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Abstract

This study investigates the impact of sustainable development on the relevance of account-
ing information and financial activities of companies listed on the Stock Exchange of Thai-
land (SET). The results reveal that earnings per share and book value per share have a
positive effect on market value, implying that higher earnings signal strong financial perfor-
mance, thereby attracting more investor interest. Short-term and long-term debt financing
have a negative effect on market value, suggesting that debt financing leads to increased
financial risk. Current asset and fixed asset investments have a positive effect on market
value by signaling confidence in operational performance. Dividend payouts have a positive
effect on market value, demonstrating a commitment to returning value to investors, result-
ing in a stronger firm reputation and investor perception. However, firms that adhere to sus-
tainable development guidelines face more complex dynamics. The results show that both
earnings per share and book value per share have a negative effect on market value, sug-
gesting that while they report high earnings per share and book value per share, these finan-
cial metrics cannot alleviate investor skepticism regarding sustainability as a cost of the firm.
Short-term debt financing has a positive effect on market value because it provides a flexible
and efficient way to fund sustainable investments without diluting equity or incurring long-
term debt obligations, while the implications of long-term debt financing and current asset
investments are insignificant. Furthermore, the significant positive effect of fixed asset
investment underscores the potential long-term benefits of sustainability, despite high initial
costs. Lastly, the non-significant negative impact of dividend payouts on market value sug-
gests that the overall effect may also depend on various factors. These results support the
idea of efficient market theory, which posits that investors may have negative reactions to
what they perceive as financial burdens, diminishing the importance of positive financial
metrics and altering market value. This study recommends that policymakers should care-
fully design regulations and incentives to support sustainable investments. Such
approaches may include establishing specific funds, tax incentives, subsidies, and soft
loans. Additionally, policymakers need to promote transparency and consistent reporting on
the long-term financial benefits of sustainability, which can help reduce investor skepticism
and foster a more positive market response. Finally, firms should clearly communicate their
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long-term sustainability efforts and benefits to investors and various stakeholders, leading
to a positive interpretation of the firm’s commitment to sustainable development.

Introduction

This study is motivated by empirical research by Ohlson [1], which examined the relevance of
accounting information, as well as the studies of other researchers such as Dimitropoulos and
Asteriou [2], Shamki [3], Mostafa [4], Ahmadi and Bouri [5], and Cupi¢, Todorovi¢ [6]. Value
relevance is a critical attribute of accounting information that significantly influences deci-
sion-making processes. An increase in the relevance of accounting information is vital for
attracting investment, facilitating the sale of established firms’ equities, and enhancing inves-
tors’ decision-making capabilities [7]. From investor perspectives, accounting information
plays a crucial role in assessing firm performance, acting as a bridge between the management
and the information users, providing insights into financial health that are critical to making
investment decisions. Similarly, firm financial activities play a crucial role in propelling firm
growth because they demonstrate the company’s capacity to effectively manage resources and
generate value for its stakeholders. For instance, debt financing, which is crucial for investment
expansion, can stimulate earnings growth, resulting in enhanced shareholder value. However,
prudent debt management is necessary to mitigate long-term financial risks. Achieving an
optimal debt level not only fosters profitability and firm value but also bolsters competitiveness
in the business environment [8]. Assets, representing economic resources expected to benefit
the firm, play a critical role in optimizing operational efficiency and generating sustainable
returns [9]. Asset investment decisions are crucial for efficiently allocating resources, optimiz-
ing operations, and generating future returns. Dividend payouts can signal information to
investors about future performance [10]. However, excessive dividend payout can adversely
affect firm wealth. Balancing debt financing, asset investment, and dividend payouts is a criti-
cal strategy for firms aiming to sustain market competitiveness and maximize shareholder
wealth. Understanding the implications of these financial activities is crucial for stakeholders,
regulators, and researchers to comprehend corporate financial strategies and their effects on
market dynamics. These elements have an impact on investors and are often integrated into
the investment decision-making process alongside evaluations of firm profitability through
key accounting information metrics, such as earnings per share and book value per share.
However, empirical challenges remain regarding the impact of accounting information on
stock prices in emerging and developing markets, an area that has not been extensively studied
[11].

In recent years, there has been a renewed interest in creating value for stakeholders in vari-
ous contexts [12], closely linked to the integration of sustainable development practices—a
crucial strategy for firms that are aimed not at delivering only financial returns but also need
to contribute to environmental preservation, foster social inclusivity, and uphold ethical gover-
nance standards. This change reflects a broader recognition that sustainable development
practices are becoming integral to long-term value creation and essential for maintaining a
competitive advantage and meeting stakeholder expectations that are expected to balance tra-
ditional financial objectives with broader social and environmental goals and offer several ben-
efits, such as enhancing brand reputation [13], improving employee productivity, increasing
operational efficiency, and strengthening relationships with regulators, society, and various
stakeholders [14]. These advantages can help firms sustain their market positions over the long
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term and create opportunities for superior investment projects [15]. However, sustainable
development commitments can sometimes lead to overinvestment and other actions that may
not align with shareholder interests. Management might undertake socially responsible initia-
tives that benefit broader stakeholder groups but come at the expense of shareholders, poten-
tially eroding firm value if these initiatives do not generate profitable returns [16]. This raises
the question: how do companies committed to sustainable development alter the traditional
relationship between accounting information, financial activities, and the market value of
firms in emerging markets, particularly in Thailand? While past studies have clarified the
impact of accounting information and financial activities on market value, the moderating
effect of sustainable development necessitates a reevaluation of how sustainability initiatives
interact with accounting information and financial activities. Due to the diverse perspectives
of investors on sustainability projects, firms must effectively communicate their commitment
to these goals while maintaining financial health. Therefore, the relevance of accounting infor-
mation must be adapted to reflect not only financial performance but also its sustainability
efforts and their implications for future growth and investor confidence. Consequently, this
study underscores the importance of integrating sustainability into financial analysis to pro-
vide a comprehensive view of corporate performance and value creation in today’s dynamic
market environment.

The study of how sustainable development moderates the relevance of accounting informa-
tion and financial activities to market value is essential for understanding how firms can bal-
ance financial performance with sustainability efforts. As investors and stakeholders
increasingly prioritize sustainability, which can affect market value too, this study will explore
how sustainability practices interact with traditional financial metrics—such as earnings per
share, book value per share, debt financing, asset investment, and dividend payouts. Through
these examinations, this research illuminates the effect of sustainability on financial decision-
making and highlights the necessity to reassess conventional financial metrics as firms incor-
porate sustainability into their strategies, thereby illustrating its influence on corporate behav-
ior, capital allocation, and investor expectations, particularly in emerging markets. This
research contributes to the broader discussion about aligning financial performance with cor-
porate sustainable development and provides a foundation for further exploration of sustain-
able finance in global markets.

Literature review and hypotheses

This section provides a comprehensive analysis of its correlation with the variables in this
research, as well as a review of past studies related to this subject.

Accounting information and market value

Accounting information consists of several key metrics, such as earnings per share and book
value per share, vital indicators for evaluating financial performance. Earnings per share, cal-
culated by dividing net profits by the number of outstanding shares, indicate firm profitability,
while book value per share reflects the portion of firm equity that is attributed to each share of
common stock if the firm gets liquidated, calculated by dividing shareholders’ equity by the
number of outstanding shares. Both metrics serve as crucial benchmarks for investor decision-
making, evaluating a firm’s ability to generate income and create value for its shareholders.
The transition from earnings to book value forms the foundation of firm value evaluation [3],
and increased transparency in financial information has been shown to positively impact
shares, reducing the risk of share collapse [17]. According to the efficient market theory [18],
stock markets respond quickly to news. If a firm reports higher profits, the market reacts
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positively. Conversely, lower profits lead to a negative response, resulting in a decrease in the
firm’s market value.

The studies in emerging markets reveal the significant role of accounting information in
explaining stock prices. In Egypt, earnings and book values hold substantial explanatory
power for stock prices, with earnings demonstrating a stronger influence [4]. Similarly, in
Tunisian banks and financial institutions, a significant correlation exists between earnings and
shareholders’ equity book value [5]. In Ghana, earnings play a more prominent role in share
price fluctuations compared to book value [19], while in Jordan, various accounting metrics
positively and significantly impact market value per share [20]. In the MENA region, account-
ing information is highly relevant to market value, reflecting a strong positive relationship
[21]. However, findings from the Amman Stock Exchange suggest that earnings per share,
book value per share, dividend payout ratio, and bank size do not influence stock returns [22].
In Serbia, accounting earnings are more value relevant than cash flows, with value relevance
increasing after capital market regulatory improvements [6]. In Nigeria, earnings per share,
net book value per share, and price-earnings ratio positively influence share prices, while
return on equity shows no significant relationship [23]. However, the COVID-19 pandemic
has reduced the usefulness of accounting information for investor decision-making in Nigeria,
with a decline in the explanatory power of earnings and book value in the post-pandemic
period [24].

Studies conducted in the Asian market show that book value per share and net cash flow
from investing activities in the NSE Energy Index consistently explain market price variations,
whereas profit after tax fails to do so [25]. In Vietnam, earnings and book value of equity posi-
tively and significantly influence stock prices, with earnings explaining more variation in stock
market values than book value. However, the study notes a declining trend in value relevance
from 2010 to 2020, with the 2014 accounting reforms failing to enhance it [26]. In China, the
value relevance of financial variables varies, with some increasing and others decreasing, indi-
cating that accounting figures play a role in stock pricing but at different levels. Smaller firms,
those with lower growth rates and higher asset tangibility, show more pronounced improve-
ments in value relevance [27]. In Pakistan, changes in earnings are found to be more value-rel-
evant than earnings, reflecting investor priorities [28]. For ASEAN banks in Indonesia,
Malaysia, Singapore, Thailand, and the Philippines, both earnings and book value have a statis-
tically positive impact on stock prices, with revenue being more closely linked to value than
other variables [29]. In Malaysia, earnings, book value of equity, and cash flow from operations
are found to be valuable, and real earnings management moderates their relevance [30]. On
the Stock Exchange of Thailand, net income exhibits the highest value relevance across most
industries, while property, construction, and resources sectors show comprehensive income as
the most relevant. Additionally, accounting profit is most relevant 16 days after the financial
statement submission deadline [31].

Considering these reasons, this study therefore hypothesizes that:

HIla: Earnings per share have a positive effect on market value.

H1b: Book value per share has a positive effect on market value.

Financial activities and market value

Debt financing. Debt financing involves borrowing funds that a business must repay over
time, either in the short term or long term. Short-term debt financing, typically due within a
year, is used to address immediate financial needs, such as managing cash flow, financing
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inventory, or covering short-term liabilities; it includes instruments like lines of credit, com-
mercial paper, and short-term bank loans. Long-term debt financing, with repayment periods
extending beyond a year, is utilized for substantial investments like purchasing property,
equipment, or business expansion and encompasses options like bonds, long-term bank loans,
and mortgages. Short-term debt often features lower interest rates and quicker access to funds,
while long-term debt generally involves higher interest rates due to prolonged risk exposure
and necessitates a careful evaluation of the borrower’s long-term financial stability.

Debt financing plays a crucial role in shaping a firm’s operational and strategic decisions.
Past research highlights that debt ratios, including trade credit, short-term debt, and long-
term debt, negatively impact firm performance by reducing profitability [32]. High debt ratios
also raise agency costs and increase the risk of losing control, leading many SME owners and
managers to rely more heavily on equity financing [8]. Furthermore, financial leverage, espe-
cially the debt-to-EBITDA ratio, hurts important performance indicators like return on equity,
earnings per share, and Tobin’s Q. This shows how important decisions about a company’s
capital structure are for its overall performance [33]. Conversely, increases in both short-term
and long-term debt, alongside tangible fixed assets, positively correlate with return on total
assets, although long-term debt specifically reduces return on equity [34]. Past research also
indicates that higher leverage ratios can enhance performance, particularly by improving
return on equity due to tax benefits from interest expense deductions [35]. In developing econ-
omies, long-term debt financing has been found to mitigate liquidity imbalances caused by
economic volatility, proving beneficial for firms in such environments [36]. Furthermore, sig-
nificant debt financing has been associated with increased systematic risk [37] and negatively
affects shareholder value and corporate investment, suggesting that excessive leverage may
limit a firm’s ability to generate shareholder value and invest effectively [38]. Short-term debt
positively influences financial growth, as evidenced by increased earnings per share and mar-
ket capitalization [39]. However, raising short-term debt for long-term investment projects
can significantly increase crash risk [40]. Replacing long-term debt with short-term debt may
enhance expected stock returns by shifting risk from long-term debtholders to shareholders
[41]. Moreover, long-term leverage obligations negatively impact firm value, though this effect
varies based on firm size and the nature of long-term investments [42]. While the short-term
debt to total assets ratio has little effect on firm value, long-term debt to total assets, total debt
to total assets, and total debt-to-equity ratios positively affect firm value by reducing agency
costs and information asymmetry while boosting investor confidence [43]. However, both
short- and long-term debt can hinder profitability through agency issues that lead to high-debt
policies, ultimately reducing overall firm performance [44].

Considering these reasons, this study therefore hypothesizes that:

H2a: Short-term debt financing has a negative effect on market value.

H2b: Long-term debt financing has a negative effect on market value.

Asset investments. Asset investments consist of current and fixed assets, which serve dis-
tinct roles. Current asset investments focus on assets that are quickly convertible into cash
within a year, such as inventory, receivables, and cash itself, which are crucial for maintaining
liquidity and financing day-to-day operations, while fixed asset investments focus on allocat-
ing capital to long-term assets like machinery, buildings, technology, and intangible assets,
which are fundamental for enhancing production capacity, operational efficiency, and driving
long-term growth. Both types of investments are essential because they contribute to strategic
development and the competitive advantage of firms.
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Past research indicates that research and development (R&D) investments have a positive
effect on firm performance, albeit nonlinear. R&D investments increase firm value up to a cer-
tain point, beyond which additional investments yield diminishing returns [45]. This relation-
ship is characterized by an inverted U-shaped curve, particularly pronounced in high-growth
firms [46], suggesting the existence of an optimal investment level that maximizes firm value.
This optimal level varies depending on the quality of investment opportunities and the pres-
ence of under- or over-investment issues [47]. Investments in marketing and brand capital are
crucial for firm value enhancement. Marketing investments positively impact firm valuation
[48]. Firms with lower brand capital investment generally achieve higher average stock returns
compared to those with higher brand capital intensity, suggesting a positive correlation
between brand capital and financial returns [49]. Investment efficiency plays a significant role
in firm value, emphasizing the importance of effective resource allocation [50]. Additionally,
the cumulative value of intangible assets, including computerized information, innovative
property, and economic competence, positively influences sustainable growth rates and overall
firm value [51]. Growth in short-term assets better predicts stock returns one year ahead,
whereas long-term asset growth predicts stock returns two years in advance [52]. Furthermore,
human assets positively relate to firm value, while fixed assets show a negative relationship.
Efficiency in human resources has improved compared to the previous year, while efficiency
in other assets has declined [53]. Fixed asset growth positively affects the sustainable growth
rate, and this rate strengthens the impact of fixed asset growth on firm value [54]. Investments
in fixed assets significantly impact profitability in the Nigerian banking sector [55]. However,
investment in tangible assets negatively affects short-term returns, reflecting a profit-taking
orientation among Indonesian capital market investors [56]. Lastly, changes in property,
plant, and equipment drive the predictability of share returns with respect to non-current
operating assets [57].

Considering these reasons, this study therefore hypothesizes that:

H3a: Current asset investment has a positive effect on market value.
H3b: Fixed asset investment has a positive effect on market value.

Dividend payout. The literature on corporate finance reveals divergent theories regarding
the impact of dividend policies on firm valuation and investor behavior. According to signal-
ing theory [58], investors utilize available information to make trading decisions, with execu-
tives typically possessing more information than external investors. This asymmetry of
information leads executives to use dividends as a signaling tool to convey positive expecta-
tions about the firm’s future profitability, thereby building investor trust and potentially boost-
ing stock prices [59]. The bird-in-hand theory, proposed by Lintner [60] and Gordon [61],
posits that investors value immediate dividends over future, uncertain returns from stock
price appreciation. This theory suggests that dividends are crucial as they provide direct and
tangible returns to shareholders, thereby enhancing firm value. However, the Modigliani and
Miller theorem [62] introduces a counterpoint to these perspectives by arguing that dividend
policy is irrelevant to stock prices in perfect markets. According to MM theory, the intrinsic
value of a firm is determined by its profitability and investment policies, not by how earnings
are distributed between dividends and retained earnings. This perspective implies that rational
investors are indifferent to the firm’s dividend policy, focusing instead on the firm’s overall
profitability and future growth potential. These contrasting theories highlight the complexity
of financial signaling and investor preferences, suggesting that the relevance and impact of div-
idend policies may vary depending on market conditions, firm-specific factors, and investor
sentiments.
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Past studies have extensively examined the impact of dividend policies on stock price
dynamics, revealing nuanced relationships between dividend metrics and stock market behav-
ior. A positive correlation between dividend yield and stock price changes has been observed,
while a negative association exists between the dividend payout ratio and stock price fluctua-
tions [63]. This finding is supported by the significant stock price increases that follow divi-
dend announcements [10]. Furthermore, dividend policy has been demonstrated to serve as a
reliable indicator of stock price volatility for industrial product firms in Malaysia [64]. Varia-
tions in dividend payments also influence stock trading values [65], with lower dividend yields
correlating with heightened shareholder risk [66]. Past studies have also identified negative
relationships between dividend payments, stock liquidity [67], and volatility [68]. Conversely,
the influence of dividend policies on market speculation reveals significant impacts on specu-
lative behaviors in the S&P 500 [69] and Gulf Cooperation Council firms [70]. Additionally,
higher dividend payouts have been associated with reduced stock price risk [71]. Lastly, abnor-
mal returns following dividend cutbacks suggest heightened market sensitivity to such
announcements, highlighting the complex interplay between dividend signaling and market
liquidity dynamics [72].

Considering these reasons, this study therefore hypothesizes that:

H4: Dividend payout ratio has a positive effect on market value.

Sustainable development and market value

Past research underscores the intricate relationship between sustainable development practices
and market value. It is common for companies on the ESG Index to have higher firm values
[73]. Strong ESG ratings are linked to better financial and market performance [74], which
shows how economic and social impacts are linked and how important ESG factors are [75].
In emerging economies, ESG practices correlate with financial ratios, highlighting the role of
sustainability in shaping market outcomes [76]. Additionally, strong ESG performance is asso-
ciated with reduced stock price volatility, suggesting its potential to mitigate risk [77]. ESG rat-
ings are crucial in determining stock prices, particularly for insurance firms [78].
Enhancements in ESG performance can increase a company’s market value, with financial per-
formance serving as a key mediating factor. Operational capacity also plays a significant role in
mediating the relationship between ESG performance and market value [79]. The mechanisms
through which environmental disclosure affects stock prices further underscore its importance
in improving market transparency and governance [80]. Furthermore, ESG performance
impacts investor confidence and management behavior [81]. A comprehensive evaluation of
ESG factors is also crucial for reducing firm risks, enhancing investor trust, and promoting
financial transparency and reliability [82].

Firms that adopt corporate sustainability practices have demonstrated superior stock mar-
ket performance, even amidst challenges such as the COVID-19 pandemic [83]. Reporting on
environmental sustainability positively impacts firm value, as increased responsibility and
transparency, along with improved stakeholder trust, contribute to enhanced firm value [84].
Companies that disclose more environmental goals are more likely to secure membership in
the Egyptian Sustainability Index and attain high sustainability rankings, which positively
affects capital market reactions [85]. Sustainable development is positively associated with
firms’ financial performance, particularly when measured by market capitalization [86]. Fur-
thermore, firms that integrate sustainability issues into their operations generally leverage
resources more effectively, resulting in stronger financial performance and greater shareholder
value creation compared to their peers [87]. Additionally, companies with consistent green
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Fig 1. Research conceptual framework.

https://doi.org/10.1371/journal.pone.0313299.9001

rankings for enhancing environmental performance exhibit significantly higher standardized
cumulative abnormal returns compared to those with decreased or unchanged environmental
performance. The environmental impact score, reflecting damage from operational activities,
is also a critical factor in improving firm value [88]. Better sustainability performers are likely
to positively influence firm profitability both in the immediate and subsequent periods [89].
Finally, firms that operate in alignment with ethical norms are valued by European investors,
though results also reveal variability among markets, including periods before and after the
global financial crisis [90].

Considering these reasons, this study therefore hypothesizes that:

Hb5: Sustainable development enhances the relevance of accounting information and financial
activities on market value.

Based on the literature review, this study developed a research conceptual framework,
depicted in Fig 1.

The research conceptual framework posits that sustainable development moderates the
relationship between various financial factors and market value. Specifically, it suggests that, in
the overall market, accounting information, asset investment, and dividend payout will have a
positive impact on market value, while debt financing will have a negative effect. However, the
strength of this relationship is changed by the sustainable development practices of the firm. It
is expected that companies with a stronger commitment to sustainability are likely to experi-
ence a more pronounced positive relationship between these financial factors and their market
value, including debt financing. Conversely, firms with lower levels of sustainable development
may exhibit a weaker or even negative relationship. Additionally, the framework accounts for
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the influence of control variables such as firm size, sales growth, liquidity, and profitability,
which may also affect market value.

Methodology

This study analyzes the impact of sustainable development on the relevance of accounting

information and financial activities. The research sample comprises companies listed on the
Stock Exchange of Thailand from 2021 to 2023, with fiscal years ending on December 31, and
without a trading suspension exceeding 90 days. The sample also excludes firms within the

financial sector and those that provide incomplete information. Multiple regression is
employed to test the hypotheses.

Table 1 presents the definitions of the variables utilized in this study. The research hypothe-
sis is tested through a model that uses market value per share (MVPSt, ;) as the dependent vari-
able, with accounting information and financial activities as independent variables. Indicators

of accounting information include earnings per share (EPS;;) and book value per share
(BVPS;;) [5], while financial activities encompass debt financing, asset investment, and divi-
dend payments. Short-term debt financing (SDEBT;,) and long-term debt financing (LDEBT;,)
serve as indicators of debt financing [43], while current asset investment (CUR;;) [52] and
fixed asset investment (FIXED;;) [55] represent asset investment. The dividend payout ratio
(DP;,) is employed to measure firm dividend payouts [63]. Control variables include firm size
(SIZE,), sales growth (SGj), liquidity (LIQ;), and profitability (EBIT};). Firm size is considered
a control variable because larger companies have greater access to resources, which enhances

performance, indicating a positive effect of firm size on firm value [91]. Sales growth is

Table 1. The variables definitions.

Symbols | Variables
Panel A: Dependent variable
MVPS; | Market value per share

+1
Panel B: Independent variables

EPS;, Earnings per share
BVPS;; | Book value per share

SDEBT;; | Short-term debt

financing
LDEBT;; | Long-term debt

financing
CUR;; Current asset

investment

FIXED;, | Fixed asset investment

DP;, Dividend payout ratio

Panel C: Moderator variable

SD;, Sustainable
development

Panel D: Control variables
SIZE;, Firm size
SG; Sales growth

LIQ; | Liquidity
EBIT;, | Profitability

Descriptions

Natural logarithm of the market value per share on the date of the annual
report publication.

Net income minus preferred dividends scaled by total common shares
outstanding.

Shareholder’s equity minus preferred equity scaled by total common shares
outstanding.

Short-term debt in year ¢ scaled by total assets in year t-1.
Long-term debt in year f scaled by total assets in year t-1.
Current assets in year  scaled by total assets in year t-1.

Fixed assets in year t scaled by total assets in year ¢-1.

Dividends per share scaled by earnings per share.

1 if the firm is in the SETESG Index and 0 otherwise.

Natural logarithm of total assets.

Sales in year ¢ minus sales in year ¢-1, scaled by the sales in year ¢-1 and
multiplied by 100.

Current asset scaled by current liabilities.

Earnings before interest and tax scaled by revenue and multiplied by 100.

https://doi.org/10.1371/journal.pone.0313299.t001
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included to account for the company’s ability to expand its revenue base, providing insights
for stakeholders, including investors and creditors, regarding future prospects; increases in
sales without proportional costs suggest effective operational management, potentially leading
to enhanced firm value [92]. Liquidity reflects the firm’s capacity to meet short-term obliga-
tions and has been shown to positively influence stock prices [93]. Lastly, profitability mea-
sures the firm’s efficiency in generating returns, which is critical for market valuation, with
variability in profitability being a significant factor in explaining changes in company value
[94]. Using these variables will ensure that the results reflect the relationship between the key
factors under study, leading to more accurate outcomes. Model 1 can be expressed as follows:

MVPS,

it+1

= py + P,EPS, + f,BVPS, + B;SDEBT, + B,LDEBT, + [};CUR, + f§,FIXED,
+ p,DP, + B SIZE, + p,SG, + B,,LIQ, + p,,EBIT, + Industry Dummies + €,

where, MVPS;;,; denotes the market value per share of firm i in year t+1, utilizing the natural
logarithm of market value per share on the date of the annual report publication. The indepen-
dent and control variables incorporated in the model are defined in detail in Table 1. Here, §,
signifies the intercept term, Industry Dummies is the industry dummy variable, while &;, repre-
sents the random error term.

Sustainable development assessments exhibit considerable variation across countries,
reflecting diverse approaches to evaluating corporate sustainability performance. For example,
inclusion in the Dow Jones Sustainability Indices (DJSI) signifies a firm’s exceptional efforts in
addressing ESG issues [95]. In Brazil, the Sao Paulo Stock Exchange introduced the Corporate
Sustainability Index and the Carbon Efficient Index to evaluate firms’ sustainable performance
[96]. Similarly, the Stock Exchange of Thailand established the Thailand Sustainability Invest-
ment (THSI) in 2015, later renamed SETESG in 2023. This index compiles stocks of firms
committed to sustainable practices aligned with ESG principles, providing investors with
opportunities to invest in firms demonstrating outstanding ESG performance and supporting
sustainable business practices from social and environmental perspectives. Consequently, this
research utilizes the inclusion in the SETESG index as an indicator of firms that adhere to sus-
tainable development guidelines and establishes sustainable development (SD;,) as a moderator
variable, which will interact with the relationship between the independent variables (account-
ing information, debt financing, asset investment, and dividend payout) and the dependent
variable (market value). The moderator variable modifies the strength or direction of the rela-
tionship between independent and dependent variables, investigating how the effects of
accounting information and financial activities on market value are contingent upon the pres-
ence or emphasis of sustainable development practices. Model 2 can be expressed as follows:

MVPS,

it+1

= B, + B,EPS, + B,BVPS, + B,SDEBT, + B,LDEBT, + B;CUR, + B FIXED,
+ B:DP, + B5(EPS, x SD,,) + B,(BVPS, x SD,,) + B,,(SDEBT,, x SD,,)
+ B (LDEBT, x SD,) + B,(CUR, x SD,,) + B3(FIXED, x SD,,)
+ B.,(DP, x SD,) + B\;SIZE, + B,;SG, + B,;LIQ, + B,sEBIT,
+ Industry Dummies + €,

where, MVPS;,,; denotes the market value per share of firm i in year t+1, utilizing the natural
logarithm of market value per share on the date of the annual report publication. SD;, repre-
sents sustainable development, using dummy variables, with a value of 1 if the firm is included
in the SETESG Index and 0 otherwise. The independent and control variables incorporated in
the model are defined in detail in Table 1. Here, f, signifies the intercept term, Industry Dum-
mies is the industry dummy variable, while &, represents the random error term.
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Table 2. Descriptive statistics.

Variables
MVPS,
EPS;,
BVPS;;
SDEBT;,
LDEBT;,
CUR;,
FIXED;
DP;,
SIZE;,
SGit
LIQ;
EBIT;,

https://doi.org/10.1371/journal.pone.0313299.t002

N
1401
1401
1401
1401
1401
1401
1401
1401
1401
1401
1401
1401

Minimum Maximum Mean SD.
-4.605 6.207 1.696 1.562
-41.110 39.310 0.947 3.118
-0.450 490.720 12.436 34.000
0.001 1.600 0.282 0.193
0.000 4.870 0.198 0.230
-0.544 2.499 0.467 0.276
0.020 8.080 0.622 0.383
0.000 14.430 0.306 0.653
5.411 15.057 8.978 1.596
-100.000 1793.990 22.389 101.164
-34.930 77.120 2.774 5.127
-9632.980 44706.280 58.561 1380.606

Results and discussion
Descriptive statistics

Table 2 provides descriptive statistics for the variables under examination. The mean market
value per share is 1.696, with a standard deviation of 1.562. Earnings per share exhibit a mean
value 0of 0.947 and a standard deviation of 3.118. The mean book value per share is 12.436,
accompanied by a standard deviation of 34.000. Short-term debt financing has a mean value of
0.282 and a standard deviation of 0.193, while long-term debt financing has a mean value of
0.198 and a standard deviation of 0.230. Current asset investment has a mean value of 0.467
with a standard deviation of 0.276, whereas fixed asset investment exhibits a mean value of
0.622 with a standard deviation of 0.383. The dividend payout ratio has a mean value of 0.306
and a standard deviation of 0.653. The firm size is characterised by a mean value of 8.978 and a
standard deviation of 1.596. Sales growth has a mean value of 22.389 and a standard deviation
of 101.164. Liquidity has a mean value of 2.774, accompanied by a standard deviation of 5.127,
while profitability exhibits a mean value of 58.561 and a standard deviation of 1380.606.

Regression analysis

The Pearson correlation matrix and variance inflation factor (VIF) results for the variables are
shown in Table 3. These show several significant relationships that need to be looked at in
more detail. For instance, the robust positive correlation of 0.473 between earnings per share
and book value per share suggests that higher earnings are associated with increased asset valu-
ations, reflecting a potential alignment between a firm’s profitability and intrinsic value. Addi-
tionally, the positive correlation between fixed asset investment and long-term debt financing,
recorded at 0.737, indicates that firms with substantial investments in fixed assets often rely
heavily on long-term financing to facilitate capital expenditures. The current asset investment
also exhibits a significant positive correlation of 0.433 with short-term debt financing, imply-
ing that firms with stronger current asset investment positions may strategically utilize more
short-term debt to optimize their investment. Moreover, the positive correlation of 0.221
between firm size and fixed asset investment suggests that larger firms tend to engage in sub-
stantial capital investments. Sales growth, with a positive correlation of 0.290 with long-term
debt financing, indicates that growing firms may increasingly rely on long-term financing to
support expansion efforts. Lastly, liquidity demonstrates a negative correlation of -0.313 with
short-term debt financing, suggesting that firms with higher liquidity levels tend to maintain
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Table 3. Pearson correlations matrix and variance inflation factor.

Variables

MVPS,,,
EPS,
BVPS,
SDEBT;,
LDEBT,
CUR;
FIXED,,
DP;,
SIZE;
SGie
LIQy
EBIT,,

Note

MVPS,,,

1
0.406™*
0.470**
-0.138**
0.088**

0.027
071%
0.103**
0.342**
0.035
0.008
0.082**

EPS;,

0.473**
-0.049
0.008
0.034
0.040
0.021

0.223**
-0.037
0.010
0.042

BVPS;,

1
-0.095**
0.022
-0.087**
0.049
-0.001
0.197**
0.006
0.008
0.001

SDEBT;, | LDEBT, | CUR; | FIXED, | DP, SIZE;, SG;y LIQ; | EBIT, | VIF
1.376

1.326

1 1.625
0.047 1 2.924
0.433** | -0.204** 1 1.952
-0.007 0.737* | -0.425** 1 3.029
-0.094%* | -0.079** 0.024 | -0.085%* 1 1.026
0.052 0423 | -0.191%* | 0.221** | 0.024 1 1.503
0.049 0.290** 20012 | 0299** | -0.065* | -0.002 1 1.145
-0.313%% | -0.181%% | 0.140%* | -0.148%* | 0052 | -0.212** | -0.039 1 1.389
-0.045 -0.026 -0.046 0.025 0.042 054* | -0.045 | 0.260%* 1 1.110

**Correlation is significant at the 0.01 level (two-tailed)

*Correlation is significant at the 0.05 level (two-tailed)

https://doi.org/10.1371/journal.pone.0313299.t003

lower short-term debt obligations, favoring internal financing mechanisms. Overall, the Pear-
son correlation matrix and VIF results don’t show any problems with multicollinearity
between the variables. This is because all significant Pearson correlations stay below 0.80 [97],
and VIF values are less than 10 [98]. This thorough assessment of multicollinearity, achieved
by excluding multicollinear explanatory variables, strengthens the reliability of the multiple
linear regression model [99]. Consequently, these findings support the validity of subsequent
analyses involving these variables.

The regression analysis presented in Table 4 reveals that earnings per share has a significant
positive effect on market value per share (p < 0.001) with an adjusted R-squared value of
23.70%. This result is supported by the premise that higher earnings signal strong financial
performance and profitability, thereby attracting investor interest. Furthermore, results find
that book value per share has a positive effect on market value per share (p < 0.001) with an
adjusted R-squared value of 29.10%, underscoring its importance in asset valuation as it
reflects the underlying worth of a company’s assets relative to its equity, providing a basis for
assessing worth. These results are consistent with studies conducted in Egypt, which found
that earnings and book values hold substantial explanatory power for stock prices [4]. Simi-
larly, studies in ASEAN banks [29] and Nigeria [23], which found that earnings per share and
net book value per share positively influence share prices, suggest that earnings per share and
book value per share significantly contribute to explaining the positive market value, implying
that strong profitability drives higher market values.

Short-term debt financing has a negative impact on market value per share (p < 0.001),
with an adjusted R-squared value of 14.40%, implying that investors have concerns about
increasing short-term debt financing will lead to increased future financial risk and potential
cash flow issues. Furthermore, long-term debt financing has a significantly negative effect on
market value per share (p < 0.01), with an adjusted R-squared value of 12.90%. Although the
long-term debt financing effect is less pronounced than that of short-term debt financing, it
reflects concerns about long-term financial obligations that may affect future profitability too.
These results align with the past studies indicating that debt ratios, including trade credit,
short-term debt, and long-term debt, have a negative effect on firm performance [32], increase
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Table 4. Predictive power of individual components.

Variables

EPS;
BVPS;
SDEBT;,
LDEBT;,
CUR,
FIXED;,
DP;,
SIZE;
SGi
LIQ;
EBIT;,

Industry
Obs.
adj. R?

MVPS,.,

0.345%**
(14.364)

0.274%*
(11.107)

0.053*
(2.245)

0.054*
(2.175)

0.041
(1.690)

Yes
1401
23.70%

MVPS,,, MVPS,,, MVPS,., MVPS,,, MVPS,,; MVPS,,,
0.417%**
(18.117)
-0.149***
(-5.706)
-0.081**
(-2.772)
0.092%**
(3.609)
-0.012
(-0.431)
0.093%***
(3.709)
0.267%** 0.352%%* 0.388*** 0.370*** 0.357%%* 0.352%*%*
(11.267) (13.817) (13.702) (14.238) (13.582) (13.718)
0.038 0.046 0.064* 0.042 0.044 0.047
(1.677) (1.875) (2.431) (1.676) (1.683) (1.864)
0.048* 0.024 0.067* 0.062* 0.072** 0.068**
(2.012) (0.881) (2.498) (2.308) (2.676) (2.576)
0.056* 0.052* 0.045 0.052* 0.046 0.044
(2.395) (2.020) (1.714) (2.007) (1.778) (1.678)
Yes Yes Yes Yes Yes Yes
1401 1401 1401 1401 1401 1401
29.10% 14.40% 12.90% 13.20% 12.40% 13.30%

Note: The t-statistics are calculated and reported in parentheses

b < 0.001
**p <0.01,and
* p < 0.05, respectively.

https://doi.org/10.1371/journal.pone.0313299.t004

systematic risk [37], and adversely affect shareholder value and firm investment [38]. The
adjusted R-squared value shows that, while debt financing metrics have a statistically signifi-
cant negative effect on market value, they explain a smaller portion of the variability of market
value compared to earnings per share and book value per share. This might be because debt
financing is complicated by outside factors like interest rates, and market conditions also
impact firm market value, making debt financing less powerful for explaining the market
value.

The current asset investment has a positive effect on market value per share (p < 0.001),
with an adjusted R-squared of 13.20%, indicating that investors value firms with sufficient cur-
rent assets, as they reflect firm ability to meet short-term obligations and manage operational
needs effectively. The positive impact implies that well-managed current assets can improve
investor confidence, thereby increasing the overall market value of the firm. In contrast, fixed
asset investment has a negligible negative effect on market value per share, which is not statisti-
cally significant (p > 0.05), with an adjusted R-squared of 12.40%, indicating that investors
prioritize cash flows over fixed assets in their valuation processes. The results align with past
studies that found growth in short-term assets better predicts stock returns one year ahead
than long-term assets [52]. However, these results contrast with earlier research indicating that
fixed asset growth positively affects the sustainable growth rate, which in turn strengthens the
impact of fixed asset growth on firm value [54]. The adjusted R-squared values indicate their
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effect on explaining market value. While these values suggest that both types of investment
have impacts, other elements not captured in the model may also significantly influence mar-
ket valuation. This could indicate that asset investment does not always correlate with market
perceptions of value, possibly due to other factors such as asset depreciation or market
volatility.

The dividend payout ratio has a significantly positive effect on market value (p < 0.001),
with an adjusted R-squared of 13.30%, indicating that dividend payments are valued by inves-
tors as a signal of financial health and shareholder returns. The result aligns with the bird-in-
hand theory, which posits that dividends are crucial because they provide direct and tangible
returns to shareholders, thereby enhancing firm value, and is consistent with past studies indi-
cating a positive correlation between dividend yield and stock price changes [63], as well as
findings that stock prices tend to increase following dividend announcements [10]. Although a
higher adjusted R-squared value would suggest a stronger relationship, the 13.30% figure indi-
cates that other factors play a significant role in determining market value too. This impact
may be attributed to investor preferences for dividends as signals of firm financial health and
profitability. However, it also suggests that overall market value is influenced by a range of fac-
tors beyond just dividend distributions. Overall, the adjusted R-squared values in this analysis
illustrate the varying degrees to which different financial metrics describe market value per
share, underscoring the importance of carefully selecting variables that truly reflect the com-
plexities of market dynamics.

In terms of control variables, firm size consistently has a positive effect on market value per
share across models (p < 0.001), indicating that larger firms will achieve higher market valua-
tions from investors, likely due to their competitive advantages and firm stability. Also, both
sales growth and firm liquidity have positive effects. Sales growth has mixed significance, but
liquidity has a positive effect on several models. This suggests that the ability to grow sales and
manage liquidity well is important for keeping investors’ confidence. Furthermore, profitabil-
ity demonstrates a positive effect but a less pronounced impact, indicating that while profit-
ability is an essential indicator of firm financial performance, its influence is often
overshadowed by clearer metrics like earnings per share or dividend payouts. Overall, while
several factors contribute to market value, earnings per share and book value per share emerge
as the most influential indicators.

Table 5 illustrates the relevance of accounting information and financial activity metrics.
The results indicate that the relevance of earnings per share and book value per share positively
affects market value per share (p < 0.001), with an adjusted R-squared of 32.00%. Additionally,
the analysis of the relevance of accounting information and short-term debt financing finds
that both earnings per share and book value per share have a positive effect on market value
per share (p < 0.001), while short-term debt financing has negative effects (p < 0.001), with an
adjusted R-squared of 33.00%. Similarly, the analysis of the relevance of accounting informa-
tion and long-term debt financing finds that accounting information positively affects market
value per share (p < 0.001), whereas long-term debt financing does not exhibit statistical sig-
nificance (p > 0.05), with an adjusted R-squared of 32.00%. Moreover, the analysis of the rele-
vance of accounting information and current asset investment reveals that accounting
information positively affects market value per share (p < 0.001), and current asset investment
also has a positive effect at the same level of significance, with an adjusted R-squared of
32.80%. Furthermore, the result of the relevance of accounting information and fixed asset
investment suggests that accounting information positively influences market value per share
(p < 0.001), while fixed asset investment does not demonstrate statistical significance
(p > 0.05), with an adjusted R-squared of 31.90%. Finally, the analysis of the relevance of
accounting information and dividend payout ratio demonstrates that accounting information
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Table 5. The value relevance of accounting information and financial activity metrics.

Variables
EPS;;

BVPS;
SDEBT;,
LDEBT;,
CUR,
FIXED;,
DP;,
SIZE;
SGiy
LIQ;
EBIT;,

Industry
Obs.
adj. R?

MVPS,,,

0.196***
(7.749)

0.329***
(13.067)

0.239***
(10.200)

0.045*
(2.041)

0.043
(1.817)

0.051*
(2.234)

Yes
1401
32.00%

MVPS,,, MVPS,,, MVPS,,, MVPS, MVPS,,,
0.196*** 0.194*** 0.184*** 0.197*** 0.195***
(7.791) (7.656) (7.251) (7.749) (7.731)
0.319%** 0.328%** 0.341%*%* 0.329%** 0.331%*%*
(12.727) (13.012) (13.531) (13.071) (13.202)
-0.108™**
(-4.664)
-0.035
(-1.370)
0.098***
(4.342)
-0.017
(-0.704)
0.093%***
(4.234)
0.239%** 0.255%*%* 0.256™** 0.243*** 0.236™**
(10.277) (9.810) (10.829) (10.143) (10.130)
0.049* 0.055* 0.046* 0.050* 0.051*
(2.244) (2.371) (2.078) (2.158) (2.308)
0.008 0.040 0.031 0.041 0.038
(0.327) (1.701) (1.302) (1.728) (1.628)
0.056* 0.051* 0.059* 0.052* 0.049*
(2.440) (2.211) (2.562) (2.271) (2.152)
Yes Yes Yes Yes Yes
1401 1401 1401 1401 1401
33.00% 32.00% 32.80% 31.90% 32.80%

Note: The t-statistics are calculated and reported in parentheses

b < 0.001
**p <0.01,and
* p < 0.05, respectively.

https://doi.org/10.1371/journal.pone.0313299.t005

positively affects market value per share (p < 0.001), and the dividend payout ratio also has a
positive effect at the same level of significance, with an adjusted R-squared of 32.80%. The
adjusted R-squared values for each model in this table indicate how well each model explains
the relevance of accounting information and financial activity metrics on market value. The
model includes short-term debt financing, which has the highest adjusted R-squared value
(33%). This means that accounting information and short-term debt financing together
explain a larger part of the variation in market value. Furthermore, the model for current asset
investments follows closely, with an adjusted R-squared value of 32.80%, indicating that cur-
rent asset investments positively contribute to market value when combined with accounting
information. The models incorporating only accounting information metrics, as well as mod-
els including long-term debt financing and the dividend payout ratio, show similar explana-
tory power, with adjusted R-squared values ranging from 32.00% to 32.80%, indicating
moderate relevance. Lastly, the adjusted R-squared value for fixed asset investment is the low-
est, at 31.90%, possibly because investors rarely place significant importance on firm fixed
assets. Therefore, these research results indicate that the value relevance of accounting infor-
mation and short-term debt financing demonstrates the greatest explanatory power on market
value, whereas fixed asset investment has the least explanatory power.

The analysis in Table 6 provides the value relevance of accounting information and finan-
cial activities and the moderating effect of sustainable development. The results indicate that,
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Table 6. The value relevance of accounting information and financial activities, and the moderating effect of sus-
tainable development.

Variables MVPS,.; MVPS,..,
EPS; 0.153*** 0.195***
(6.167) (6.961)
BVPS;, 0.334%** 0.397***
(13.691) (14.678)
SDEBT;, -0.234%%* -0.236***
(-8.661) (-8.624)
LDEBT; -0.119%** -0.106**
(-3.278) (-2.810)
CUR; 0.265%** 0.279%**
(8.964) (9.245)
FIXED; 0.163*** 0.144**
(4.416) (3.861)
DP; 0.073*** 0.056*
(3.386) (2.475)
EPS;, x SD; -0.071*
(-2.009)
BVPS;, x SD;, -0.117%%*
(-3.313)
SDEBT;, x SD;, 0.148**
(2.883)
LDEBT;, x SD; -0.057
(-1.023)
CUR;, x SD;, -0.052
(-1.195)
FIXED; x SD;, 0.175%*
(2.773)
DP;, x SD;, -0.002
(-0.087)
SIZE;, 0.301*** 0.238***
(11.590) (8.157)
SGy 0.045* 0.045*
(1.997) (2.032)
LIQ; -0.059* -0.058*
(-2.383) (-2.372)
EBIT;, 0.068* 0.060*
(3.045) (2.652)
Industry Yes Yes
Obs. 1401 1401
adj. R? 37.20% 40.60%

Note: The t-statistics are calculated and reported in parentheses
% 5 <0001

**p <0.01, and

* p < 0.05, respectively.

https://doi.org/10.1371/journal.pone.0313299.t006

in the overall market, earnings per share and book value per share significantly positively influ-
ence market value (p < 0.001), indicating that rising profits align with increased market value
and highlighting the positive impact of financial performance indicators on market valuation,
aligning with the past study [5], which found that earnings and book value have a statistically
significant relationship with firm value. Conversely, debt financing significantly negatively
affects market value (p < 0.001) due to heightened financial risk and reduced flexibility;
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elevated debt levels result in higher interest payments, which can erode profits and amplify
financial vulnerability, consistent with the past study [44], which found that both short- and
long-term debt financing adversely impact firm profitability due to potential agency issues fos-
tering high-debt policies, ultimately hampering performance. Furthermore, asset investment
has a significantly positive effect on market value (p < 0.001) by signaling confidence in future
growth and operation performance, leading to increased market valuation through improved
earnings and cash flows, consistent with the past study [52], which indicates that asset growth
has a significant ability to anticipate stock returns. Also, the dividend payout ratio has a signifi-
cantly positive effect on market value (p < 0.001), which indicates excellent financial health
and profit stability. Firms that distribute dividends demonstrate a commitment to returning
value to investors, leading to enhanced firm reputation and investor perception, consistent
with the past study [63], which found a positive correlation between dividend yield and stock
price changes. These results suggest that investors view these metrics as reliable indicators of
financial health, reflecting strong explanatory power to market value with an adjusted R-
squared of 37.20%.

In the context of firms following sustainable development guidelines, earnings per share
and book value per share have significantly negative effects on market value (p < 0.05 and
p < 0.001, respectively), which indicates that investors perceive sustainability as a cost rather
than a benefit. High earnings per share and book value per share as only temporary gains over-
shadowed by the perceived financial burdens of sustainability efforts suggest that even strong
earnings per share and book value per share figures do not fully offset the concern of substan-
tial capital investments for sustainability initiatives. This belief leads to concerns that such
firms may face future earnings challenges, particularly if sustainability initiatives fail to yield
financial returns commensurate when compared with the investment capital the firm has
invested, leading to the current market valuation being lower. Conversely, short-term debt
financing has a significantly positive effect on market value (p < 0.01), suggesting that while
sustainability initiatives incur upfront costs, short-term debt can provide a flexible and effi-
cient way to fund these investments without diluting equity or incurring long-term debt obli-
gations, helping maintain a strong financial position and reduce future financial distress.
However, long-term debt financing shows a non-significant negative effect on market value
(p > 0.05), indicating that sustainability initiatives often require substantial upfront capital
expenditures, which may take time to generate returns. When coupled with long-term debt,
this creates a dual financial burden on the firm: ongoing interest payments on the debt and the
investment cost for sustainability projects. However, the impact of long-term debt financing
on investors may be less pronounced when compared to other factors, such as broader eco-
nomic conditions and prevailing industry trends, which alleviate concerns about long-term
debt. Current asset investment has an insignificantly negative effect on market value
(p > 0.05), suggesting that current asset investments, when allocated to sustainability initia-
tives, tend to tie up capital without generating immediate returns. Investors are concerned that
the firm is diverting essential resources away from more profitable ventures, thereby reducing
profitability. This perspective can lead investors to undervalue the stock. However, investment
in current assets may not clearly reflect operating performance when compared to other indi-
cators, such as earnings per share and book value per share, and thus have an insignificant
impact on market value. Fixed asset investments have a significant positive effect on market
value (p < 0.01), indicating that while the upfront costs may raise concerns about short-term
profitability, these investments typically lead to enhanced operational efficiencies, reduced
energy costs, and lower regulatory risks. Over time, firms that integrate sustainability into
their fixed assets, such as renewable energy systems or energy-efficient facilities, experience
improved cash flow and competitive positioning; in the worst-case scenario, if sustainability
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investments fail, fixed assets, such as critical infrastructure, can still be leveraged to improve
operational efficiency. This long-term perspective gradually shifts investor confidence,
enhancing the market valuation. Finally, the dividend payout ratio has an insignificantly nega-
tive effect on market value (p > 0.05), indicating that a high dividend payout diverts capital
away from sustainable development initiatives. Consequently, firms need to allocate additional
capital to these initiatives, which worsens the existing financial constraints. However, various
factors, such as the broader economic and industry context, may also influence the overall
impact on market value, resulting in an insignificant impact.

These results are consistent with the efficient market theory [18], which posits that stock
markets respond quickly to news, reflecting investor concerns about economic impacts. Con-
cerns regarding investments in sustainability projects may impose a significant financial bur-
den on the company. Firm value will decrease if these initiatives fail to generate profitable
returns [16]. This research results challenge the notion that sustainable development is posi-
tively associated with financial performance, particularly when measured by market capitaliza-
tion [86]. Although past research has found that firms integrating sustainability into their
operations generally leverage resources more effectively, resulting in stronger financial perfor-
mance and greater shareholder value creation [87], this study findings suggest otherwise.
When weighing the potential benefits—such as an enhanced corporate image—against the
substantial capital expenditures required, investors might perceive such investments as unjus-
tifiable. Consequently, even if a company demonstrates positive current performance, inves-
tors may respond negatively to the financial information presented. In model 2, the adjusted
R-squared of 40.60% indicates that the value relevance of accounting information and financial
activities of firms adhering to sustainable development guidelines has a significant influence
on market value because of the concern of substantial upfront costs typically incur when
implementing sustainable investment, which investors perceive as detrimental to future profit-
ability and cash flow. Such cautious perceptions lead to a more negative investor response to
sustainability disclosures, overshadowing other financial metrics, resulting in a disproportion-
ately negative impact on the market valuation of these firms.

Conclusion

In the overall market, earnings per share and book value per share are critical market value
drivers, with consistent earnings growth enhancing firm value. However, debt financing
undermines firm profitability due to increased financial risk and interest obligations, resulting
in a decrease in market value. Asset investments are signs of firm growth, enhancing market
valuation through improved operational efficiency and innovation, while dividend payouts
bolster market value by indicating financial health and commitment to returning value to
shareholders. However, in the context of firms adhering to sustainable development guide-
lines, they encounter more complex dynamics. While they report high earnings per share and
book value per share, these financial metrics cannot alleviate investor skepticism regarding
sustainability as a cost of the firm. The substantial investments for sustainability initiatives
continue to raise concerns about future firm profitability, leading to a negative impact on mar-
ket value. Furthermore, short-term debt financing offers a favorable avenue for funding these
initiatives, while the implications of long-term debt financing and current asset investments
remain ambiguous. Furthermore, the significant positive effect of fixed asset investment
underscores the potential long-term benefits of sustainability, despite high initial costs. Lastly,
the non-significant negative impact of dividend payouts on market value suggests that the
overall effect may also depend on various factors. Based on these findings, this study recom-
mends that policymakers should carefully design regulations and incentives to support
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sustainable investments. Governments may consider establishing specific funds to support sus-
tainability projects, providing tax incentives, grants, or low-interest financing options to allevi-
ate financial burdens on firms investing in sustainable practices. Additionally, it is crucial to
encourage transparency and consistent reporting on the long-term financial benefits of sus-
tainability through an annual sustainability report that more details their sustainability initia-
tives, objectives, and progress. This report should include measurable outcomes, such as
reductions in carbon emissions, energy savings, and improvements in operational efficiency,
and it must be able to indicate a trend toward increased financial performance. This approach
could help reduce investor skepticism and foster a more positive market response. Further-
more, firms should recognize that sustainability initiatives need to be balanced with financial
performance to maintain investor confidence. It is essential for companies to effectively com-
municate the potential long-term benefits of these investments, demonstrating how sustain-
able practices contribute to operational efficiency, cost savings, and risk mitigation. Moreover,
adopting short-term financing options may help firms manage immediate costs without
compromising their financial stability. Strategic investments in fixed assets that align with sus-
tainability goals should be prioritized, as these are more likely to yield positive market
responses in the long run. Ultimately, the findings challenge the traditional view that sustain-
able development is always positively correlated with financial performance. Policymakers and
firms must recognize the nuanced relationship between sustainability efforts and market valu-
ation to develop strategies that effectively address investor concerns.

Future research should explore several avenues, such as longitudinal studies, which could
provide insights into the evolving nature of sustainability initiatives and their impact on finan-
cial performance over time. Looking into how firm-specific factors, industry dynamics, and
outside factors like regulatory frameworks and market sentiment affect the relationship
between sustainability and financial performance could help us understand it better. Compara-
tive studies of different regions or industries could also show differences in how well sustain-
ability strategies work and what that means for the usefulness of accounting information and
financial activities in various situations. Lastly, exploring the sentiment of diverse stakeholders,
including investors, regulators, and consumers, toward sustainable development initiatives
could offer valuable insights for firms aiming to align their strategies with stakeholder expecta-
tions and market demands.

Author Contributions
Conceptualization: Mongkhol Moolkham.
Data curation: Mongkhol Moolkham.
Formal analysis: Mongkhol Moolkham.
Funding acquisition: Mongkhol Moolkham.
Investigation: Mongkhol Moolkham.
Methodology: Mongkhol Moolkham.
Project administration: Mongkhol Moolkham.
Resources: Mongkhol Moolkham.

Software: Mongkhol Moolkham.
Supervision: Mongkhol Moolkham.
Validation: Mongkhol Moolkham.

PLOS ONE | https://doi.org/10.1371/journal.pone.0313299 November 25, 2024 19/23


https://doi.org/10.1371/journal.pone.0313299

PLOS ONE

Impact of sustainable development on the relevance of accounting information and financial activities

Visualization: Mongkhol Moolkham.

Writing - original draft: Mongkhol Moolkham.

Writing - review & editing: Mongkhol Moolkham.

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Ohlson JA. Earnings, Book Values, and Dividends in Equity Valuation*. Contemporary Accounting
Research. 1995; 11(2):661-87.

Dimitropoulos PE, Asteriou D. Accounting relevance and speculative intensity: empirical evidence from
Greece. Journal of Applied Accounting Research. 2010; 11(3):195-212.

Shamki D. The Influence of Economic Factors on the Value Relevance of Accounting Information in Jor-
dan. International Journal of Business and Management. 2013;8.

Mostafa W. The value relevance of earnings, cash flows and book values in Egypt. Management
Research Review. 2016; 39(12):1752—78.

Ahmadi A, Bouri A. The accounting value relevance of earnings and book value: Tunisian banks and
financial institutions. International Journal of Law and Management. 2018; 60(2):342-54.

Cupi¢ M, Todorovi¢ M, Benkovié¢ S. Value relevance of accounting earnings and cash flows in a transi-
tion economy: the case of Serbia. Journal of Accounting in Emerging Economies. 2023; 13(3):541-65.

Abdollahi A, Rezaei Pitenoei Y, Safari Gerayli M. Auditor’s report, auditor’s size and value relevance of
accounting information. Journal of Applied Accounting Research. 2020; 21(4):721-39.

Yazdanfar D, Ohman P. Debt financing and firm performance: an empirical study based on Swedish
data. The Journal of Risk Finance. 2015; 16(1):102—18.

Maggina A, Tsaklanganos A. Asset growth and firm performance evidence from Greece. The Interna-
tional Journal of Business and Finance Research. 2012; 6(2):113-24.

Suwanna T. Impacts of Dividend Announcement on Stock Return. Procedia—Social and Behavioral
Sciences. 2012; 40:721-5.

Almujamed HlI, Alfraih MM. Value relevance of earnings and book values in the Qatari Stock Exchange.
EuroMed Journal of Business. 2019; 14(1):62-75.

Signori S, San-Jose L, Retolaza JL, Rusconi G. Stakeholder Value Creation: Comparing ESG and
Value Added in European Companies. Sustainability. 2021; 13(3).

Maignan I. Consumers’ Perceptions of Corporate Social Responsibilities: A Cross-Cultural Comparison.
Journal of Business Ethics. 2001; 30(1):57-72.

Godfrey PC, Merrill CB, Hansen JM. The relationship between corporate social responsibility and
shareholder value: an empirical test of the risk management hypothesis. Strategic Management Jour-
nal. 2009; 30(4):425—45.

Yu M, Zhao R. Sustainability and firm valuation: an international investigation. International Journal of
Accounting and Information Management. 2015; 23(3):289-307.

Barnea A, Rubin A. Corporate Social Responsibility as a Conflict Between Shareholders. Journal of
Business Ethics. 2010; 97(1):71-86.

Du C, Song L, Wu J. Bank accounting disclosure, information content in stock prices, and stock crash
risk. Pacific Accounting Review. 2016; 28(3):260-78.

Fama EF. Efficient Capital Markets: A Review of Theory and Empirical Work. The Journal of Finance.
1970; 25(2):383—-417.

Badu B, Appiah KO. Value relevance of accounting information: an emerging country perspective. Jour-
nal of Accounting & Organizational Change. 2018; 14(4):473-91.

Abdelrahim Ahmad Khader O, Shareif Hussein Shanak H. The value relevance of accounting informa-
tion: empirical evidence from Jordan. International Journal of Law and Management. 2023; 65(4):354—
67.

El-Diftar D, Elkalla T. The value relevance of accounting information in the MENA region. Journal of
Financial Reporting and Accounting. 2019; 17(3):519-36.

Mohammad Jadallah O, Salim Haddad F, Hussein Al Tarawneh A. The Value Relevance of Accounting
and Financial Information in Stock Returns: The Case of Jordanian Commercial Banks. Jordan Journal
of Business Administration. 2023; 19(4).

Mutalib YO, Shagari SL, Saidu S. Value-Relevance of Accounting Information and Share Prices of
Listed Non-Financial Firms in Nigeria: A Moderating Role of Economic Growth. International Journal of
Management Science and Business Analysis Research. 2024; 7(3):159-69.

PLOS ONE | https://doi.org/10.1371/journal.pone.0313299 November 25, 2024 20/23


https://doi.org/10.1371/journal.pone.0313299

PLOS ONE

Impact of sustainable development on the relevance of accounting information and financial activities

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

Adeyemi TO. Covid-19 Pandemic and Value Relevance of Accounting Information of Listed Deposit
Money Banks in Nigeria. Lapai Journal of Management Science. 2023; 12(1&2):167-76.

Rao KV, Ibrahim F, Phutela N. The relevance of accounting information in the era of Ind AS: Evidence
from a Nifty Energy Index. Investment Management and Financial Innovations. 2022; 19(2):201-10.

Nguyen HA, Dang TTG. Accounting reform and value relevance of financial reporting from non-financial
listed firms on the Vietnam stock market. Cogent Business & Management. 2023; 10(2):2220193.

Lam KCK, Sami H, Zhou H. Changes in the value relevance of accounting information over time: Evi-
dence from the emerging market of China. Journal of Contemporary Accounting & Economics. 2013; 9
(2):123-35.

Ali Janjua |, Aksar M, Zafar S. Accounting Information and Value Relevance Nexus: Evidence from
Pakistan. Journal of Development and Social Sciences. 2022; 3(4):574-88.

Khomidah TN, Setiawan D. Value Relevance of Accounting Information: Evidence from Banking Indus-
try in ASEAN. AKRUAL: Jurnal Akuntansi. 2022; 14(1):122-31.

Aboubakar M, Javaria A. Value Relevance of Financial Information in Malaysian Listed Firms: Real
Earnings Management’s Perspective. Journal of Accounting and Finance in Emerging Economies.
2022; 8(1).

Arunrungsirilert T, Sangiumvibool-Howell P, Kitticharoenrerk P. Value Relevance of Accounting Profit:
An Extended Analysis in Thailand. Thammasat Review. 2022; 25(2):175-96.

LouJ, Li R, Zhang T, Zhang Y. Stock price crash risk and cost of debt. Finance Research Letters. 2023;
58:104597.

Arhinful R, Radmehr M. The effect of financial leverage on financial performance: evidence from non-
financial institutions listed on the Tokyo stock market. Journal of Capital Markets Studies. 2023; 7
(1):53-71.

Priyan PK, Nyabakora WI, Rwezimula G. Firm’s capital structure decisions, asset structure, and firm’s
performance: application of the generalized method of moments approach. PSU Research Review.
2023;ahead-of-print(ahead-of-print).

Dinh H, Pham C. The Effect of Capital Structure on Financial Performance of Viethamese Listing Phar-
maceutical Enterprises. The Journal of Asian Finance, Economics and Business. 2020; 7:329-40.

Oranefo P, Egbunike C. Debt Financing and Firm Valuation of Quoted Non-Financial Firms in Nigeria
Stock Exchange. International Journal of Financial, Accounting, and Management. 2022; 4(2):199-218.

Khasawneh AY, Dasougi QA. Sales nationality and debt financing impact on firm’s performance and
risk. EuroMed Journal of Business. 2017; 12(1):103-26.

Vo XV, Ellis C. An empirical investigation of capital structure and firm value in Vietnam. Finance
Research Letters. 2017; 22:90—4.

Shikumo DH, Oluoch O, Wepukhulu JM. Effect of Short-Term Debt on Financial Growth of Non-Finan-
cial Firms Listed at Nairobi Securities Exchange. Research Journal of Finance and Accounting. 2020;
11(20):133-44.

Cheng F, Chiao C, Fang Z, Wang C, Yao S. Raising short-term debt for long-term investment and stock
price crash risk: Evidence from China. Finance Research Letters. 2020; 33:101200.

Choe YS. The substitution effects of short-term debt for long-term debt on the expected returns of com-
mon stocks. Asia Pacific Journal of Management. 1994; 11(2):187-203.

Apergis N, Sorros J. Long-Term Debt and the Value of the Firm: Evidence from International Listed
Manufacturing Firms. Review of Economics & Finance. 2011; 1:60-72.

Ahmad SM, Bakar R, Islam M. The effect of debt financing on firm value: A panel data approach.
Albukhary Social Business Journal. 2020; 1(2):33—45.

Nazir A, Azam M, Khalid MU. Debt financing and firm performance: empirical evidence from the Paki-
stan Stock Exchange. Asian Journal of Accounting Research. 2021; 6(3):324-34.

Ehie IC, Olibe K. The effect of R&D investment on firm value: An examination of US manufacturing and
service industries. International Journal of Production Economics. 2010; 128(1):127-35.

Kim WS, Park K, Lee SH, Kim H. R&D Investments and Firm Value: Evidence from China. Sustainabil-
ity. 2018; 10(11).

Dogru T, Sirakaya-Turk E. Investment and Firm Value: Is There an Optimal Investment Level in Hotel
Firms? The Journal of Hospitality Financial Management. 2017; 25(1):17-26.

Mousa M, Nosratabadi S, Sagi J, Mosavi A. The Effect of Marketing Investment on Firm Value and Sys-
tematic Risk. Journal of Open Innovation: Technology, Market, and Complexity. 2021; 7(1):64.

Belo F, Lin X, Vitorino MA. Brand capital and firm value. Review of Economic Dynamics. 2014; 17
(1):150-69.

PLOS ONE | https://doi.org/10.1371/journal.pone.0313299 November 25, 2024 21/23


https://doi.org/10.1371/journal.pone.0313299

PLOS ONE

Impact of sustainable development on the relevance of accounting information and financial activities

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Salehi M, Zimon G, Arianpoor A, Gholezoo FE. The Impact of Investment Efficiency on Firm Value and
Moderating Role of Institutional Ownership and Board Independence. Journal of Risk and Financial
Management. 2022; 15(4).

Ocak M, Findik D. The Impact of Intangible Assets and Sub-Components of Intangible Assets on Sus-
tainable Growth and Firm Value: Evidence from Turkish Listed Firms. Sustainability. 2019; 11(19).

Chue TK, Xu JK. Profitability, asset investment, and aggregate stock returns. Journal of Banking &
Finance. 2022; 143:106597.

Parijan KK, Saber H. Effect of human asset to fixed, current, total assets on firm value: a study on
selected companies in India. Asian Journal of Research in Banking and Finance. 2014; 4(7):146-52.

Listiani N, Supramono S. Sustainable growth rate: Between fixed asset growth and firm value. Manage-
ment and Economics Review. 2020; 5(1):147-59.

Olatunji TE, Adegbite TA. Investment in fixed assets and firm profitability: Empirical evidence from the
Nigerian banking sector. Asian Journal of Social Sciences and Management Studies. 2014; 1(3):78-82.

Saleh M. Impacts of tangible and intangible asset investment on value of manufacturing companies
listed on the Indonesia stock exchange. Archives of Business Research. 2018; 6(10).

Petrovic N, Manson S, Coakley J. Changes in Non-current Assets and in Property, Plant and Equipment
and Future Stock Returns: The UK Evidence. Journal of Business Finance & Accounting. 2016; 43(9—
10):1142-96.

Spence M. Job Market Signaling. The Quarterly Journal of Economics. 1973; 87(3):355-74.

Lee JH, Lee Y. Taxes, Payout Policy, and Share Prices: Evidence from DID Analysis Using Korea’s
2015-2017 Dividend Tax Cut. Korean Economic Review. 2024; 40(1):77—-106.

Lintner J. Distribution of Incomes of Corporations Among Dividends, Retained Earnings, and Taxes.
The American Economic Review. 1956; 46(2):97-113.

Gordon MJ. Dividends, Earnings, and Stock Prices. The Review of Economics and Statistics. 1959;
41:99.

Miller MH, Modigliani F. Dividend Policy, Growth, and the Valuation of Shares. The Journal of Business.
1961; 34(4):411-33.

Hussainey K, Oscar Mgbame C, Chijoke-Mgbame AM. Dividend policy and share price volatility: UK
evidence. The Journal of Risk Finance. 2011; 12(1):57—-68.

Zainudin R, Mahdzan NS, Yet CH. Dividend policy and stock price volatility of industrial products firms
in Malaysia. International Journal of Emerging Markets. 2018; 13(1):203-17.

Felimban R, Floros C, Nguyen A-N. The impact of dividend announcements on share price and trading
volume. Journal of Economic Studies. 2018; 45(2):210-30.

Cristea C, Cristea M. The influence of dividend policy on the volatility of shares in the Romanian equity
capital market. MATEC Web Conf. 2018; 184.

Syed AM, Bawazir HS, AlSidrah IT. Dividend policies and stock volatility-empirical evidence from Middle
Eastern stock markets. Review of Accounting and Finance. 2023; 22(5):569-83.

Ali Taher FN, Al-Shboul M. Dividend policy, its asymmetric behavior and stock liquidity. Journal of Eco-
nomic Studies. 2023; 50(3):578—-600.

Basse T, Klein T, Vigne SA, Wegener C. U.S. stock prices and the dot.com-bubble: Can dividend policy
rescue the efficient market hypothesis? Journal of Corporate Finance. 2021; 67:101892.

Felimban R, Badreddine S, Floros C. Share price informativeness and dividend smoothing behavior in
GCC markets. Journal of Economic Studies. 2022; 49(6):978—1001.

Farooq O, Satt H, Bendriouch FZ, Lamiri D. Dividend policy and the downside risk in stock prices: evi-
dence from the MENA region. The Journal of Risk Finance. 2021; 22(3/4):261-78.

Chatterjee C, Tiwari S. Dividend reduction and stock price reaction in Indian market: is there a role of
share repurchase? Journal of Indian Business Research. 2022; 14(4):447-71.

Aboud A, Diab A. The impact of social, environmental and corporate governance disclosures on firm
value. Journal of Accounting in Emerging Economies. 2018; 8(4):442-58.

Aboud A, Diab A. The financial and market consequences of environmental, social and governance rat-
ings. Sustainability Accounting, Management and Policy Journal. 2019; 10(3):498-520.

Avramov D, Cheng S, Lioui A, Tarelli A. Sustainable investing with ESG rating uncertainty. Journal of
Financial Economics. 2022; 145(2, Part B):642—64.

Alhawaj A, Buallay A, Abdallah W. Sustainability reporting and energy sectorial performance: devel-
oped and emerging economies. International Journal of Energy Sector Management. 2023; 17(4):739—
60.

PLOS ONE | https://doi.org/10.1371/journal.pone.0313299 November 25, 2024 22/23


https://doi.org/10.1371/journal.pone.0313299

PLOS ONE

Impact of sustainable development on the relevance of accounting information and financial activities

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

93.

94.

95.

96.

97.

98.

99.

Moalla M, Dammak S. Corporate ESG performance as good insurance in times of crisis: lessons from
US stock market during COVID-19 pandemic. Journal of Global Responsibility. 2023; 14(4):381—402.

Di Tommaso C, Mazzuca M. The stock price of European insurance companies: What is the role of
ESG factors? Finance Research Letters. 2023; 56:104071.

Zhou G, Liu L, Luo S. Sustainable development, ESG performance and company market value: Mediat-
ing effect of financial performance. Business Strategy and the Environment. 2022; 31(7):3371-87.

Yang Y, Zhang J, Li Y. The effects of environmental information disclosure on stock price synchronicity
in China. Heliyon. 2023; 9(5). https://doi.org/10.1016/j.heliyon.2023.e16271 PMID: 37251833

Zhang Y, Zhang C, Zhang S, Yang Y, Lan K. Insight into the risk-resistant function of ESG performance:
An organizational management perspective. Chinese Management Studies. 2024; 18(3):818—46.

Sciarelli M, Landi G, Turriziani L, Prisco A. Does corporate sustainability mitigate firm risk? An empirical
analysis on S&P 500 controversial companies. Social Responsibility Journal. 2024; 20(1):38-58.

Cardillo G, Bendinelli E, Torluccio G. COVID-19, ESG investing, and the resilience of more sustainable
stocks: Evidence from European firms. Business Strategy and the Environment. 2023; 32(1):602-23.

Ammer MA, Aliedan MM, Alyahya MA. Do Corporate Environmental Sustainability Practices Influence
Firm Value? The Role of Independent Directors: Evidence from Saudi Arabia. Sustainability. 2020; 12
(22).

Helfaya A, Aboud A, Amin E. An examination of corporate environmental goals disclosure, sustainability
performance and firm value—An Egyptian evidence. Journal of International Accounting, Auditing and
Taxation. 2023; 52:100561.

Patari S, Jantunen A, Kylaheiko K, Sandstrom J. Does Sustainable Development Foster Value Crea-
tion? Empirical Evidence from the Global Energy Industry. Corporate Social Responsibility and Environ-
mental Management. 2012; 19(6):317-26.

Gomez-Bezares F, Przychodzen W, Przychodzen J. Bridging the gap: How sustainable development
can help companies create shareholder value and improve financial performance. Business Ethics: A
European Review. 2017; 26(1):1-17.

Yadav PL, Han SH, Rho JJ. Impact of Environmental Performance on Firm Value for Sustainable
Investment: Evidence from Large US Firms. Business Strategy and the Environment. 2016; 25(6):402—
20.

Chang D-s, Kuo L-cR. The effects of sustainable development on firms’ financial performance—an
empirical approach. Sustainable Development. 2008; 16(6):365—80.

Miralles-Quiros MdM, Miralles-Quiros JL, Arraiano IG. Are Firms that Contribute to Sustainable Devel-
opment Valued by Investors? Corporate Social Responsibility and Environmental Management. 2017;
24(1):71-84.

Bestariningrum N. Analyzing the effect of capital structure and firm size on firm value (case study: Com-
pany that listed in LQ-45 index period 2010-2014). Jurnal berkala ilmiah efisiensi. 2015; 15(4).

Gustinyomansintyaadnyani |, Suaryana IGA. The Effect of Company Sizes, Sales Growth, and Profit-
ability on Firm Values. American Journal of Humanities and Social Sciences Research. 2020; 4(6):265—
71.

Christia C, Sari EN, Simorangkir EN, Hutagalung G. The Effect of Current Ratio and Debt to Equity
Ratio on Stock Prices with Return on Equity as an Intervening Variable in Food and Beverage Compa-
nies. Journal of Social Science. 2021; 2(2):126—-34.

Siti Ayu L, Mursalim A. Profitability and Company Value: Empirical Study of Manufacture Companies in
Indonesia Period 2009-2014. Information Management and Business Review. 2016; 8(3).

Rudkin W, Cai CX. Information content of sustainability index recomposition: A synthetic portfolio
approach. International Review of Financial Analysis. 2023; 88:102676.

de Carvalho PL, Martins OS. Performance of Sustainability and Negotiability Indexes in the Brazilian
Stock Market. Advances in Environmental Accounting & Management: Social and Environmental
Accounting in Brazil (Advances in Environmental Accounting & Management, Vol 6): Emerald Publish-
ing Limited; 2017. p. 133-58.

Makki AA, Mosly |. Predicting the Safety Climate in Construction Sites of Saudi Arabia: A Bootstrapped
Multiple Ordinal Logistic Regression Modeling Approach. Applied Sciences. 2021; 11(4).

Petter S, Straub D, Rai A. Specifying Formative Constructs in Information Systems Research. MIS
Quarterly. 2007; 31(4):623-56.

Kim JH. Multicollinearity and misleading statistical results. Korean J Anesthesiol. 2019; 72(6):558—69.
https://doi.org/10.4097/kja.19087 PMID: 31304696

PLOS ONE | https://doi.org/10.1371/journal.pone.0313299 November 25, 2024 23/23


https://doi.org/10.1016/j.heliyon.2023.e16271
http://www.ncbi.nlm.nih.gov/pubmed/37251833
https://doi.org/10.4097/kja.19087
http://www.ncbi.nlm.nih.gov/pubmed/31304696
https://doi.org/10.1371/journal.pone.0313299

