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Abstract: While the textual attributes of corporate financial documents, such as annual reports,
have been extensively analyzed in the academic literature, those of corporate sustainability reports,
which serve as a critical channel for nonfinancial disclosure, are relatively under-explored. Given the
increasing importance of Environmental, Social, and Governance (ESG) factors in corporate strategy
and stakeholder evaluation, understanding the role of textual attributes in sustainability reporting
is crucial. This study examines 10,021 hand-collected sustainability reports from Chinese firms
between 2009 and 2021, focusing on six key textual attributes: length, readability, tone, boilerplate
language, redundancy, and completeness. Using computational linguistics, we analyze how these
attributes evolve over time and their impact on ESG ratings provided by both international (MSCI,
FTSE) and domestic (SNSI) agencies. Our findings reveal that the length and completeness of
sustainability reports significantly influence ESG scores across agencies, demonstrating a shared
appreciation for detailed and transparent disclosures. However, international and domestic rating
agencies exhibit differing responses to attributes like tone, boilerplate language, and redundancy.
These differences highlight variations in evaluation standards, methodologies, and value orientations
between global and local stakeholders. The results emphasize the need for firms to tailor their
sustainability disclosures to meet diverse stakeholder expectations. This study contributes to the
growing body of literature on nonfinancial reporting by providing empirical evidence on how specific
textual characteristics of sustainability reports can shape ESG evaluations, offering insights for both
corporate communicators and policymakers.

Keywords: textual analysis; sustainability report; ESG; rating

1. Introduction

The study of textual attributes in corporate communications, such as annual reports,
letters to shareholders and other firm-issued documents, has garnered significant attention
in the academic literature [1,2]. Researchers have examined various textual elements,
including but not limited to readability, tone and redundancy [3–5]. It has been shown that
the textual attributes can carry implications extending beyond mere stylistic considerations.
They offer an alternative view of the quality and effectiveness of corporate disclosures and
play a pivotal role in shaping stakeholder perceptions, influencing firm performance, and
affecting regulatory evaluations [4,6].

However, existing research on textual attributes has predominantly focused on cor-
porate annual reports and financial disclosures [2,7,8], paying insufficient attention to
the increasingly important domain of nonfinancial sustainability reporting. Nowadays
sustainability reporting is on the path to becoming a cornerstone of corporate communi-
cation [9,10], fueled by regulatory pressures, investor demand, and consumer awareness
among other factors [11]. For example, the European Union’s Corporate Sustainability Re-
porting Directive (CSRD), having entered into force in 2023, requires mandatory reporting
of sustainability information for companies meeting certain thresholds [12]. A recent global
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survey finds that investors are increasingly integrating sustainability factors into decision-
making and place significant importance on the quality of sustainability reporting [13].
Sustainability reports are expected to convey a firm’s commitment to the sustainability
agenda, detailing their goals, efforts, challenges, opportunities and performance in this
regard [14]. Moreover, sustainability reports are a crucial source of information for environ-
mental, social and governance (ESG) ratings, which are developed by rating agencies such
as MSCI and FTSE to assist investors in making informed ESG investing decisions [15,16].
A broad spectrum of studies has analyzed the validity, consistency, and determinants of
ESG ratings as well as their implications for other aspects of the companies [17–19]. For
rating agencies, sustainability disclosure is a crucial source of information to gauge and
benchmark the companies’ sustainability performance.

Financial markets and participants rely heavily on these reports as they provide critical
insights into a firm’s long-term viability and risk management strategies. The financial
implications of sustainability reporting are profound, as they can influence investment
decisions [20], credit ratings [21], and overall market perception [22]. High-quality sus-
tainability reports that are comprehensive and transparent can lead to better financial
outcomes by attracting more investors [23] and enhancing the firm’s reputation [24]. On
the other hand, poorly constructed reports with low readability or high redundancy might
lead to negative financial consequences [25], such as reduced investor confidence [26] and
increased capital costs [27].

This study aims to understand the progression of textual attributes of sustainability
reports and their implications for ESG ratings, based on a sample of 10,021 sustainability
reports issued by public Chinese firms from 2009 to 2021. Drawing on computational
linguistics, we define and compute six textual attributes, including length, readability,
tone, boilerplate words, redundancy, and completeness, for Chinese sustainability reports.
Length and completeness reflect the depth and breadth of information provided, while
readability and tone influence how easily the information can be understood and perceived
by stakeholders. Boilerplate words and redundancy can indicate the level of customization
and specificity of the reports. We analyze the association between the six textual attributes
with ESG ratings by two international rating agencies, MSCI and FTSE, and one domestic
rating agency, Sino-Securities Index (SNSI).

This paper presents three main findings. First, it traces the evolution of the six textual
attributes over the study period, illustrating how Chinese firms have refined their sustain-
ability reporting practices in response to changing regulatory environments and stakeholder
expectations. Second, it identifies significant associations between three specific attributes
(length, readability, and tone) and various ESG ratings (MSCI, FTSE, SNSI), highlighting
the critical role these attributes play in enhancing the perceived quality of sustainability
reports. Third, the study reveals that international ESG ratings and domestic ESG ratings
respond differently to these textual attributes, underscoring the diverse standards and
expectations that global and local stakeholders apply when evaluating ESG disclosures.

By focusing on the textual dynamics of sustainability reports, this research makes sev-
eral important contributions. It provides a comprehensive temporal analysis of how report-
ing practices have evolved in a major emerging market, offering insights into the broader
trends in corporate communication and stakeholder engagement. It also demonstrates
the substantive impact of report quality on ESG ratings, providing empirical evidence
that can inform both corporate reporting strategies and regulatory policies. Moreover, by
highlighting the differential responses of international and domestic ESG ratings to textual
attributes, the study underscores the need for firms to tailor their reporting practices to
meet diverse stakeholder expectations effectively.

The remainder of the paper is structured as follows. Section 2 presents the literature
review and our hypothesis. Section 3 defines the textual attributes and describes the
method. Section 4 presents the results. Section 5 discusses the findings. Section 6 presents
the conclusion.
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2. Literature Survey and Hypothesis
2.1. Literature Survey

Textual analysis has become increasingly pivotal in accounting and finance research,
as the explosion of unstructured data and advancements in natural language processing
enable researchers to leverage textual analysis to gain insights that were previously inac-
cessible [28,29]. Existing studies have applied textual analysis to a wide array of corporate
documents, such as annual reports [30], letters to shareholders [31], and earnings call tran-
scripts [2,31,32]. It has been shown that textual analysis could unveil hidden information,
improve forecast accuracy, enhance risk management, and decode managerial intentions,
based on various textual attributes, such as readability, length, tone, redundancy, boiler-
plate words, and comprehensiveness. For example, the readability of corporate annual
reports, as measured by the Fog Index, is related to earnings [4]. Additionally, a substantial
amount of disclosure volume in annual reports can be explained by managerial discre-
tion [33]. Tone analysis reveals that managers’ sentiment based on the use of optimistic or
pessimistic language correlates with future financial outcomes, where optimistic tones often
indicate better performance [34–38]. Redundancy in reports can dilute key information,
leading to inefficient price discovery and higher processing costs for readers [39]. The use
of boilerplate language undermines report credibility, emphasizing the need for specific,
detailed information to maintain transparency [40]. Comprehensive disclosures reduce
information asymmetry, enhancing market efficiency and investor confidence [41,42]. These
findings underscore the importance of textual attributes in shaping market and stakeholder
responses to corporate disclosures.

While existing studies predominantly focus on the textual attributes of financial docu-
ments, corporate sustainability reports, also labeled as corporate social responsibility (CSR)
or ESG reports, have gradually become a focal point for textual analysis [43]. Sustainability
reports, as an increasingly important medium for non-financial disclosure, are subject
to limited regulatory oversight [44]. Sustainability information holds incremental value
for investors, providing insights into future financial performance, cost of equity, labor
productivity, and corporate misconduct propensity [27,28]. Studies have shown a positive
association between CSR performance and the readability of CSR reports [29,30,45–47].
Additionally, tone analysis in CSR reports reveals that poor performers often exhibit a
biased optimistic tone compared to better performers [48]. These findings emphasize the
need for rigorous analysis of sustainability disclosures to ensure they accurately reflect
corporate sustainability efforts.

Rating agencies like MSCI and Sustainalytics incorporate firms’ sustainability dis-
closures as a critical source of information in their assessment of ESG ratings [15]. These
ratings serve as crucial compasses in the financial market for ESG investing [49–51]. Com-
panies can potentially gain the most by publishing sustainability reports that offer detailed
insights into their sustainability strategies and practices, thereby minimizing information
asymmetry between the companies and market participants [33,34]. In financial reporting,
existing studies have explored how the textual attributes of annual reports affect credit
ratings [52]. For example, companies with less-readable 10-K filings tend to receive lower
credit ratings [53]. However, to our knowledge, no studies have been conducted on the
role of textual attributes of sustainability reports in the ESG rating market. We aim to
fill this gap by examining how the textual attributes of sustainability disclosures impact
ESG ratings.

Our study differs from the literature in three important aspects. First, to our knowl-
edge, this is the first investigation of the relationship between textual attributes of sustain-
ability disclosure and ESG ratings, while existing studies focus on the relationship between
textual attributes and financial measures (e.g., earnings, stock returns). Second, this is the
first study to analyze the textual attributes of an exhaustive sample of sustainability reports
by Chinese public firms, as opposed to the predominantly English-language studies so
far. Third, we explore whether international and domestic rating agencies process textual
information differently.
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2.2. Hypothesis

We conjecture that the textual attributes of sustainability reports can crucially impact
how the ESG rating agencies evaluate corporate performance through three channels. First,
from the lens of disclosure level, the clarity and complexity of sustainability reports can
impact stakeholders’ understanding and assessment of a firm’s ESG performance. As
noted in a prior study [54], the quality of sustainability reports can affect the ease with
which stakeholders process and incorporate the disclosed information into their decision-
making processes. When reports are less readable, market participants facing limited
cognitive resources [55] may struggle to interpret the extensive qualitative data often
included in sustainability disclosures. This can lead to increased time and effort spent on
deciphering the information or seeking additional data from other sources, thus raising
their information processing costs. Furthermore, sustainability disclosures are generally
seen as a signal of a company’s stronger commitment to the ESG agenda and a better ability
to integrate ESG factors into its overall corporate strategy [56]. Clear and comprehensive
disclosures not only facilitate a more accurate evaluation of the firm’s ESG practices but
also signal to stakeholders that the company is taking these issues seriously and is proactive
in its strategic integration of ESG considerations [57]. Consequently, firms with thorough
disclosures are likely to be viewed more favorably by rating agencies who appreciate the
transparency and the apparent alignment of ESG practices with corporate strategy.

Second, from the lens of communication style, readability and tone reflect a corpora-
tion’s incentive to disclose information about its ESG performance. Sustainability reports
often rely on qualitative, textual descriptions to convey information, particularly when
discussing aspects that are difficult to quantify, such as employee well-being and environ-
mental stewardship. The tone of sustainability disclosures can serve as a tool for managers
to communicate nuanced and hard-to-quantify information. According to the truthful
disclosure hypothesis, managers use both positive and negative language to reflect their
genuine expectations about future performance, including ESG outcomes [20,38,39,58].
However, the opportunistic disclosure motive cannot be overlooked. Some studies indi-
cate that managers might manipulate the tone of sustainability reports to present a more
favorable image of the company’s performance, a practice often referred to as “greenwash-
ing” [31,40,41,59]. For example, it is found that firms with poorer environmental records
often employ more optimistic and less certain language in their sustainability reports to
mislead stakeholders about their true performance [48]. In summary, the readability and
tone of sustainability reports are crucial elements that reflect a corporation’s disclosure
strategy. A positive and transparent tone generally signals a genuine commitment to ESG
principles and a willingness to integrate these into the corporate strategy.

Third, from the lens of report specificity, boilerplate language and redundancy signifi-
cantly impact how rating agencies interpret sustainability information. The interpretation
largely relies on the methodology and ability of agencies. Local ESG rating agencies, lever-
aging their contextual knowledge and specific understanding of regional issues, can better
assess ESG risks that are not captured by standardized global metrics. This advantage is
particularly pronounced in evaluating social and governance issues, where local knowledge
plays a crucial role [60,61]. In contrast, global rating agencies tend to use a uniform set of
criteria, which may overlook nuanced local issues but ensure consistency across different
regions. This standardized approach might not fully capture the complexities of local ESG
risks, potentially leading to less accurate assessments in specific contexts [1]. Addition-
ally, the predictive ability of local agencies regarding future ESG incidents, especially in
social and governance areas, underscores their deeper insight into local conditions and
regulatory environments.

In summary, we hypothesize that textual attributes of sustainability disclosures are
associated with third-party ESG ratings but with different impacts on international and
domestic rating agencies. The divergence between international and domestic rating
agencies may stem from a domestic agency’s ability to navigate the local regulatory and
cultural landscape. Hence, we present the following two hypotheses:



Sustainability 2024, 16, 9270 5 of 20

H1. There is a significant correlation between the textual attributes of a sustainability report and
ESG ratings.

H2. The rating standards in text recognition of international agencies differ from those of domestic
agencies.

3. Methodology
3.1. Sample and Data

Sample. We manually collected all sustainability reports (including both CSR and ESG
reports) released by Chinese public companies between 2009 and 2021, from various chan-
nels, including corporations’ official websites, the Shanghai Stock Exchange, the Shenzhen
Stock Exchange, and Cninfo (Cninfo was established in 1995. It is the earliest professional
securities information website and the first comprehensive online platform to disclose
announcement information and market data for all public companies in the Shanghai and
Shenzhen Stock Exchanges. It is designated by the China Securities Regulatory Commission
as the official platform for disseminating information related to public companies in the
country). Although the first sustainability report by a Chinese firm was published in 2004,
ESG rating data before 2009 were significantly incomplete, and matching with reports
would yield few data points. Therefore, this study focuses on the period from 2009 to 2021.
The final sample comprises 10,021 reports.

The quantity of data in the sample from 2009 to 2021 is increasing annually, exhibiting
a gradual rise from 413 reports to 1277 reports. Figure 1 provides a comprehensive illustra-
tion of the distribution of ESG report disclosures by industry on an annual basis. The figure
presents a ranking of the ten most prominent industries in terms of the number of disclo-
sures, ordered from the highest to the lowest number of disclosures. The manufacturing
industry is the first to report, with a total of 5380 reports, representing 53.69% of the total.
The financial industry occupies the second position, with a total of 744 reports. Moreover,
an examination of the corporate identity of the sample companies indicates that although
the number of reports disclosed by state-owned enterprises (SOEs) exceeded 55% of the
total, the number of reports disclosed by SOEs each year demonstrates a decline over time.
In 2009, SOEs are responsible for disclosing 67.55% of the reports. By 2021, however, their
disclosure share has decreased to 45.34%.
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Dependent Variables. The dependent variable in this study is the ESG rating scores
from two international agencies, FTSE and MSCI, and one domestic agency, SNSI. All
ratings were obtained from the WIND database, a premier database for Chinese public
firms. Different agencies may update the firms’ ratings at different time points, and we
need to match the ratings with sustainability reports for regression analysis. To capture the
impact of text attributes on a firm’s ESG score, we used the ESG rating after the release of
the sustainability reports for the t + 1 period as the dependent variable, with the rating for
period t as a baseline.

The FTSE ratings include an overall score for aggregate ESG performance and sub-
ratings for performance in underlying pillars and themes. Firms were rated on a scale
of 0–5, with 5 indicating the best performance. Matching the FTSE Russel ratings with
the reports resulted in a sample of 1481 observations. MSCI assigns ESG scores annually
from 0 to 10, based on the assessment of 35 key ESG issues, resulting in 1836 matched
observations. The domestic SNSI rating uses a four-level indicator system with 3 Level-1
indicators, 16 Level-2 indicators, 44 Level-3 indicators, and nearly 80 Level-4 indicators.
The SNSI ratings are given in letter format, from the highest “AAA” to the lowest “C”.
We converted the letter ratings into numeric values, with “AAA” being 9 and “C” being
1, resulting a final matched dataset of 9796 observations. To ensure comparability across
these three rating systems, we converted all numeric values into a standardized 0–100 scale.
This involves rescaling the FTSE ratings from 0 to 5, the MSCI ratings from 0 to 10, and the
SNSI ratings from 1 to 9, such that the lowest possible score is 0 and the highest is 100.

Independent Variables. The text attributes of sustainability reports issued by public
companies in China are the independent variables for this study. We utilized six indepen-
dent variables: LENGTH, READABILITY, TONE, BOILERPLATE, REDUNDANCY, and
COMPLETENESS. The definitions and measurement methods for them are summarized in
Tables 1 and 2. In a study conducted by Li (2008) [4], the number of words within a given
text was proposed as a metric for measuring its LENGTH. READABILITY can be defined as
the ease with which a text can be understood by the reader. A text with a high readability
value is more difficult to understand than one with a low readability value. The TONE of
sustainability reports is evaluated through the identification of positive and negative words,
which are then used to construct a sentiment lexicon for subsequent analysis. The BOIL-
ERPLATE is the proportion of boilerplate words in corporate documents. REDUNDANCY
words are defined as the number of words in a sentence that are repeated word-for-word
in other parts of the text. The evaluation of the COMPLETENESS of sustainability reports
is conducted through an examination of the disclosure of information pertaining to the
United Nations Sustainable Development Goals (SDGs).

Table 1. The definition of textual attributes.

Textual Attributes Definition

LENGTH The text length refers to the natural logarithmic number of characters
in the report.

READABILITY A combination of sentence length and proportion of long words,
similar to the Fog index for English.

TONE
Tone usually refers to the mood or emotional color of a text. It can

describe the attitude, emotion, intention, and expression
characteristics of reports.

BOILERPLATE Boilerplate refers to the percentage of standardized terms or phrases
used in the entire text to convey specific types of information

REDUNDANCY Redundancy refers to the repeated information contained in reports.

COMPLETENESS Completeness in text attributes refers to the text dataset containing all
the necessary information without missing parts or empty values.
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Table 2. The measures of textual attributes.

Textual Attributes Measures

LENGTH LENGTH = log (the number o f characters)

READABILITY READABILITY =

(
the number o f characters per long sentence +

long words
NCharacters

)
× 0.4

TONE S(t) =
n
∑

i=1
w(di)∗p(di)

BOILERPLATE BOILERPLATEratio =
boilerplate words

total words
REDUNDANCY REDUNDANCY =

redundant words
total words

COMPLETENESS COMPLETENESS = the number o f SDGs disclosed in a report

Among the six textual attributes, LENGTH and COMPLETENESS reflect the depth
and breadth of information provided. READABILITY and TONE influence how easily
the information can be understood and perceived by stakeholders. BOILERPLATE and
REDUNDANCY indicate the level of customization and specificity of the reports. Detailed
measurement procedures are presented in Appendix A.

Control Variables. Various control variables are included based on established re-
search [33,43]. In CSR contexts, larger companies face more public pressure for social
responsibility, while those with higher litigation risk may improve CSR to avoid legal
issues [62]. We control for company size (SIZE, natural logarithm of total assets) and litiga-
tion risk (LITG, binary indicator of litigation penalties). Financially successful companies
have more resources for CSR compliance [51,63], and competitive industries drive better
CSR performance [51]. The nature (SOE) and age of the business (LISTAGE) are subject to
our control. We control for profitability (ROA) and industry competition (HHI) using data
from the National CSMAR Database. Global companies face higher CSR demands due to
their international exposure (GLOBAL, binary indicator of foreign income) [51]. To improve
stock liquidity for equity issuance and share sales, we measured liquidity (LIQUIDITY) as
the reciprocal of a non-liquidity indicator [64]. We accounted for growth opportunities (TO-
BINQ) and financial risk (LEV, debt-to-assets ratio) since higher leverage typically demands
greater disclosure [65]. CSR disclosure correlates with general financial transparency [51].
Lastly, we considered board characteristics: duality (DUAL, same chairman and CEO),
board size (BOARD, number of board members), and proportion of independent directors
(INDEP). Additionally, we controlled for the ESG rating scores from the previous period to
account for the inertia of the same institution’s ratings for companies, or in other words,
their reliance on past ratings.

3.2. Model

In accordance with the model proposed in [61], we employed the fixed effect model to
estimate the relationship between textual attributes and ESG ratings as follows:

ESGi,t+1 =α + β1TextAttributei,t+β2Controli,t+γt+δi+εi,t+1, (1)

where ESGi,t+1 is the ESG rating at time t + 1 for firm i. α is the constant term. TextAttributei,t
is the text attribute at time t for firm i. β1 and β2 are the regression coefficients correspond-
ing to the text attribute and the vector of control variables, respectively. γt represents
the time-fixed effects, which control for common effects across all firms at specific time
points. δi represents the industry-fixed effects, which control for unobserved individual
effects specific to each industry. εi,t+1 is the error term, representing unexplained random
disturbances. Robust standard errors clustered by company are employed to address issues
related to heteroskedasticity and serial correlation, and industry and year-fixed effects are
incorporated into all the regression models. To detect potential multicollinearity in the data,
variance inflation factor (VIF) values are computed.
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4. Results

Table 3 presents summary statistics for the sample. The sustainability reports of public
companies are generally difficult to read, with an average READABILITY of 16.175 and
a standard deviation of 3.297, indicating unsatisfactory readability. This score suggests
that firms in the sample are using complex language and long sentences, which could
make it challenging for readers to interpret the reports easily. The average TONE is 0.729,
reflecting a predominantly positive sentiment in the reports. However, this positive tone
might vary significantly between firms, as indicated by the standard deviation (SD = 0.075).
The average REDUNDANCY level is 0.012, suggesting that firms tend to avoid repeating
information excessively, maintaining a more concise narrative. However, the reports are
poorly diversified, addressing an average of only 2.958 Sustainable Development Goals
(SDGs) per report, representing less than a quarter of the total targets, which points to a
limited breadth of sustainability topics addressed by firms.

Table 3. Descriptive statistics.

Variables Obs. Mean SD. Min Max p1 p99 Skew. Kurt.

MSCI 1836 34.774 15.546 3.08 72.83 3.08 72.83 0.213 2.53
FTSE 1481 29.16 11.113 10 58 10 58 0.523 2.65
SNSI 9796 52.952 11.452 22.222 77.778 22.222 77.778 −0.403 3.108

READABILITY 10,021 16.175 3.297 11.028 29.194 11.028 29.194 1.454 5.825
TONE 10,021 0.729 0.075 0.486 0.887 0.486 0.887 −0.487 3.463

LENGTH 10,021 9.482 0.76 7.998 11.351 7.998 11.351 0.29 2.359
BOILERPLATE 10,021 0.159 0.085 0.027 0.486 0.027 0.486 1.26 5.166

REDUNDANCY 10,020 0.012 0.012 0 0.07 0 0.07 2.486 11.005
COMPLETENESS 10,021 0.174 0.087 0.059 0.529 0.059 0.529 1.166 5.266

SIZE 10,021 23.394 1.742 20.404 29.265 20.404 29.265 0.916 4.021
LEV 10,021 0.503 0.212 0.069 0.94 0.069 0.94 −0.021 2.3
ROA 10,021 0.046 0.057 −0.153 0.238 −0.153 0.238 0.308 5.887

BOARD 10,021 2.203 0.226 1.609 2.833 1.609 2.833 0.169 3.748
INDEP 10,021 0.375 0.055 0.308 0.571 0.308 0.571 1.476 5.059

DUDAL 10,021 0.196 0.397 0 1 0 1 1.533 3.351
TOBINQ 10,021 1.83 1.238 0.82 8.108 0.82 8.108 2.771 12.105

HHI 10,021 0.091 0.098 0.011 0.584 0.011 0.584 3.018 13.676
LIQUIDITY 10,021 0.033 0.043 0.001 0.278 0.001 0.278 3.194 15.71

LITG 10,021 0.146 0.353 0 1 0 1 2.005 5.021
GLOBAL 10,021 0.038 0.118 0 0.693 0 0.693 3.87 18.226

SOE 10,021 0.556 0.497 0 1 0 1 −0.226 1.051
LISTAGE 10,021 2.363 0.776 0 3.332 0 3.332 −1.196 3.964

Table 4 shows the correlation coefficients between the main variables. The correlations
between LENGTH, READABILITY, and COMPLETENESS with ESG ratings (MSCI, FTSE,
and SNSI) are all significantly positive, indicating that more detailed and comprehensive
reports are associated with higher ESG ratings. This finding supports the hypothesis that
detailed disclosures positively influence how both international and domestic agencies
perceive sustainability efforts. Interestingly, TONE shows a negative correlation with
MSCI ratings, which suggests that a more optimistic tone might not always be perceived
favorably by international rating agencies like MSCI. On the other hand, SNSI’s significant
correlation with BOILERPLATE (negative) and REDUNDANCY (positive) highlights the
differences in evaluation criteria between domestic and international agencies. These
findings suggest that SNSI may appreciate a more detailed and exhaustive narrative, even
if it includes redundant information, while international agencies might favor reports with
more original content.
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Table 4. Matrix of correlation coefficients for the main variable.

MSCI FTSE SNSI READABILITY TONE LENGTH BOILERPLATE REDUNDANCY COMPLETENESS

MSCI 1
FTSE 0.507 *** 1
SNSI 0.109 *** 0.068 *** 1

READABILITY 0.200 *** 0.161 *** 0.066 *** 1
TONE −0.099 *** −0.022 0.089 *** 0.110 *** 1

LENGTH 0.517 *** 0.461 *** 0.187 *** 0.411 *** −0.016 1
BOILERPLATE −0.037 −0.028 −0.041 *** 0.179 *** −0.078 *** −0.030 *** 1

REDUNDANCY 0.143 *** 0.110 *** 0.040 *** −0.047 *** 0.004 0.259 *** −0.053 *** 1
COMPLETENESS 0.386 *** 0.357 *** 0.168 *** 0.252 *** −0.011 0.622 *** −0.028 *** 0.135 *** 1

Note: * p < 0.1, ** p < 0.05, *** p < 0.01.

Figure 2 depicts the evolution of key textual attributes in sustainability reports from
2009 to 2021, with lines representing the first quartile, mean, median, and third quartile.
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Over this period, the average report length has increased steadily, reflecting a growing
trend toward more detailed disclosures. Interestingly, the readability of reports peaked
in 2018 before declining, indicating that while reports were becoming more detailed, they
were also becoming harder to read, possibly due to the use of more technical or specialized
language. The tone of the reports has remained predominantly positive throughout the
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period, with at least 75% of the reports exhibiting a positive sentiment. The boilerplate
ratio shows fluctuations but has generally increased over time, which could suggest a
growing reliance on standardized language in sustainability reports. Redundancy levels
have remained consistently low, further indicating that reports tend to avoid unnecessary
repetition. Finally, the completeness of the reports, as measured by the number of SDGs
covered, has gradually increased, indicating more comprehensive sustainability disclosures
over time.

Overall, the textual attributes of sustainability reports have changed significantly
from 2009 to 2021. Reports have become longer and more comprehensive, with improved
readability and a more positive tone. The readability and boilerplate ratio have fluctuated,
while redundancy remains low, indicating efficient information presentation.

Table 5 presents the main regression results, showing a significant positive correlation
between report LENGTH and ESG ratings across all three agencies (MSCI, FTSE, and SNSI).
This indicates that longer reports tend to receive higher ESG scores, likely because they
provide more comprehensive and detailed information. Additionally, the COMPLETENESS
of a report—measured by the number of SDGs covered—also has a significant positive
impact on ESG ratings from FTSE and SNSI, but not from MSCI. This finding suggests that
domestic agencies like SNSI might value the breadth of sustainability disclosures more than
international agencies. The results highlight the importance of detailed and comprehensive
reporting, especially when aiming for higher domestic ESG ratings.

Table 5. Regression results of report disclosure level.

(1) (2) (3) (4) (5) (6)
MSCI(t+1) FTSE(t+1) SNSI(t+1) MSCI(t+1) FTSE(t+1) SNSI(t+1)

LENGTH 1.0070 ** 1.4385 *** 1.5182 *** COMPLETENESS 2.2192 8.7332 *** 11.2881 ***
(2.9461) (4.5676) (8.9978) (1.0225) (3.7397) (8.3304)

MSCIt 0.8245 *** MSCIt 0.8354 ***
(44.9122) (47.2395)

FTSEt 0.8222 *** FTSEt 0.8312 ***
(29.1310) (30.1200)

SNSIt 0.5179 *** SNSIt 0.5198 ***
(52.8760) (52.9901)

INTERCEPT −26.2510 *** −23.6615 *** 5.1250 INTERCEPT −22.0732 ** −13.0380 * 13.8183 ***
(−3.4874) (−3.7996) (1.8355) (−2.9151) (−2.2504) (4.8765)

CONTROL YES YES YES CONTROL YES YES YES

YEAR YES YES YES YEAR YES YES YES

INDUSTRY YES YES YES INDUSTRY YES YES YES

NUMBER 1349 957 8334 NUMBER 1349 957 8334

Adj. R2 0.8228 0.8184 0.4317 Adj. R2 0.8217 0.8181 0.4306

Note: Year and Industry represent fixed year and industry effects. “YES” indicates that the variable is controlled.
* p < 0.1, ** p < 0.05, *** p < 0.01.

Disclosure level—Length and Completeness. According to Table 5, there exists a
significant positive correlation between LENGTH and ratings by all three agencies. Upon
considering the influence of COMPLETENESS, which measures another dimension of
disclosure level, our analysis reveals a significant positive correlation between COM-
PLETENESS and ratings by FTSE(t+1) and SNSI(t+1). However, we do not observe such a
relationship with MSCI(t+1). Notably, the statistical significance of the correlation between
COMPLETENESS and ratings by FTSE(t+1) and SNSI(t+1) was found to be stronger (with a
p-value of 0.000). This relationship holds true for both the number of covered SDGs and
the ratio of covered SDGs. The expected average change in SNSI(t+1) when the number of
covered SDGs increases by one unit is 11.2295 (t-statistic: 8.2792)

The positive correlation between comprehensive sustainability reports and higher ESG
ratings can be understood from several perspectives. First, detailed reports demonstrate
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a company’s commitment to transparency and ESG factors. Organizations providing
extensive information on their sustainable practices tend to receive higher ESG ratings
due to the perceived depth and quality of their initiatives. Second, comprehensive reports
reflect the integration of ESG considerations into a company’s strategy and operations,
signaling a strong commitment to sustainability and responsible business practices. Third,
detailed reports cover a broad scope of ESG initiatives, enabling thorough evaluation by
rating agencies and resulting in enhanced ratings. In summary, a sustainability report with
a higher disclosure level, measured by higher levels of LENGTH and COMPLETENESS,
signifies a deeper commitment to ESG issues, positively influencing ESG ratings.

Communication Style—Readability and Tone. According to Table 6, the results show
positive coefficients of READABILITY on the ESG score for three ratings, which stands in
stark contrast to those reported by Nazari et al. (2017). Since a higher READABILITY value
indicates lower readability, it reveals an intriguing fact that sustainability reports with lower
readability tend to have higher ESG ratings in the subsequent period. This can be attributed
to the following reasons. First, it is due to the use of complex, professional language
reflecting the depth of Chinese culture and thorough ESG consideration. Companies
that create detailed, comprehensive reports show a strong commitment to sustainability,
positively affecting their ESG ratings. Second, firms with higher ESG scores often use
sophisticated language to enhance their sustainability image. Reports with lower readability
typically contain intricate vocabulary, jargon, and detailed explanations, indicating a deeper
understanding of ESG issues and potentially leading to higher scores.

Table 6. Regression results of report communication style.

(1) (2) (3) (4) (5) (6)
MSCI(t+1) FTSE(t+1) SNSI(t+1) MSCI(t+1) FTSE(t+1) SNSI(t+1)

READABILITY 0.1312 * 0.0988 * 0.1055 ** TONE −2.1507 −5.2704 * 4.9089 ***
(1.9882) (2.2135) (3.0837) (−0.8062) (−2.1625) (3.4740)

MSCIt 0.8352 *** MSCIt 0.8372 ***
(47.8215) (47.8154)

FTSEt 0.8496 *** FTSEt 0.8532 ***
(33.0744) (33.9422)

SNSIt 0.5275 *** SNSIt 0.5261 ***
(54.3936) (54.0718)

INTERCEPT −24.6719 *** −20.1288 *** 8.3913 ** INTERCEPT −21.6940 ** −14.8613 * 5.8855 *
(−3.3134) (−3.3049) (3.0205) (−2.8497) (−2.4188) (2.0116)

CONTROL YES YES YES CONTROL YES YES YES

YEAR YES YES YES YEAR YES YES YES

INDUSTRY YES YES YES INDUSTRY YES YES YES

NUMBER 1349 957 8334 NUMBER 1349 957 8334

Adj. R2 0.8221 0.8142 0.4265 Adj. R2 0.8217 0.8181 0.4306

Note: Year and Industry represent fixed year and industry effects. “YES” indicates that the variable is controlled.
* p < 0.1, ** p < 0.05, *** p < 0.01.

Regarding the attribute of TONE, the three rating agencies exhibit completely different
reactions. Our sample finds no significant relationship between TONE and MSCI ratings.
However, both FTSE and SNSI ratings show significant relationships with TONE, but
with opposite coefficients. Specifically, TONE is negatively correlated with FTSE ratings
but positively correlated with SNSI ratings. This means that a more positive tone may
lower FTSE’s future ESG ratings while increasing SNSI’s ratings. These results can be
attributed to the different evaluation standards of the three agencies. MSCI focuses more on
data-driven and quantitative analysis, resulting in no significant relationship with TONE.
FTSE might prioritize risk signals conveyed in the tone, viewing positive tones as attempts
to obscure potential issues, leading to a negative correlation. Conversely, SNSI is likely
more sensitive to the commitment and confidence expressed in the tone, resulting in a



Sustainability 2024, 16, 9270 12 of 20

positive correlation. Additionally, the evaluation of Chinese texts and companies introduces
a cultural dimension. FTSE, as a foreign institution, may misinterpret positive tones in
Chinese reports as overly optimistic or lacking in substance, hence giving lower scores.
In contrast, SNSI, being a domestic agency, has a better understanding of the nuances
of Chinese language and culture, allowing it to accurately interpret positive tones, thus
awarding higher scores [61].

Specificity—Boilerplate and Redundancy. Our study includes two variables that mea-
sure the specificity or customization of text: BOILERPLATE and REDUNDANCY. These
variables assess whether a particular text contains customized and specific information.
According to Table 7, the analysis of these two variables reveals some interesting findings.
First, for BOILERPLATE, we find a significant positive correlation only with FTSE rat-
ings. This suggests that standardized writing templates or boilerplate language positively
influence FTSE’s evaluation system, while it does not affect the ratings of other agencies.

Table 7. Regression results of report specificity.

(1) (2) (3) (4) (5) (6)
MSCI(t+1) FTSE(t+1) SNSI(t+1) MSCI(t+1) FTSE(t+1) SNSI(t+1)

BOILERPLATE −2.8189 4.1325 * −1.8776 REDUNDANCY 3.0315 12.5737 27.9223 **
(−1.1765) (2.0922) (−1.4855) (0.1871) (0.8419) (3.2428)

MSCIt 0.8382 *** MSCIt 0.8384 ***
(48.3312) (48.2555)

FTSEt 0.8568 *** FTSEt 0.8567 ***
(34.3235) (34.2080)

SNSIt 0.5277 *** SNSIt 0.5275 ***
(54.3941) (54.2678)

INTERCEPT −22.3310 ** −19.9159 ** 9.7917 *** INTERCEPT −23.0659 ** −18.4850 ** 9.5876 ***
(−2.9706) (−3.2535) (3.4888) (−3.0761) (−3.0702) (3.4431)

CONTROL YES YES YES CONTROL YES YES YES

YEAR YES YES YES YEAR YES YES YES

INDUSTRY YES YES YES INDUSTRY YES YES YES

NUMBER 1349 957 8334 NUMBER 1349 957 8334

Adj. R2 0.8217 0.8140 0.4259 Adj. R2 0.8215 0.8133 0.4265

Note: Year and Industry represent fixed year and industry effects. “YES” indicates that the variable is controlled.
* p < 0.1, ** p < 0.05, *** p < 0.01.

Second, regarding REDUNDANCY, we discover a significant positive correlation only
with the ratings of the domestic agency—SNSI, with no impact on the two international
rating agencies. This discrepancy may be due to differences in how machines and humans
read information. As Loughran and McDonald (2016) point out, using parsing programs
to read text content has problems, such as the reliance on consistent text structure and
markup language. The lack of structural anchors in documents, often correlated with
firm size and time period, can lead to systematic mismeasurement rather than random
noise [1]. This issue can result in the inaccurate extraction of valuable information from texts.
Compared to international agencies, domestic agencies like SNSI are more likely to extract
useful information from what software might consider redundant content, highlighting the
advantage of local expertise [61].

Robustness Check. We undertake further robustness checks to explore potential bias
in textual attribute measurement. Particularly, we note that unlike English, there is no
definitive approach for measuring the readability of Chinese text. We experiment with
three alternative readability measures, as described in Equations (A2). All the results still
hold. In this study, we conduct a multicollinearity test and find that the variance inflation
factors (VIFs) of the regressions are all less than 10, indicating that the regressions are not
affected by multicollinearity.
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5. Discussion

Main Findings. Our study reveals several key insights regarding the textual attributes
of sustainability reports and their impact on ESG ratings. By examining over a decade of
reports from Chinese public firms, we provide a historical perspective on how reporting
practices have evolved in response to regulatory changes and stakeholder demands. We
identify significant associations between the length and completeness of reports with
ESG ratings across all three agencies (MSCI, FTSE, and SNSI). Specifically, longer and
more comprehensive reports consistently receive higher ESG ratings, indicating a shared
valuation standard among both international and domestic rating agencies for detailed and
thorough disclosures.

These findings have important financial implications. Detailed and transparent sus-
tainability reports can positively influence a company’s financial standing by enhancing
investor confidence and reducing the perceived risk. This, in turn, can lead to lower capi-
tal costs and better stock performance. Conversely, reports with low readability or high
redundancy can obscure important information, leading to increased uncertainty and po-
tentially higher capital costs. This underscores the need for firms to prioritize high-quality
disclosures to achieve better financial outcomes.

In contrast, we observe divergent reactions to other textual attributes such as tone,
boilerplate language, and redundancy. For instance, FTSE ratings are positively influenced
by the use of boilerplate language. This suggests that FTSE views standardized and
consistent writing favorably, possibly interpreting it as a sign of professionalism and clarity.
Conversely, SNSI ratings are positively influenced by redundancy. This indicates that
the domestic agency may perceive repetitive information as a sign of thoroughness and
reliability, reflecting a more meticulous approach to reporting.

These discrepancies in the impact of textual attributes can be attributed to the dif-
ferences in evaluation criteria and cultural contexts between international and domestic
agencies. International agencies like FTSE may prioritize clarity and consistency to facilitate
comparability across global firms, while domestic agencies such as SNSI might value the
detailed and repeated information that aligns with local expectations of comprehensive dis-
closure. This divergence highlights the importance for firms to understand and adapt to the
specific preferences and standards of different rating agencies to effectively communicate
their sustainability efforts and enhance their ESG ratings.

Additionally, our analysis of readability reveals an intriguing insight specific to Chi-
nese texts. Lower readability is associated with higher ESG ratings. This result contrasts
with studies focusing on English texts, where higher readability typically correlates with
better ratings. The unique structure and complexity of the Chinese language, which often
employs intricate and professional terminology, may convey a deeper commitment to ESG
issues, thus positively impacting ratings.

Contributions. This research makes significant contributions to the field of corporate
communication and ESG ratings. First, our study is groundbreaking in its comprehensive
analysis of the evolution of textual attributes in sustainability reports across the entire
Chinese market. By examining over a decade of reports, we provide a historical perspective
that illuminates the dynamic interaction between corporate reporting practices and market
expectations. This longitudinal approach offers deep insights into how Chinese firms have
refined their communication strategies in response to evolving regulatory pressures and
stakeholder demands.

Second, by focusing on the most widely recognized textual attributes and their re-
lationship with ESG ratings, our research offers practical implications for both corporate
disclosure strategies and policy development. The identified attributes—length, readability,
tone, boilerplate language, redundancy, and completeness—serve as critical indicators of
report quality. Our findings suggest that companies aiming to improve their ESG ratings
should prioritize producing detailed, comprehensive, and well-structured reports. This
insight is invaluable for firms seeking to enhance their sustainability communication and
for policymakers aiming to establish effective reporting standards.
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Third, our study highlights the divergent responses of international and domestic
rating agencies to textual attributes, providing empirical evidence of the varying standards
and evaluation criteria used by different agencies. This discovery underscores the complex-
ity of the ESG rating landscape and the need for companies to tailor their reporting practices
to meet diverse stakeholder expectations. Furthermore, our findings support Loughran
and McDonald’s argument that machine-based textual analysis can lead to significant
errors. The inconsistency in how different agencies interpret redundancy and boilerplate
language, particularly between machine-based and human evaluations, highlights the limi-
tations of relying solely on automated text analysis tools. This revelation calls for a more
nuanced approach that combines machine efficiency with human judgment to accurately
assess the quality of sustainability reports. Overall, our research not only advances the
understanding of the role of textual attributes in sustainability reporting but also provides
actionable guidance for improving corporate disclosure practices and developing more
effective regulatory frameworks.

Limitations and Future Research Directions. While our study offers important insights,
it also has limitations. First, the focus on Chinese firms means our findings may not be
directly applicable to companies in other countries with different regulatory environments
and cultural contexts. Firms operating in diverse regulatory systems, such as those in the
European Union or North America, may face distinct pressures and expectations in their
sustainability reporting. Future research could extend this study by analyzing firms from
various regions to validate whether similar textual attributes yield comparable impacts
on ESG ratings across different regulatory and cultural settings. Second, our reliance on
computational linguistics to analyze textual attributes may not capture the full complexity
and nuance of sustainability reports. Although automated text analysis provides efficiency,
it may overlook important qualitative insights, such as narrative style, corporate strategy
context, or the use of subtle language cues that can only be fully appreciated through
manual analysis. Future research could integrate more sophisticated machine learning
techniques, natural language processing advancements, and qualitative methods to enhance
the depth of analysis and provide richer interpretations of sustainability disclosures. Third,
the study’s cross-sectional design limits our ability to infer causality between textual
attributes and ESG ratings. Longitudinal studies that track changes in both ESG ratings
and corporate reporting practices over time could offer deeper insights into how shifts in
textual attributes influence ESG performance. Additionally, examining the role of external
factors, such as regulatory changes or investor demand, in shaping these attributes would
be valuable for understanding their broader impact on corporate sustainability.

Implementable Policy Recommendations

The findings of this research offer several actionable recommendations for policy-
makers, regulators, and firms aiming to improve the quality of sustainability reporting
and its impact on ESG ratings. First, regulatory bodies should consider establishing clear
guidelines on the desired textual attributes in sustainability reports, such as completeness,
clarity, and tone. Policymakers could mandate that companies provide a minimum level
of detail, including the disclosure of key ESG metrics and the specific actions taken to
address sustainability goals. Such guidelines would help harmonize reporting practices
and ensure that firms provide comprehensive, transparent, and comparable disclosures.
Second, given the divergent responses from international and domestic rating agencies
to certain textual attributes (e.g., tone, boilerplate language), regulators could work to-
ward promoting greater standardization in ESG evaluation criteria. This would reduce
discrepancies in how agencies interpret corporate disclosures and make it easier for firms to
align their reports with global standards, improving their overall ESG ratings. Third, while
machine-based textual analysis is efficient, its limitations suggest the need for incorporating
human judgment in assessing the quality of corporate reports. Policymakers and firms
should consider hybrid evaluation models that combine the speed of automated tools with
human expertise to ensure more accurate and comprehensive assessments of sustainability
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disclosures. Finally, governments and regulatory bodies could introduce incentives for
firms that produce high-quality, detailed, and transparent sustainability reports. For exam-
ple, companies that demonstrate a clear commitment to comprehensive reporting could
receive favorable treatment in public procurement processes or have access to sustainable
finance mechanisms.

6. Conclusions

Our study provides a comprehensive longitudinal analysis of the evolution of textual
attributes in sustainability reports based on a full sample of data from Chinese firms, re-
vealing significant historical trends in reporting practices. By examining various textual
attributes and their association with ESG ratings, we underscore the critical impact these
attributes have on ESG evaluations. The analysis clearly shows that the length and com-
pleteness of sustainability reports significantly influence ESG scores for both international
and domestic agencies, reflecting a shared appreciation for detailed disclosures. However,
the differing reactions to attributes such as tone, boilerplate language, and redundancy
suggest variations in evaluation standards, methods, and value orientations between inter-
national and domestic rating agencies. These findings highlight the importance of firms
tailoring their sustainability disclosures to align with diverse stakeholder expectations
and evaluation criteria. This research enhances our understanding of the intricate relation-
ship between corporate communication practices and ESG performance, offering valuable
insights for improving sustainability reporting and achieving better ESG ratings.

Author Contributions: J.H.: conceptualization, writing—original draft preparation, supervision,
writing—review and editing, funding acquisition. D.D.W.: writing—review and editing, supervision.
Y.W.: software, formal analysis, writing—original draft preparation. All authors have read and agreed
to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China (Grant No.
72002140) and Academic Innovation Team of Capital University of Economics and Business (Grant
Number: XSCXTD202404).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

Appendix A

Calculation of textual attributes

LENGTH. Li (2008) [4] suggested utilizing the number of words within a given text
as a metric for measuring its LENGTH. This practice is widely adopted in the fields of
linguistics and natural language processing. Given the linguistic characteristics of Chinese
characters, we substitute characters for words. In the context of sustainability reporting,
we propose to define a report’s LENGTH as follows:

LENGTH = ln (the number o f characters) (A1)

Assuming all else to be equal, longer documents are presumed to incur higher
information-processing costs, making them appear more daunting and challenging to
read. As the numerical value increases, so does the LENGTH of the text, exacerbating these
barriers to comprehension.

READABILITY. This paper employs a Chinese readability index similar to the Fog
index for English as a measure of sustainability report readability. The readability index
takes into account two factors: the number of characters per sentence (long sentence or short
sentence) and the ratio of complex words (long words or long idioms). We have devised
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four computation equations for the READABILITY by taking into account the variations in
sentence structures and lexical classifications. By doing so, we can more effectively assess
the intricacy of written materials. Following the computation of the aforementioned four
indices, it has come to our attention that the outcomes display negligible disparity.

Consequently, we have elected to adopt the first index as our criterion for assessing
the readability of this manuscript. This first counts the number of characters and long
sentences (with sentences containing more than 15 characters). Next, one calculates the
average number of characters per long sentence. Then, one calculates the percentage of
long words with four or more characters. Here, NCharacters represents the total number
of characters. Finally, these values are used to calculate the READABILITY. Therefore, we
obtain READABILITY using the following formula:

READABILITY =

(
the number o f characters per long sentence +

long words
NCharacters

)
× 0.4 (A2)

A lower READABILITY indicates easier readability, while a higher READABILITY
suggests that the text is more difficult to read. By providing a quantifiable measure of
complexity, it allows readers to better understand and engage with the text. It is a widely-
used formula that can be easily applied to assess the readability of any document.

TONE. We gauge the TONE of sustainability reports by identifying positive and
negative words, which are used to construct a sentiment lexicon for analysis. We employ
machine learning classifiers through the analysis feature of SnowNLP to determine the
overall sentiment tendency of each report. SnowNLP is a natural language processing
toolkit for Chinese text that offers a straightforward and efficient approach to sentiment
analysis using a pre-defined sentiment lexicon [66]. The lexicon comprises sentiment words
with their corresponding polarity values (i.e., positive or negative). To prepare for tone
analysis, we gathered content pertaining to social responsibility and ESG and developed a
customized lexicon. This paper outlines the calculation process for the TONE.

First, each sentence is firstly segmented into individual words, after which the senti-
ment lexicon is utilized to match these words and compute the overall sentiment polarity
score of the sentence. The Chinese word segmentation module, “jieba”, was employed to
segment the entire text contents of the sustainable development reports. We compiled a list
of words based on existing lexicons. Second, for each word, the corresponding sentiment
value is looked up in the sentiment lexicon. If the word is found in the sentiment lexicon,
its corresponding sentiment value is retrieved; otherwise, it is considered as a neutral word
(with a sentiment value of 0). Third, all sentiment values of the words are accumulated
to obtain the overall sentiment value of the text. Finally, based on the polarity (positive
or negative) of the sentiment value, the sentiment orientation of the text is determined. A
positive value indicates a positive sentiment, while a negative value indicates a negative
sentiment. The positive or negative sentiment score S(ti) is shown in the following formula:

S(t) = ∑n
i=1 w(di)∗p(di) (A3)

Text score, on the other hand, is a metric commonly employed in sentiment analysis
that measures the degree of positivity or negativity conveyed by a text. The text score
ranges between −1 and 1, where a score closer to 1 reflects a more positive TONE, while a
score closer to −1 suggests a more negative TONE.

BOILERPLATE. A search of the text in sustainable development reports was conducted
using a trained list of boilerplate words to identify key template words. The resulting
ratio of boilerplate words was subsequently calculated based on this analysis. The term
“boilerplate words” refers to the number of words in a sentence that contain at least 75% of
at least one four-character phrase shared by all companies within a given fiscal year.

To calculate the ratio of boilerplate words, the N-gram model used by Lang and
Stice-Lawrence (2015) [67] can help. We initially count all four-character groups in each
document within the sample to identify sample disclosures. We then sum these counts by
country, considering only four-character groups that occur in at least 30% of documents in
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a country or at least five times per document on average. Furthermore, these groups are
further analyzed in sample tests performed at the country level or for the entire sample.

Next, we mark sentences containing four-character groups that occur in at least 60% of
the documents in the company’s home country. This is because these phrases are unusually
common and potential templates. We exclude common and regulatory phrases, as well
as phrases that are common in the documents. This is done to ensure that only relevant
information is used for analysis.

Finally, we identify the sample by excluding sentences containing common four-word
groups that appear in more than 80% of the sample documents in the countries from
which a document was extracted or in at least 75% of the documents in the entire corpus
of documents from all our countries. The calculation formula for the ratio of boilerplate
words is:

BOILERPLATE =
boilerplate words

total words
(A4)

In conclusion, our methodology provides an effective way to measure the proportion
of boilerplate words in corporate documents.

REDUNDANCY. Redundant words are defined as the number of words in a sentence
that are repeated word-for-word in other parts of the text. In order to calculate the ratio
of redundant words in a sustainable development report, an approach was used where
each instance of verbatim repetition of a sentence was evaluated. Specifically, the number
of words in the repeated sentence was multiplied by the number of times it was repeated
and summed across all instances of verbatim repetition within the text. For example, if the
sentence “The data in the chart is accurate” was repeated three times in the report, the word
count of this sentence would be multiplied by three and added to the total for the analysis.

To perform this calculation, one possible method is to generate the corresponding
string for each sentence in a document, sort these strings, and then traverse them to identify
redundant words. The calculation formula for REDUNDANCY is:

REDUNDANCY =
redundant words

total words
(A5)

COMPLETENESS. In sustainability reporting, the completeness of text attributes is
critical in ensuring that all the necessary information is captured without missing parts or
empty values [68]. One approach to evaluating the completeness of sustainability reports
is through examining the disclosure of information on the United Nations Sustainable
Development Goals (SDGs). Two indicators—the number and coverage rate of SDGs
mentioned in the text—can be used to assess the diversity of information included in
the report.

To evaluate the completeness of information disclosure in sustainability reports, we
examined the extent to which the SDGs were mentioned in the text. Specifically, we counted
the number of SDGs mentioned and calculated their coverage rate. The number of SDGs
in a sustainability report was counted using the keyword search method. The calculation
formula for completeness is:

COMPLETENESS = the number o f SDGs disclosed (A6)

Overall, the completeness of text attributes is an essential component of sustainability
reporting. By focusing on the SDGs, organizations can ensure that they are covering
a diverse range of sustainability topics and disclosing all the necessary information to
stakeholders. To improve completeness, organizations should strive to include all 17 SDGs
and their corresponding targets in their sustainability reports.
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