about 
reputational or regulatory risks (Adeneye et al., 2023). Legitimacy theory further argues that 
debt-financed firms enhance ESG disclosures to meet societal expectations and safeguard 
their social licenses. Empirical evidence supports this view. A meta-study by Khan (2022)
identifies leverage as one of the most frequently examined variables – after firm size – in 
explaining ESG performance and finds it to be a positive driver. Thus, we hypothesize as 
follows:

H4. The higher an issuer’s debt ratio is, the higher its ESG performance score.

4. Sample, data and methodology
4.1 Sample selection
The initial sample comprises all firms that were classified as industrials and were members of 
the STOXX Europe 600 Index for at least one year from 2019 to 2023. The sample period 
covers more recent years to obtain as many observations as possible using the available ESG 
performance scores. Moreover, the sample period begins in 2019 to ensure comparability. 
This is because the scoring methodology of the ESG performance score used in this study – 
the London Stock Exchange Group (LSEG; formerly Refinitiv Eikon, Thomson Reuters and 
Asset4) ESG performance score – was modified in 2018 (Adeneye et al., 2023). To avoid 
survivorship and newness biases, the firms are added to the sample in the year they first enter 
the index and remain part of the sample until they cease business activities during the 
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investigation period. All data items required for this study are sourced from the LSEG 
Workspace, Datastream and Worldscope databases. The initial sample includes 647 firm- 
year observations. From this sample, 37 observations are removed because of missing 
information, and an additional 41 firm-year observations are classified as outliers according 
to Cook’s distance (23), applying a threshold of 4/n or because of negative common equity 
(18). These modifications lead to an unbalanced data set comprising 569 observations across 
5 years and 135 firms.

4.2 Dependent variables
We follow previous research (Cicchiello et al., 2022; Drempetic et al., 2020; Ferrell et al., 
2016; Garcia et al., 2017) and use the ESG performance scores provided by the LSEG, which 
are also widely utilized by investors (Rajesh and Rajendran, 2020). The LSEG ESG 
performance scores are exclusively based on publicly available information and comprise 
hundreds of ESG measures and data points, ranging from 0 to 100 (Rajesh and Rajendran, 
2020; Widyawati, 2021).

However, a company’s overall ESG performance score includes only a subset of the most 
relevant and comparable ESG measures per industry. These measures are grouped into ten 
categories, and the corresponding category scores are aggregated into the three pillar scores: 
ESG. Moreover, the environmental and social scores are relative scores benchmarked against 
the issuer’s industry. To ensure comparability, this study relies on observations from the 
same ICB supersector. Finally, the ESG performance scores are extended by 23 material 
ESG controversies obtained from negative media stories, which yield the ESG combined 
scores (hereafter, ESG-COMB). This allows for the comprehensive evaluation of 
companies’ sustainability impacts (Rajesh and Rajendran, 2020).

While aggregating the ESG dimensions ensures that users are not overwhelmed by 
information (Widyawati, 2021), disaggregation may shift factor salience (Crace and Gehman, 
2022). To account for the multidimensional nature of the ESG construct, we perform additional 
analyses and successively replace ESG-COMB as the dependent variable with the three pillar 
scores: environmental (E-Score), social (S-Score) and governance (G-Score).

4.3 Explanatory variables
Following Thomsen and Pedersen (2000), we express ownership structure in terms of the 
fraction of shares held by the largest shareholder. We account for the potential heterogeneity 
among investor types and rely on investor-type descriptions assigned by the LSEG Ownership 
and Profiles module. We categorize the proportion of shares held by the largest shareholder 
into four categories: non-financial corporate ownership (CORP), which includes 78 firm-year 
observations; financial institutional ownership (FIN), with 320 firm-year observations; 
individual ownership (IND), comprising 94 firm-year observations; and all other entities 
(OTHERS), such as government agencies, which account for 77 firm-year observations. 
DEBT is defined as the sum of short- and long-term financial debts scaled by total assets.

4.4 Control variables
The set of control variables is derived from previous studies. Firm size (SIZE) is the natural 
logarithm of the firm’s total assets and is often found to positively affect ESG performance 
(Borghesi et al., 2014; Drempetic et al., 2020; Garcia et al., 2017). Larger firms are more 
likely to encounter Type I agency conflicts that can be mitigated by information disclosure 
(Jensen and Meckling, 1976), and may experience public pressure to comply with ESG 
criteria. ROA is measured as the earnings before interest and taxes divided by total assets. 
Profitable firms have resources to support ESG activities. However, greater profitability may 
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signal higher proprietary costs (Botosan and Stanford, 2005), reducing firms’ willingness to 
issue extensive ESG reports to protect future margins. The MBR, defined as the market value 
of equity divided by the book value of equity, captures a stock’s valuation level. A higher 
market-to-book ratio may signal Type I agency problems (Ferrell et al., 2016), necessitating 
greater disclosure that can enhance ESG performance. Intensified ESG efforts may also help 
legitimize high ratios. The issuer’s growth opportunities are measured by CAPEX, that is, 
the ratio of capital expenditures to total assets. High capital expenditures may signal Type I 
agency problems (Ferrell et al., 2016) and create financing needs that encourage greater 
disclosure (Reitmaier and Schultze, 2017), potentially enhancing ESG performance. CASH 
is the ratio of cash and marketable securities to total assets. High cash reserves serve as 
another proxy for agency problems (Ferrell et al., 2016), which can be reduced through ESG 
efforts. However, low cash reserves may also call for intensified ESG efforts if they indicate 
a demand for fresh money.

Moreover, we consider the country-level characteristics that may influence a firm’s ESG 
performance. All sample firms are located in countries with strong democratic 
representation, where societal pressure encourages them to act responsibly (Daugaard and 
Ding, 2022). However, the European Union has driven regulatory measures to address ESG- 
related challenges more strongly than any other jurisdiction (Balp and Strampelli, 2022), 
which potentially affects ESG performance scores. Thus, we create a binary variable (NON- 
EU) that equals one if the firm’s country of domicile is outside the European Union and zero 
otherwise. In 232 of our 569 firm-year observations, NON-EU takes the value of one. 
Finally, we include year dummies to account for time-specific influences, with 2019 serving 
as the reference category. Table 1 summarizes the variables used in the analysis.

Table 2 presents the descriptive statistics for the continuous variables.

4.5 Methodology
To reduce the risk of endogeneity, we use one-period lagged values (t–1) for our explanatory 
variables and continuous control variables (controls) and current year values (t) for the 
dependent variables. We include year dummies for 2020–2023 to account for time-specific 
influences common to all issuers, and a binary control variable (NON-EU) to capture 
jurisdictional differences. We test the model as specified in equation (1):

ESG − COMBi;t = f CORPi; t–1; FINi;t–1; INDi; t–1; OTHERSi; t–1; DEBTi; t–1; controlsi; t–1;ð

NON − EUi; t − 1; year dummiestÞ: (1) 

We account for the multidimensional character of the ESG performance score and 
disaggregate ESG-COMB by using the E-Score, S-Score and G-Score, as summarized in 
equations (2)–(4):

E − Scorei;t = f CORPi; t–1; FINi; t–1; INDi; t–1; OTHERSi; t–1; DEBTi; t–1; controlsi;t–1;ð

NON − EUi;t − 1; year dummiestÞ; (2) 

S − Scorei;t = fðCORPi; t–1; FINi; t–1; INDi; t–1; OTHERSi; t–1; DEBTi; t–1; controlsi; t–1;

NON − EUi; t − 1; year dummiestÞ; (3) 
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Table 1. Variable definitions

Variable Description

Dependent variables
ESG-COMB LSEG ESG performance combined score ranging from 0 to 100 and discounted 

by material ESG controversies obtained from negative media stories
E-SCORE LESG environmental pillar score ranging from 0 to 100
S-SCORE LESG social pillar score ranging from 0 to 100
G-SCORE LESG governance pillar score ranging from 0 to 100

Independent variables
CORP Fraction of shares held by the largest shareholder in the case of non-financial 

corporate ownership
FIN Fraction of shares held by the largest shareholder in the case of financial 

ownership
IND Fraction of shares held by the largest shareholder in the case of individual 

ownership
OTHERS Fraction of shares held by the largest shareholder who is not sorted into the 

categories CORP, FIN, or IND
DEBT Total financial debt scaled by total assets

Control variables
SIZE Natural logarithm of the firm’s total assets
ROA Earnings before interest and taxes divided by total assets
MBR Market value of equity divided by the book value of equity
CAPEX Ratio of capital expenditures to total assets
CASH Ratio of cash and marketable securities to total assets
NON-EU Binary variable that equals One if the firm’s country of domicile is outside the 

European Union and zero otherwise
YEAR dummies Set of binary variables for 2020, 2021, 2022 and 2023 (2019 is the omitted 

reference year)

Source(s): Created by authors

G − Scorei;t = f CORPi; t–1; FINi; t–1; INDi; t–1; OTHERSi; t–1; DEBTi; t–1; controlsi; t–1;ð

NON − EUi;t − 1; year dummiestÞ: (4) 

We perform traditional panel regressions. Random-effects models are selected instead of 
fixed-effects models for three reasons. First, we aim to understand why firms’ ESG 
performance scores differ. Such differences would be difficult to identify if much of the 
information on Level-2 entities (i.e. the sample firms) is lost by applying de-meaning (Bell 
et al., 2019), especially when analyzing a short panel. In addition, the ownership variables 
exhibit minimal within-firm variation over time. Second, unobserved variables, such as the 
largest shareholder’s attitude toward ESG, are unlikely to remain unchanged over time. 
Third, to mitigate the potential small-sample bias inherent in the conventional Hausman 
specification test and following the approach of Talloen et al. (2019), we approximate the 
distribution of the Hausman test statistic through 5,000 bootstrap replications. Across all 
model specifications, the bootstrap procedure does not provide evidence against the null 
hypothesis.

Unreported regression diagnostics reveal heteroscedasticity and serial correlations in the 
residuals. Year dummies absorb common shocks, while Pesaran CD tests indicate no 
remaining cross-sectional dependence. To address the remaining issues, we calculate cluster- 
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robust standard errors at the firm level (Petersen, 2009). Since the variance inflation factors 
in all model specifications are less than five, the reported results are not affected by 
multicollinearity.

Table 2. Sample descriptive statistics for continuous variables

Variable Min. Max. Mean SD

ESG-COMBt 28.156 93.979 64.7 13.21
E-SCOREt 3.598 98.746 63.661 20.121
S-SCOREt 28.298 96.298 71.502 15.872
G-SCOREt 12.901 96.649 66.525 17.832
CORPt–1 0 0.947 0.044 0.124
FINt–1 0 0.46 0.063 0.073
INDt–1 0 0.754 0.056 0.151
OTHERSt–1 0 0.51 0.035 0.104
DEBTt–1 0 0.977 0.404 0.193
SIZEt–1 12.529 18.82 15.583 1.133
ROAt–1 −0.366 0.284 0.076 0.064
MBRt–1 0.091 15.981 2.05 2.026
CAPEXt–1 0.002 0.223 0.029 0.022
CASHt–1 0.001 0.873 0.131 0.103

Note(s): This table reports the descriptive sample statistics. All variables are defined in Table 1
Source(s): Created by authors

We complement our traditional statistical significance testing with Bayesian statistical 
methods to gain more nuanced insights into the factors that drive ESG performance. A 
limitation of traditional regression analysis is that it only calculates point and interval 
estimates, whereas Bayesian models allow full probabilistic predictive inference (Hansen 
et al., 2004; Mackey et al., 2017). In other words, Bayesian analyses quantify the probability 
that a variable will have a positive or negative impact on ESG performance scores. In 
contrast, frequentist regressions provide information on whether an effect exists but offer 
limited insight into the magnitude of the hypothesized effects and the uncertainty 
surrounding them (Kruschke and Liddell, 2018). Additionally, Bayesian models enhance the 
reliability of parameter estimates, even with limited data, by borrowing strength across 
observations using a shared parameter distribution (Hansen et al., 2004). By contrast, 
traditional statistical significance testing in short panels tends to yield weak confidence 
because parameter estimation relies on only a few observations per firm.

When performing the Bayesian analyses, we follow the guidelines suggested by Jebb and 
Woo (2015) and Kruschke (2015). Consistent with the panel regression specifications 
introduced above, we employ a linear model to examine the effects of ownership variables, 
debt and other covariates on ESG performance scores. Irrespective of the dependent 
variable’s definition and given the nature of the value being modelled, we request the normal 
model’s likelihood function and normal priors for the coefficients with a mean of 0 and 
variance of 100. We use relatively uninformative priors because, to the best of our 
knowledge, previous Bayesian research in this field is scarce, with little credible information 
justifying unequal outcome probabilities.

In any model specification, posterior distributions are generated using the Markov chain 
Monte Carlo methods (Gelfand and Smith, 1990) from four chains. Each chain comprises 
625,000 draws from a Hamiltonian Monte Carlo (HMC) sampler, retaining every 20th draw 
after a burn-in period of 25,000 draws. We assess whether the HMC algorithm is 
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representative of the posterior distribution via visual inspection, including trace, density and 
autocorrelation plots, none of which are reported for the sake of parsimony. In terms of 
representativeness and convergence, each parameter’s trace plot fails to reveal any trends 
and traverses the distribution quickly. Moreover, for each parameter, the autocorrelation 
diminishes quickly (i.e. the autocorrelation becomes negligible before the fifth leg), 
indicating reasonable stability and accuracy.

The numerical indicators support the visual inspections. The median acceptance rate for 
all models exceeds 0.95, implying that the chains explore the entire posterior domain. The 
bulk effective sample sizes fall within the interval of 115,924–119,564, well above the 
threshold of 10,000 (Kruschke, 2015). Finally, the Monte Carlo standard error for each 
parameter, except for CAPEX (approximately 10%), falls below 5% of the posterior standard 
deviation, indicating less sampling error variation (Toft et al., 2007).

5. Results
5.1 Results for environmental, social and governance combined scores as the dependent 
variable
Table 3 presents our findings for equation (1), where ESG-COMB serves as the dependent 
variable. Columns 1 and 2 contain the results of the random-effects regression, and Columns 
3–7 display the results using the Bayesian methodology. When presenting the results of the 
Bayesian models, we follow previous studies (Cordeiro et al., 2021; Mackey et al., 2017) 
and disclose the posterior mean of the distribution of the parameters (Column 3), the 
probability that these parameters would have a negative effect on the dependent variable 
(Column 4) and the corresponding 95% highest posterior density (HPD) interval (Column 5).

In a Bayesian framework, the prior distribution formalizes theoretical assumptions or 
initial uncertainty before data collection. By combining these priors with the observed data, 
we obtain the posterior distribution, which represents the updated probability of parameter 
values. The HPD interval identifies the most credible values within this distribution; a 95% 
HPD interval that includes zero indicates that the null value remains highly plausible and that 
there is insufficient evidence to conclude that the parameter differs meaningfully from zero 
(Kruschke, 2018).

Complementary Bayesian null hypothesis testing is performed using the Bayes factor, 
which provides a continuous measure of evidence by quantifying the relative support for 
competing models yielded by the data. Unlike the p-value – which evaluates the data only 
against a single reference value – the Bayes factor is inherently comparative (Wagenmakers 
et al., 2018). For instance, a Bayes factor of 30 indicates that the data support a non-zero 
effect 30 times more strongly than the null hypothesis. Thresholds of 30 and 100 are typically 
interpreted as strong and decisive evidence, respectively (Kruschke and Liddell, 2018).

The results from both frequentist and Bayesian regressions provide strong support for H2. 
IND is a robust negative driver of ESG-COMB, supported by classical significance (p < 0.05) 
and a strong Bayes factor of 44. In contrast, H1, H3 and H4 are rejected, although the 
coefficient signs and Bayesian posterior means align with expectations. For the control 
variables, both methods indicate that SIZE (NON-EU) is a positive (negative) driver of ESG 
performance, with classical significance of p < 0.01 (p < 0.1) and decisive (strong) Bayesian 
evidence. Furthermore, both techniques show that the 2020 and 2021 year dummies are 
positively related to ESG-COMB, with classical significance (p < 0.05) and consistent 
Bayesian support (Bayes factors of 26 and 46). For the remaining variables, neither p-values 
nor posterior distributions provide clear evidence of statistical effects.
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5.2 Results for the disaggregated environmental, social and governance pillar scores
The evidence for the determinants of the E-Score is presented in Table 4. Both traditional and 
Bayesian regressions show that the E-Score is positively associated with SIZE (p < 0.01, Bayes 
factor approaching infinity) and the year dummies (all p-values below 0.10 and the minimum 
Bayes factor across the dummy variables exceeding 146). Additionally, the traditional regression 
identifies NON-EU as a marginally statistically significant negative determinant of the E-Score. In 
the Bayesian framework, there is a posterior probability of approximately 96% that NON-EU 
negatively affects the E-Score, with the Bayes factor falling slightly below the threshold of 30. All 
hypotheses regarding the variables of interest are rejected. However, contrary to H3, traditional 
regression finds CORP to be a significantly positive factor influencing the E-Score.

The results with the S-Score as the dependent variable are reported in Table 5. Across 
both frequentist and Bayesian frameworks, FIN and IND emerge as relevant predictors, 
though they differ in their degree of empirical support. Specifically, FIN shows only 
marginal frequentist significance (p < 0.10), and the Bayesian analysis likewise yields 
substantial evidence with a Bayes factor of 27. In contrast, IND exhibits a more robust 
impact, achieving both classical statistical significance (p < 0.01) and strong Bayesian 
evidence (Bayes factor of 51). While the findings for IND align with H2, the results for FIN 
contradict the positive association proposed in H1. In the traditional regression, DEBT shows 
a positive but statistically nonsignificant association with the S-Score. In contrast, the 
Bayesian analysis reveals strong evidence of a positive effect: the Bayes factor is 41, and 
only 2.4% of the posterior draws are negative. Moreover, consistent with previously reported 
results, both methods identify SIZE and NON-EU as significant drivers of the S-Score.

The results for the determinants of the G-Score are summarized in Table 6. Both the 
traditional and Bayesian regressions show that the G-Score is positively related to SIZE. 
Moreover, both methods demonstrate inverse relationships between the G-Score and 
ownership concentration among the largest shareholders across all owner-type variables. 
Both IND and CORP exhibit strong frequentist evidence (p < 0.01) and decisive Bayesian 
support (Bayes factors ≫ 100), while FIN shows only marginal frequentist support (p < 0.10) 
and substantial Bayesian evidence (Bayes factor above 24). The G-Score reflects, inter alia, 
an issuer’s transparency in ESG reporting and its commitment to corporate governance 
principles. It is based on indicators such as the experiences of the supervisory board’s 
members or the independence of an audit committee. Thus, our findings on the negative 
impact of ownership concentration correspond to Type II agency conflicts.

5.3 Robustness checks
First, we test whether our results suffer from endogeneity. For brevity, we rely on traditional 
approaches, namely the two-stage least squares (2SLS) regressions. We focus on 
endogeneity concerns related to our independent variables because it is unclear whether their 
effects on the dependent variables are causal or whether external capital providers select 
companies with ESG-Scores that align with their preferences (Adeneye et al., 2023). We 
restrict the analyses to the independent variables for which the null value hypotheses in 
equations (1)–(3) are rejected. Because several variables in equation (4) are potentially 
endogenous, no further endogeneity tests are conducted.

Thus, we consider IND a potentially endogenous variable in equation (1). We choose the 
natural logarithm of (number of security analysts + 1) as the instrument because concentrated 
ownership is often associated with less analyst coverage, whereas analyst coverage does not 
significantly explain the dependent variable in equation (1). As shown in Table 7, the first- 
stage F-statistic of ln(number of security analysts + 1) comfortably exceeds the threshold of 
10 (F-value ≈ 18.8) according to Stock et al. (2002). The second-stage results are broadly 
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consistent with those reported in Table 3. The Durbin–Wu–Hausman test does not indicate 
any endogeneity concerns, with a χ2 test statistic of 1.85 (p ≈ 0.99). Given that 2SLS is less 
efficient than one-stage regressions (Ebbes et al., 2016), our statistical inference statements 
rely on previously reported one-stage regressions. Comparable findings emerge when IND is 
treated as a potentially endogenous variable in equation (3).

Similarly, we test for the endogeneity of CORP in explaining the E-Score using ln(number of 
security analysts + 1) as the instrument. The first-stage F-statistic is below the threshold of ten (F- 
value ≈ 6.2), while the Durbin–Wu–Hausman does not suggest any endogeneity concerns 
(p ≈ 0.999). In the single-stage regression, CORP exhibits a positive and statistically significant 
association with the E-Score. However, when the model is re-estimated using 2SLS, the CORP is 
no longer statistically significant. Given the lack of stronger instruments, endogeneity cannot be 
entirely ruled out, although the relatively low within-variance of CORP may render such concerns 
less plausible. For brevity, we do not present the 2SLS estimation results separately. In the case of 
FIN, which is considered a potentially endogenous variable in equation (3), only weak instruments 
are detectable, similar to earlier findings for CORP. For instance, the first-stage F-statistic of 
ln(number of security analysts + 1) is just 3.2. Although endogeneity in FIN cannot be statistically 
ruled out, we address this issue from an economic perspective in Section 6.

Second, we account for the possibility that the E-Score and S-Score of our sample firms could 
not be readily compared across ICB subsectors. Instead of re-estimating the models for different 
subsamples, we exploit the benefit of the Bayesian approach, which allows an entire distribution 
to be grouped into different sub-distributions (Mackey et al., 2017), such as for different sub- 
sectors. Table 8 shows the findings of the sub-distributions for the subsectors of “electronic and 
electrical equipment” and “industrials engineering,” with the S-Score serving as the dependent 
variable. These findings do not differ substantially from the previously reported results. The 
findings with the E-Score as dependent variable are comparable to those reported in Table 8 (not 
reported for brevity). Finally, we examine whether our findings differ in terms of firm size. The 
results do not exhibit any size-related bias; therefore, we do not provide additional reporting.

6. Discussion
6.1 Synthesis of results
Contrary to previous results (Dyck et al., 2019; Feng and Wu, 2021) and our H1, we find a 
negative association between financial ownership and both the social and governance scores 
based on traditional and Bayesian analyses. In the traditional regression, however, we observe a 
positive but nonsignificant effect on ESG-COMB. Given that the latter is based on the three- 
pillar scores but includes ESG controversies, it can be inferred that financial investors appear to 
be guided by the ESG score and ESG controversies rather than exerting pressure to improve it.

Consistent with our H2, both the frequentist and Bayesian results reveal a negative 
influence of individual ownership on ESG-COMB, as well as on the S-Score and G-Score. 
These findings correspond to the perception that family owners hesitate to engage in ESG 
investments (Gega et al., 2025). Alternatively, the largest individual shareholders may not 
anticipate a positive ESG–firm value relationship.

Overall, we find little evidence that large shareholders exercise control or voting power during 
the investigation period to improve issuers’ ESG performance in European industrial firms. 
However, contrary to our third hypothesis, the E-Score is positively associated with ownership 
concentration when corporate investors hold equity positions. A potential explanation is that 
corporate investments are often undertaken to gain access to the target’s technology (Drees et al., 
2013). Thus, these findings allow us to conclude that large investors do not inherently oppose ESG 
but instead seek the benefits associated with it, although endogeneity concerns, while addressed, 
cannot be completely ruled out.
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Table 7. The influence of IND on ESG-COMB: two-stage least squares (2SLS) regression

First stage regression (1) Second stage regression (2)

Dependent variable: IND
Dependent variable: ESG- 

COMB
Variable Estimates Std. error Estimates Std. error

INTERCEPT 0.082 0.051 17.473 16.958
CORPt–1 −0.072*** 0.019 −7.301 8.785
FINt–1 −0.158*** 0.025 3.660 18.926
OTHERSt–1 −0.148** 0.058 −23.272* −12.958
DEBTt–1 0.011 0.007 3.581 4.443
SIZEt–1 0.002 0.003 3.008*** 1.056
ROAt–1 −0.001 0.015 3.098 7.502
MBRt–1 0.001 0.001 −0.303 0.355
CAPEXt–1 0.045 0.049 38.446 38.002
CASHt–1 0.031** 0.012 10.449* 6.272
NON-EUt–1 −0.039 0.023 −5.121** 2.448
YEAR_2020 0.001 0.001 1.864** 0.870
YEAR_2021 −0.001 0.002 2.272** 1.009
YEAR_2022 0.001 0.002 1.431 1.295
YEAR_2023 0.001 0.002 −0.115 1.234
LN(number of analysts + 1)t – 1 −0.012*** 0.003 - -
INDt–1 (fitted values) - - −34.584* 20.839
F-Test excluded instrument (p-value) 18.776 (<0.001) -
χ2 endogeneity test (p-value) 1.85 (0.999)
R2 0.130 0.104

Note(s): Column 1 reports the first-stage regressions results with IND as an endogenous variable. The LN 
(number of analysts + 1) was used as the instrument. Column 2 presents the second-stage regression results. The 
regression coefficients are unstandardized, and standard errors are clustered at the firm level. All the variables 
are defined in Table 1. ***p < 0.01, **p < 0.05, *p < 0.1
Source(s): Created by authors

The traditional regression analysis indicates that DEBT is a positive but nonsignificant 
factor in ESG-COMB. Complementarily, the Bayesian analysis, aligned with our fourth 
hypothesis, estimates an 18.9% probability of a negative impact.

Regardless of the models tested and techniques applied, our findings underscore the 
positive contribution of company size to ESG performance, thereby adding to the 
conventional wisdom that ESG performance scores are subject to size bias (Drempetic et al., 
2020). According to the Bayesian analysis, CAPEX is a positive factor of the E-Score, 
supported by strong evidence. Industrial firms may have acknowledged environmental 
performance as a key decision-making factor for potential investors, thus strengthening their 
efforts. Alternatively, industrial companies may have increasingly invested under ESG 
criteria, leading to improvements in environmental performance. However, a more 
comprehensive analysis requires detailed information on the nature of investments. The 
availability of such data is expected to increase once the Corporate Sustainability Directive 
of the European Union is fully implemented (Arvidsson and Dumay, 2022).

6.2 Methodological and practical implications
This study has both methodological and practical implications. First, our Bayesian analysis 
complements traditional regression by providing additional insights. The coefficient 
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estimates from the random-effects regressions broadly align with those obtained through 
Bayesian analysis, as the latter employs weakly informative priors and assumes a normal 
distribution to generate estimates. Nonetheless, Bayesian analysis helps mitigate some 
limitations of traditional regression methods. For instance, while traditional regressions 
indicate a negative but nonsignificant effect of financial ownership on the E-Score, our 
Bayesian approach quantifies the probability of a negative impact at 74.5%.

Table 8. Determinants of S-Score for different ICB subsectors

All firms
Electronics and electrical 

equipment subsector
Industrial engineering 

subsector

Variable
(1) Posterior 
mean (2) Prob < 0

(1) Posterior 
mean (2) Prob < 0

(1) Posterior 
mean (2) Prob < 0

INTERCEPT 30.473 0.020 31.447 0.030 30.488 0.036
CORPt–1 −8.033 0.892 −7.775 0.833 −8.152 0.843
FINt–1 −17.209 0.964 −17.252 0.936 −17.115 0.933
INDt–1 −15.873 0.981 −16.117 0.955 −15.845 0.951
OTHERSt–1 −16.095 0.933 −16.132 0.903 −16.182 0.903
DEBTt–1 6.182 0.024 5.892 0.152 6.299 0.141
SIZEt–1 2.780 0.002 2.885 0.010 2.781 0.012
ROAt–1 2.533 0.320 2.488 0.369 2.508 0.369
MBRt–1 0.098 0.408 0.350 0.399 0.014 0.481
CAPEXt–1 11.693 0.283 11.724 0.289 11.641 0.291
CASHt–1 3.647 0.210 3.800 0.247 3.643 0.256
NON-EUt–1 −10.641 1.000 −10.451 0.947 −10.547 0.944
YEAR_2020 0.560 0.166 −0.750 0.537 0.719 0.439
YEAR_2021 0.836 0.148 −1.640 0.531 1.240 0.435
YEAR_2022 1.709 0.028 −0.040 0.500 2.108 0.408
YEAR_2023 0.694 0.241 −0.591 0.511 0.660 0.489

Note(s): Column 1 reports the posterior mean of the parameters. Column 2 shows the probability of these  
parameters having a negative effect on the dependent variable. The results are segregated into ICB subsectors. 
All the variables are defined in Table 1
Source(s): Created by authors

Second, our results illustrate that studies on the influence of the largest shareholders on 
ESG performance require differentiation by industry and ESG pillar scores. To illustrate this, 
we identify the negative impact of financial investors on the scores of all three ESG pillars of 
industrial firms, whereas previous studies have predominantly demonstrated the positive 
influence of financial investors (Velte, 2023).

Third, our findings allow us to conclude that financial investors seem to be guided by 
ESG scores instead of actively shaping portfolio firms’ ESG performance. Specifically, they 
tend to avoid ESG controversies. However, controversial ESG data may be subject to 
selection bias in terms of geography and language, with companies in English- and French- 
speaking countries being overrepresented (Barkemeyer et al., 2023).

Fourth, regardless of the identity of the largest shareholder, our Bayesian analyses reveal 
a high probability of a negative impact of ownership concentration on each of the three ESG 
pillar scores. Consequently, to counteract this lack of engagement, additional regulatory 
requirements and targeted incentives can be developed to encourage greater engagement in 
ESG investments. For instance, if ESG investments are considered risky, tax tools such as 
accelerated ESG investment depreciation (Tan et al., 2024) could promote sustainability 
efforts.
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7. Conclusions
This study aims to provide additional insights into the firm-specific determinants of ESG 
performance by applying traditional and Bayesian regressions. Our analysis relies on the 
ESG combined score provided by the LSEG. Moreover, we account for the multidimensional 
nature of the ESG construct and, in additional models, replace the ESG combined score as 
the dependent variable with each ESG pillar score. We analyze a sample of firms classified as 
industrials, in which public pressures to enhance ESG efforts are expected to be lower than in 
more ESG-sensitive industries, such as the energy sector. As one of the primary goals of the 
European Green Deal framework is to direct capital flows toward sustainable investments 
(Horn, 2024), we focus specifically on the effects of the largest shareholders and debtholders. 
We assume that the ESG performance of industrials is largely driven by the largest 
shareholder’s investment motives, oversight resources and attitude toward ESG.

To obtain more nuanced insights into the influence of the largest shareholders and debtholders 
on ESG performance and pillar scores, we supplement traditional statistical significance testing 
with Bayesian analyses. One key advantage of Bayesian regression is its ability to quantify the 
probability that a variable will exert a positive or negative effect on ESG performance scores.

Regardless of the estimation technique applied or the identity of the largest shareholder, 
we consistently find negative associations between ownership concentration and the three 
ESG pillar scores. The sole exception is corporate ownership, which shows a positive 
association with environmental scores, likely because of synergies, although endogeneity 
remains a concern. Moreover, our findings suggest that financial investors are guided by ESG 
controversies rather than actively shaping the ESG performance of portfolio firms. Although 
corporate debt is not significant in traditional regressions, the Bayesian analysis estimates the 
probability of a negative impact at approximately 18.9% for the ESG combined score and 
only 2.4% for the social score. These findings are robust for different sub-distributions sorted 
by the ICB subsector and firm size.

Our analysis has a few limitations. The study reveals that the proportion of shares held by 
the largest shareholder negatively affects social and governance pillar scores. Subsequent 
research should address the question of whether this finding is attributable to Type II agency 
conflicts or the perceived non-beneficial impact of ESG on corporate value, among other 
factors. Moreover, our study relies exclusively on the ESG combined score and its pillars 
provided by the LSEG. Previous research has shown a lack of convergence in different ESG 
measurement approaches (Billio et al., 2021; Dorfleitner et al., 2015). Discrepancies across 
ESG measures stem from differences in the criteria used to assess ESG, the metrics applied 
in the evaluation and the weighting of these metrics (Berg et al., 2022). Consequently, our 
findings are not necessarily generalizable. Finally, the explanatory power of our traditional 
regressions is limited, necessitating the inclusion of additional explanatory variables. For 
instance, our analysis does not consider managers’ personality traits such as the Big Five. A 
recent study shows that managers’ risk tolerance reduces the readability and disclosure 
volume of corporate sustainability reports (Mahmoudian et al., 2021). Therefore, ESG 
performance may also be a function of such personality traits.
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