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Abstract: In this study, we investigate the effects of mandatory social and environmental regulations
(MSER) on firm innovation. In 2008, the Shanghai and Shenzhen Stock Exchange in China published
regulations that mandate some public firms to disclose their social and environmental governance
information in their annual reports. As the MSER apply only to selected firms, this provides an ideal
setting for us to observe the effects of MSER on firm innovation. Using a difference-in-differences with
propensity-score-matching methodology, we find that the treatment firms experience a significant
increase in innovation in terms of the number of total patents and invention patents. More importantly,
we further explore three possible mechanisms underlying this association, that is, the corporate
social responsibility (CSR)-improving effect, information-disclosing effect, and market-reaction effect,
and demonstrate that this positive relationship is mainly driven by the CSR-improving effect and
market-reaction effect, manifesting in an improvement in CSR performance and a decline in transient
institutional investors for the treatment firms, respectively.
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1. Introduction

Corporate social responsibility (CSR) has become an important topic that has attracted
significant attention not only from academic scholars but also from business practitioners
and governments. For example, Europe enacted the Non-Financial Reporting Directive
(NFRD) in 2014, which requires public companies with more than 500 employees to disclose
the methods through which they manage social and environmental challenges [1]. The
Indian government passed a new law that requires specific firms (according to firms’
profitability, net worth, and size) to spend at least 2% of their net income on CSR each
year [2]. In China, in 2008, the Shanghai Stock Exchange (SSE) and Shenzhen Stock
Exchange (SZSE) published regulations that mandate some public firms to disclose their
social and environmental governance information in their annual reports. Previous studies
have examined the effects of mandatory social and environmental regulations (hereafter,
MSER) on business operations such as firm performance, shareholder value, and CSR
expenditure [2–5].

However, we have little knowledge about how the MSER have impacted firms’ other
important activity—innovation. Innovation is a dominant corporate strategy that boosts
long-term growth and enhances sustainable competitiveness [6,7]. In 2018, PwC surveyed
1000 public firms around the world and found that these firms spent a total of USD
782 billion on innovation activities [8]. Moreover, a report suggests that innovation-related
activities account for around 50% of a country’s total GDP growth, with their effects varying
depending on the level of economic development and the phase of the economic cycle
of each country [9]. Accordingly, it is necessary and paramount to investigate whether
firm innovation activities are affected by the local government’s sudden implementation
of MSER.

The relationship between MSER and firm innovation is not immediately clear. On the
one hand, such mandatory regulations may lead to a reduction in investment in innovation

Sustainability 2022, 14, 16275. https://doi.org/10.3390/su142316275 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su142316275
https://doi.org/10.3390/su142316275
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://doi.org/10.3390/su142316275
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su142316275?type=check_update&version=1


Sustainability 2022, 14, 16275 2 of 17

activities, especially for small- and medium-sized enterprises (SMEs). This is because
the affected firms may allocate parts of their available funding, which could be used on
innovation projects, to investment in social and environmental governance, thereby causing
a decline in the innovation activities. For SMEs whose financial resources are limited [10],
their R&D expenditures would rapidly shrink once they are forced by the government
to conduct environmental and social activities. On the other hand, MSER may also in-
crease innovation. First, the improvement in CSR performance driven by the regulations
may enhance employees’ satisfaction, teamwork, and innovative productivity (i.e., CSR-
improving effect), which consequently sparks innovation output [11,12]. Second, disclosing
non-financial information allows a firm to increase its transparency and reduce uncertainty
and information costs (i.e., information-disclosing effect), thereby possibly prompting firm
innovation [13–15]. Third, MSER may encourage innovation by reducing the pressures on
managers to pursue short-term benefits [16–19], as myopic investors treat these regulations
as a negative sign and escape from these firms (i.e., market-reaction effect) [2,3]. Therefore,
we attempt to answer the following questions in this study:

• RQ1: How do mandatory social and environmental regulations influence corporate
innovation?

• RQ2: What are the underlying mechanisms that drive this relationship?

A Chinese policy provides an ideal setting to identify the causal effect between MSER
and firm innovation. At the end of 2008, the SSE and SZSE announced regulations that
require certain firms to disclose social and environmental governance information. Since
the regulations were unexpected for Chinese firms and only covered some public firms,
this provides a quasi-experimental context that can help us accurately estimate the impact
of MSER. We leverage this exogenous variation and adopt difference-in-differences with
propensity-score matching (DID-PSM) to identify the impact of MSER on firm innovation.
We found that MSER led to a significant increase in the firm innovation output measured
by the number of patents in the post-regulation period. Specifically, the treatment firms
experienced a higher innovation output than the control firms by 19.7% three years after
the regulations. The results also revealed that the number of invention patents that were
more innovative and original from the treatment firms significantly increased following
the regulations, relative to the control firms. Thus, the increase suggests a positive impact
on innovation quality. The findings hold up to a variety of robustness checks.

To understand the underlying mechanisms of this association further, we explored the
three possible channels proposed above. First, we examined whether CSR performance
of the treatment firms was enhanced after the regulations. Prior studies have suggested
that the improvement in CSR performance would facilitate firm innovation by increasing
the work atmosphere and employee satisfaction [11,12,20]. Our regression results revealed
that the CSR performance of the treatment firms increased significantly compared to the
control firms. Thus, this supports the mechanism of the CSR-improving effect. Second, we
examined whether the information asymmetry of the treatment firms declined after the reg-
ulations. MSER may reduce firms’ environmental uncertainty and information asymmetry
by disclosing more information to stakeholders, thereby eliminating the transaction costs
to prompt innovation [15,21]. Ref. [13] also documented that high transparency (i.e., low
uncertainty and information asymmetry) facilitates innovation by reducing information
costs. If a firm becomes more transparent, an analyst’s forecast will be more accurate [22].
Therefore, we adopted the analysts’ forecast errors to capture the information asymmetry.
The results showed that these errors did not drop significantly for the treatment firms after
the regulations, thus suggesting that the positive effect of the regulations on innovation was
not driven by the information-disclosing effect. Last, we examined whether the pressures
on managers to reap short-term benefits were reduced after the regulations. The extant
literature documents that the pressures on short-term benefits from institutional investors
stifled firm innovation [16–19]. Accordingly, we explored how institutional ownership
changed when firms were affected by MSER. Our regression results indicated that in-
stitutional ownership declined significantly for the treatment firms after the regulations.
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Thus, this supports the market-reaction effect. In sum, these results revealed that the
effects of MSER on firm innovation were primarily driven by the CSR-improving effect and
market-reaction effect.

This study is mostly related to Hong et al. [23] and Mbanyele et al. [24] who investi-
gated the impact of mandatory CSR disclosure on firms’ green innovation. Although their
research provided us with initial insight into the relationship between MSER and green
innovation, we do not know how much MSER have impacted firms’ whole innovation
activities (e.g., non-green innovation). Moreover, previous research did not address why
these types of regulations would impact firm innovation activities and output. Accordingly,
this study contributes to the literature by examining the impact of MSER on firms’ whole
innovation output and also provides deeper insights into the underlying mechanisms that
explain why the regulations would impact innovation activities.

2. Literature Review
2.1. Government Policy and Corporate Innovation

Our research is related to the literature about how macro country characteristics, such
as laws and policies, affect corporate innovation. Conventional policies, such as intellectual
property protection [25–27], bankruptcy laws [28,29], universal demand laws [30–32],
internet blockade orders [33], emissions trading scheme pilots [34], and antitrust laws [35],
have been well studied. Recently, a growing number of studies have focused on the policies
that aim to protect the interests of employees and investigated how these laws affect
the incentives to innovate [36]. For example, ref. [37] estimated the impact of wrongful
discharge laws, which protect employees against unjust dismissal, on innovation. Using
the staggered adoption of wrongful discharge laws across U.S. states, they found that the
laws indeed had a positive impact on innovation and new firm creation. Ref. [38] revealed
a positive causal effect between the passage of smoke-free laws, which banned smoking in
workplaces, and corporate innovation measured by patents and patent citations. Ref. [11]
examined the effect of state-level stakeholder orientation policies, known as constituency
statutes, which allow directors to consider the interests of stakeholders such as employees
when making business decisions, on firm innovation. Although prior studies have focused
on employee protection laws, the direct effect of MSER on innovation remains unclear.

2.2. Mandatory Non-Financial Disclosure

The last strand of literature is related to mandatory non-financial disclosure. Non-
financial disclosure usually refers to the disclosure of CSR- or ESG-related reports. Research
on accounting has demonstrated that voluntary non-financial disclosure reduces firms’ cost
of equity capital, finance, and information asymmetry [22,39,40]. Although an increasing
number of firms are willing to disclose non-financial information, a large proportion of
companies are still averse to such disclosures. Therefore, several countries and regions
have passed laws to mandate public firms to disclose their non-financial information.
Ref. [41] investigated the stock market reaction to the passage of the NFRD in Europe
and documented that the market reacts negatively to these types of events on average.
Ref. [5] examined the impact of mandatory CSR reporting regulations on firms’ disclosure
practices and valuations using a sample from Denmark, Malaysia, China, and South Africa.
They revealed that the disclosure behavior and Tobin’s Q of the affected firms increased
following the regulations. Similarly, ref. [3] examined whether mandatory CSR disclosure
impacted firms’ performance and social externalities and observed that the treatment firms
experienced a significant decrease in profitability subsequent to the regulations. However,
the extant literature did not document the association between mandatory CSR reporting
and corporate innovation, which is important for policymakers and firms’ managers
considering the role of innovation. Therefore, this study contributes to this literature by
examining the impact of MSER on innovation.
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3. Data and Methodology
3.1. Background

In China, the SSE announced on 30 December 2008 that firms listed in its “Corporate
Governance Index” were required to disclose social and environmental governance infor-
mation in their annual reports beginning in 2008. On 31 December 2008, the SZSE also
released a similar announcement that required all firms on its “Shenzhen 100 Index” to
disclose social and environmental governance information. Given that the SSE and the
SZSE are owned by the Chinese government, the announcements were consistent with
the regulations published by the government. Specifically, the SSE Corporate Governance
Index consists of 230 listed companies that use best governance practices, which are usually
reflected in the total market value, free-float market value, and share turnover. Similarly,
the SZSE 100 index is composed of the top 100 listed firms in terms of market value, free-
float market value, and share turnover. Although the regulations only required the affected
firms to disclose social and environmental governance information, prior research shows
that the regulations have led to substantial changes in firms’ activities such as environmen-
tal improvements [3] and increases in CSR expenditure [4]. Moreover, this requirement is
mandatory for these firms. Accordingly, we leverage this exogenous variation to investigate
the impact of mandatory social and environmental regulations on firm innovation. Consid-
ering the rules of the SSE Corporate Governance Index and SZSE 100 Index, the treatment
firms in our research cannot be randomly assigned. Therefore, to mitigate this concern, we
refer to the identification strategy that has been widely used in previous research [3,4,42]
and utilize DID-PSM methodology to identify the impact of MSER.

3.2. Data

The sample consists of all A-share firms listed on the SSE and the SZSE from 2006
to 2011. We first excluded firms pertaining to financial service industries (i.e., banking
and insurance industries), given that these firms are subject to different regulations. Next,
we excluded firms that had non-positive shareholders’ equity in our sample period be-
cause these firms do not have a normal operating environment. Moreover, a few firms
that voluntarily disclosed social and environmental governance information before the
announcement of the regulations were dropped from our sample, as this study mainly
focuses on the influence of mandatory regulations on firm innovation. Finally, we removed
firms that only appeared in the pre-regulation or post-regulation periods. Table 1 presents
the steps for organizing data. The above selection criteria yielded an initial sample of
6670 firm-year observations (1145 unique firms), where the treatment group consisted
of 1595 firm-year observations representing 267 treatment firms and the control group
consisted of 5075 firm-year observations representing 878 control firms. We obtained
the firm-level financial information from the China Securities Markets and Accounting
Research (CSMAR) database.

Table 1. The Processes of Data Organization.

Process Observations

Step 1 Exclude firms pertaining to financial service industries; 10,596
Step 2 Exclude firms that have non-positive shareholders’ equity; 9812

Step 3 Drop firms that voluntarily disclose social and environmental
governance information; 7762

Step 4 Remove firms that only appear in the pre-regulation or
post-regulation periods. 6670

Note: The observations in the initial sample size were 10,787.

3.3. Variable Measurement

Dependent Variables. To measure firm innovation, we followed common practices in
the innovation literature and constructed the metrics, e.g., in [11,13,14,16]. First, we used
the patent-based measure to capture the corporate innovation output, that is, the natural
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logarithm of one plus the number of patents that the firm has filed (LnPatents). More
precisely, this variable only counts the annual number of filed patent applications that were
eventually granted. As China’s State Intellectual Property Office (SIPO) does not require
the citation of all related patents when applying for a patent, Chinese patent filing has a
well-known problem, that is, a lack of patent citation information [27,34,43], Accordingly,
we used the natural logarithm of one plus the number of invention patents (LnInventions),
which are more innovative and original, to reflect the quality of the innovation output.

Following the practices used in previous innovation research [27,34,43], we combined
the number of invention and utility patents as the firm’s innovation output. We collected the
number of patents for all public firms from the CSMAR database. In total, 108,969 patents
were filed in the sample period including 48,663 invention patents and 60,306 utility patents.

Control Variables. In our regression model, we referred to prior research to control
for a vector of firm-level characteristics that may influence innovation [11,16]. All control
variables were collected from the CSMAR database. Specifically, we controlled forfirm size,
firm age, return on assets (ROA), leverage, cash holdings, and R&D intensity. Firm size is the
natural logarithm of total assets. Firm age is the natural logarithm of the number of years
since the firm’s inception. ROA is the ratio of net income to total assets. The leverage
ratio is the total liabilities divided by the total assets. Cash holdings is the ratio of cash
to total assets. R&D intensity is calculated as the R&D investment, which is collected
from the annual report of each firm, scaled by the total assets. To control for outliers, we
winsorize all continuous control variables at the 1st and 99th percentiles of their empirical
distributions, i.e., data above (below) the 99th (1st) percentile are set to the 99th (1st)
percentile. The definitions of all variables used in this paper are presented in Table A1.

3.4. Methodology

Difference-in-Differences. To explore how MSER affect firm innovation, we adopted
a DID approach based on the exogenous regulations in China. The logic here was to
compare the relative difference between the treatment group and the control group before
and after the exogenous shock. One important presumption for this estimation is the
satisfaction of “parallel trends” between the treatment and control groups (we discuss this
later). In this way, we can control for unobservable sources of heterogeneity across groups.
If MSER facilitate firm innovation, we expect to observe that the difference in the increase in
innovation between the treatment and control firms was more salient in the post-regulation
period than in the pre-regulation period.

Given that the MSER were announced at the end of 2008 (30 December 2008 for SSH
and 31 December 2008 for SZSH), we set 2009 as the first year the policy began to influence
the treatment firms’ behavior. Thus, we selected 2009 to 2011 as the post-regulation period
and 2006 to 2008 as the pre-regulation period. We opted for a three-year window for two
reasons: (i) the range should not be too short because time is necessary to determine the
effect of the event on the innovation outputs; and (ii) it should not be too long to avoid
confounding events. We also varied the length of the observation window in robustness
analyses. Our specification model is as follows:

Innovationit = α0 + α1Treated + α2Post + α3Treated × Post + γXit + Ij + εit, (1)

where i denotes firms; t denotes years; and j denotes industries. The dependent variable in
this model is our measure of a firm’s innovation output (i.e., LnPatents and LnInventions).
Treated is a dummy variable that is equal to one for the treatment firms and zero for the
control firms. Post is a dummy variable that equals one if a firm year belonged to the
post-regulation period (2009–2011) and zero if a firm year belonged to the pre-regulation
period (2006–2008). X is the vector of the control variables, which included firm size, firm
age, ROA, leverage, cash holdings, and R&D intensity. We also included the industry fixed
effects (Ij) to absorb the industrially time-invariant differences that were not captured by
firm characteristics. ε is the error term. To account for the serial correlation of the error
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term, we clustered standard errors at the firm level. The coefficient of interest is α3, which
measures the effect of MSER on innovation.

Propensity-Score Matching. To mitigate the differences between the treatment and
control firms, we generated a matched control sample using the PSM approach with respect
to the observed characteristics. The basic logic was that each treated firm was matched with
“control” firms, which were otherwise similar to the treated firm in terms of the propensity
for being treated. A matching method can reduce the bias between two groups and allow
for more accurate comparisons of innovation trends between the pre- and post-regulation
periods. This approach enabled us to make stronger causal claims about the effect of MSER
on firm innovation.

The PSM approach is based on the conditional probability of assignment to a particular
treatment given a vector of observed covariates [44]. We adopted a probit regression to
determine whether or not a particular firm was “treated” (included in the regulation list).
Specifically, we included the firm size, return on equity, share turnover, stock returns, state
ownership, and R&D intensity as the determinants that have been closely linked with
the entry of regulation lists [3,4]. We selected the pre-regulation period as the matching
window. Thus, all the covariates included in the probit regression were averages over
the pre-regulation period (2006–2008). Additionally, we incorporated the growth measure
of innovation (patent growth), which is measured by the growth ratio of the number of a
firm’s patents over the pre-regulation period, to ensure that the parallel trends assumption
was satisfied. We then used the one-to-two nearest-neighbor matching algorithm with
replacements to identify the control units. To ensure that the matching procedures improved
the balance, we compared the differences in the means between the treatment and control
firms (before and after matched) for these covariates. As shown in Table A2, the results
revealed that the PSM procedures effectively reduced the differences between our treatment
and control firms before the regulations. This procedure resulted in a matching sample
of 2958 firm-year observations, 1589 of which were treatment firm years and 1369 of
which were control firm years. Table A1 presents the distribution of the matched sample
firms across the industry. We found that most observations in our sample came from the
manufacturing industry, accounting for 54%, which is similar to the actual distribution of
Chinese public firms.

4. Results
4.1. Summary Statistics

Table 2 reports the descriptive statistics of the matched sample firms for the variables
used in our main regression and the corresponding correlation matrix. The first two rows
contain the main dependent variables, i.e., LnPatents and LnInventions. The average
number of patents (the raw value) was 16.02 before matching versus 29.39 after matching;
the average number of invention patents was 7.30 before matching versus 14.19 after
matching. The average number of invention patents (after matching) was smaller than
the average number of utility patents (14.19 vs. 15.19), thus suggesting that applications
for invention patents were harder to attain than utility patents [27]. As the correlation
matrix shows, firms with higher ROA, lower leverage, and more cash holdings were more
likely to invest in R&D; firms with a larger size, older age, and higher leverage had higher
innovation outputs, that is, a higher number of patents.

4.2. Main Results

We report the regression results of Equation (1) in Table 3. Columns 1–2 show the
regression results for the innovation outputs—LnPatents and LnInventions—respectively.
The coefficient of the interaction term, Treated × Post, is positive and statistically significant
in column 1, suggesting the positive impact of MSER on firms’ patent counts. In other
words, the treatment firms that were required to disclose social and environmental gover-
nance information experienced a striking increase in patents relative to the control firms.
The economic effect was also sizeable, that is, the number of patents for the treatment



Sustainability 2022, 14, 16275 7 of 17

firms increased by 19.7% three years after the regulations. Column 2 shows a positive
and significant coefficient and suggests that the number of invention patents increased by
16.6% for the treatment firms compared to the control firms. To mitigate concerns regarding
potentially omitted variables, we also performed an alternative specification that included
the firm and year fixed effects in our DID estimation. The inclusion of firm fixed effects can
rule out the interpretation from time-invariant firm characteristics; year fixed effects can
absorb common shocks into all firms in a given year. Columns 3 and 4 in Table 3 indicate
that our inferences remained unchanged with this alternative specification.

Table 2. Descriptive Statistics and Correlation Matrix (after Matching).

Mean S.D. Min Max 1 2 3 4 5 6 7

1 LnPatents 1.476 1.652 0.000 8.277 1
2 LnInventions 0.945 1.313 0.000 8.211 0.903 1
3 Firm size 22.272 1.109 19.272 24.813 0.264 0.260 1
4 Firm age 2.659 0.279 1.386 3.258 0.053 0.022 0.069 1
5 ROA 0.051 0.051 −0.179 0.197 0.010 0.045 −0.012 −0.106 1
6 Leverage 0.511 0.178 0.040 0.870 0.089 0.054 0.356 0.077 −0.439 1
7 Cash holdings 0.150 0.107 0.005 0.766 0.030 0.050 −0.120 −0.132 0.314 −0.313 1
8 R&D intensity 0.004 0.009 0.000 0.058 0.348 0.359 −0.025 −0.030 0.132 −0.078 0.117

N = 2958. The bold correlation coefficient represents p < 0.05.

We further assessed the dynamics of the treatment effect. To do so, we used 2008
as the benchmark year, Year (0), and replaced Post with five year dummies: Year (−2)
and Year (−1) for the two years prior to the regulations; Year (1), Year (2), and Year (3) for
the first, second, and third years after the regulations, respectively. We then made these
year dummies interact with Treated to capture the dynamic impact of the regulations on
firm innovation. As shown in Table 4, the coefficients of all pre-regulation dummies (i.e.,
Treated × Year (−2) and Treated × Year (−1)) were small and insignificant. This evidence
reassured us that this matched sample had no pre-existing trend. Thus, the parallel
trends were stratified. Moreover, we found that the effect became significant only two
years after the regulations, thus suggesting that the MSER took 24 months to translate to
higher innovative output, which is consistent with the innovation lag found in previous
studies [11,37]. Overall, our main results revealed that MSER in China had a significant
effect on firm innovation output. Specifically, the innovation quantity (i.e., total patents) and
innovation quality (i.e., the number of invention patents) experienced a striking increase
for the treatment firms.

Table 3. The Impact of MSER on Firm Innovation.

LnPatents LnInventions LnPatents LnInventions
(1) (2) (3) (4)

Treated × Post 0.197 *** 0.166 *** 0.214 *** 0.176 ***
(0.072) (0.060) (0.069) (0.058)

Treated 0.330 *** 0.235 ***
(0.094) (0.077)

Post 0.183 *** 0.324 ***
(0.063) (0.055)

Firm size 0.398 *** 0.356 *** 0.130 * 0.156 **
(0.058) (0.051) (0.078) (0.071)

Firm age 0.417 ** 0.187 1.137 ** 1.234 **
(0.181) (0.159) (0.573) (0.529)

ROA −0.248 0.038 0.337 0.312
(0.802) (0.723) (0.493) (0.417)
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Table 3. Cont.

LnPatents LnInventions LnPatents LnInventions
(1) (2) (3) (4)

Leverage −0.142 −0.131 0.159 −0.140
(0.288) (0.237) (0.231) (0.219)

Cash holdings −0.025 −0.019 0.184 0.115
(0.367) (0.323) (0.257) (0.217)

R&D intensity 29.520 *** 27.919 *** 6.222 ** 5.218 *
(5.654) (6.078) (2.970) (3.049)

Constant −8.836 *** −7.712 *** −4.643 *** −5.828 ***
(1.254) (1.107) (2.082) (2.004)

Industry fixed effects Yes Yes Yes Yes
Firm, year fixed effects No No Yes Yes

Observations 2958 2958 2958 2958
Adjusted R2 0.496 0.415 0.822 0.804

Note. This table reports the estimated coefficients and heteroskedasticity-adjusted robust standard errors clustered
at the firm level (in parentheses). Significance at * p < 0.1; ** p < 0.05; *** p < 0.01.

Table 4. The Dynamic Effects of MSER on Firm Innovation.

LnPatents LnInventions
(1) (2)

Treated 0.353 *** 0.253 ***
(0.103) (0.089)

Treated × Year (−2) −0.083 −0.028
(0.083) (0.070)

Treated × Year (−1) 0.010 −0.026
(0.074) (0.061)

Treated × Year (0) (Omitted)

Treated × Year (1) 0.113 0.076
(0.077) (0.066)

Treated × Year (2) 0.219 ** 0.183 ***
(0.087) (0.070)

Treated × Year (3) 0.194 ** 0.189 **
(0.097) (0.082)

Controls Yes Yes
Industry fixed effects Yes Yes
Observations 2958 2958
Adjusted R2 0.498 0.416

Note. The results of the year dummies are omitted for conciseness. This table reports the estimated coefficients
and heteroskedasticity-adjusted robust standard errors clustered at the firm level (in parentheses). Significance at
* p < 0.1; ** p < 0.05; *** p < 0.01.

4.3. Robustness Checks

Nonpatenting Firms. Our regression sample contained firms that did not file patents
throughout the sample period, which accounted for 18.7% of all observations. Therefore,
our results may have been affected by these nonpatenting firms. Although the inclusion of
firm fixed effects in previous analyses has helped to mitigate this concern, we re-estimated
our regression after excluding the nonpatenting firms. The results were unchanged (see
columns 1–2 in Table 5).

Alternative Observation Windows. In our main analyses, we adopted a three-year
observation window to observe the impact of MSER on innovation. In this part, we extend
our observation window to four or five years to verify whether our results were sensitive to
the selection of the observation window. As shown in Table 5, our results were robust in the
four- and five-year observation windows. Moreover, the coefficient of the interaction term,
Treated × Post, increased with the rise in the observation window. In particular, column 5
indicates that the number of patents for the treatment firms increased by 21.1% five years
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after the regulations, which was larger than the influence after four years (20.6%, column
3) and three years (19.7%, column 1). Similar to the total patents, the impact on invention
patents increased with the extension of the observation window (19.6%, 17.6%, and 16.6%
after five, four, and three years of the regulations, respectively). The evidence shows that
the influence of the MSER still existed after five years.

Table 5. Robustness Checks I—Changing Observation Window

Excluding Nonpatenting Firms Four Years after the Regulations Five Years after the Regulations

LnPatents LnInventions LnPatents LnInventions LnPatents LnInventions
(1) (2) (3) (4) (5) (6)

Treated × Post 0.152 * 0.141 ** 0.206 *** 0.176 *** 0.211 *** 0.196 ***
(0.083) (0.071) (0.074) (0.062) (0.075) (0.065)

Treated 0.349 *** 0.274 *** 0.272 *** 0.187 ** 0.256 *** 0.172 **
(0.114) (0.096) (0.098) (0.081) (0.098) (0.081)

Post 0.305 *** 0.129 * 0.172 *** 0.042 0.178 ** 0.039
(0.077) (0.069) (0.065) (0.058) (0.068) (0.060)

Controls Yes Yes Yes Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes Yes Yes

Observations 2406 2406 3345 3345 3821 3821
Adjusted R2 0.439 0.375 0.523 0.445 0.541 0.469

Note. This table reports the estimated coefficients and heteroskedasticity-adjusted robust standard errors clustered
at the firm level (in parentheses). Significance at * p < 0.1; ** p < 0.05; *** p < 0.01.

Alternative Matching Rules. In our main regression, we used the PSM approach
with a combination of one-to-two nearest-neighbor matching and replacement. Here, we
selected different matching rules to check the robustness of our findings. Table 6 presents
the corresponding results. First, we adopted different nearest-neighbor algorithms, i.e., one-
to-one nearest-neighbor matching and nearest-three-neighbors matching, to generate the
matched sample. Columns 1–4 indicate that the impact of MSER on the total number
of patents and invention patents was unchanged. Second, we set a caliper of 0.02 to the
one-to-two nearest neighbor because the propensity score between the matched pair may
have been too far even if we used the “nearest neighbor”. Common practice is to set the
caliper to a 0.25* standard error of the propensity score. However, the difference in the
propensity scores of all matched pairs in our sample was smaller than a 0.25* standard
error of the propensity score (0.07) using default one-to-two nearest-neighbor matching.
Therefore, we selected 0.02, a smaller and more restrictive rule, as the size of the caliper. As
shown in columns 5 and 6, our results were robust to this setting.

Table 6. Robustness Checks II—Alternative Matching Rules.

One-to-One Matching Nearest Three Neighbors Matching within Caliper

LnPatents LnInventions LnPatents LnInventions LnPatents LnInventions
(1) (2) (3) (4) (5) (6)

Treated × Post 0.173 ** 0.138 ** 0.178 ** 0.146 ** 0.195 *** 0.162 ***
(0.080) (0.066) (0.070) (0.059) (0.073) (0.061)

Treated 0.353 *** 0.258 *** 0.322 *** 0.239 *** 0.320 *** 0.230 ***
(0.107) (0.089) (0.088) (0.073) (0.094) (0.078)

Post 0.216 *** 0.100 0.217 *** 0.092 * 0.189 *** 0.063
(0.074) (0.065) (0.059) (0.052) (0.064) (0.056)

Controls Yes Yes Yes Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes Yes Yes

Observations 2477 2477 3318 3318 2910 2910
Adjusted R2 0.488 0.415 0.492 0.416 0.494 0.414

Note. This table reports the estimated coefficients and heteroskedasticity-adjusted robust standard errors clustered
at the firm level (in parentheses). Significance at * p < 0.1; ** p < 0.05; *** p < 0.01.
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Placebo Test. Here, we conducted a placebo test by replicating our analysis using a
fabricated shock [45]. We set 2007 as the time when the false “MSER” occurred. To avoid
“contamination” due to real treatment effects, we only used observations from 2006 to 2008
and supplemented the data on these observations from 2005 to construct balanced before-
and-after observation windows. Thus, in this placebo test, our pre-regulation period ranged
from 2005 to 2006, and the post-regulation period ranged from 2007 to 2008. This test can
help us to rule out alternative explanations caused by unobservable factors. As shown in
Table 7, the estimates for Treated × Post were all attenuated to zero and both coefficients
were insignificant, thus suggesting that our main findings were not attributable to any
unidentified factors.

Table 7. Robustness Checks III—Placebo Test (2005–2008).

LnPatens LnInventions
(1) (2)

Treated × Post 0.040 0.040
(0.070) (0.056)

Treated 0.265 *** 0.188 **
(0.092) (0.074)

Post 0.145 ** 0.102 *
(0.067) (0.057)

Controls Yes Yes
Industry fixed effects Yes Yes
Observations 1861 1861
Adjusted R2 0.385 0.310

Note. This table reports the estimated coefficients and heteroskedasticity-adjusted robust standard errors clustered
at the firm level (in parentheses). Significance at * p < 0.1; ** p < 0.05; *** p < 0.01.

5. Mechanisms

The above estimates indicate that MSER were associated with an increase in firm
innovation output, i.e., the number of patents and invention patents. In this section, we
explore the underlying mechanisms behind this association. Three potential channels
can explain why MSER influenced firm innovation activities: the CSR-improving effect,
information-disclosing effect, and market-reaction effect. Below, we discuss each channel
in detail and conduct estimates to verify them.

5.1. CSR-Improving Effect

First, we explored whether the CSR-improving effect was dominant in the impact
of MSER on firm innovation. An extensive body of literature has investigated the im-
pact of CSR on corporate innovation, and most studies showed that CSR performance
could facilitate firm innovation output [11,20]. For example, ref. [20] analyzed panel data
collected from firms in the S&P 500 and revealed that the improvement in corporate so-
cial performance was able to prompt firm innovation. Ref. [11] found that stakeholder
orientation that increased firms’ CSR performance sparked innovation by encouraging
experimentation (i.e., more tolerance of employees’ failures) and enhancing employees’
innovative productivity. In addition, ref. [12] demonstrated that firms with higher CSR
performance (e.g., better employee treatment schemes) produced more and better patents
by improving employee satisfaction and teamwork. Accordingly, the increase in innovation
for the treatment firms after the MSER were implemented may have been caused by the
improvement in CSR performance.

To test this conjecture, we collected the CSR performance data from the Environmental,
Social, and Governance (ESG) database of Bloomberg. The ESG dataset of Bloomberg
offers ESG metrics and disclosure scores for more than 11,800 firms in over 100 countries.
The ESG data are compiled based on company-sourced filings, such as CSR or sustainability
reports, annual reports, company websites, online news, and a Bloomberg survey that
requests information directly from the company. We used the rating scores of firms in
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the Bloomberg ESG database to measure the firms’ CSR performance. If this conjecture
is valid, the CSR performance of the treatment firms should show a significant increase
after the regulations compared with the control firms. The results are reported in Table 8.
As shown in column 1 in Table 8, the coefficient of the interaction term Treated × Post
was positive and statistically significant. This indicates that the CSR performance of the
treatment firms increased significantly, thus supporting the CSR-improving effect. Therefore,
the impact of MSER on firm innovation was partially derived from the improvement in
CSR performance.

Table 8. Mechanism Analyses.

CSR Performance Forecast Error Institutional Ownership
(1) (2) (3)

Treated × Post 4.180 *** 0.003 −0.054 ***
(0.453) (0.003) (0.018)

Treated 3.586 *** −0.002 0.074 ***
(0.421) (0.003) (0.014)

Post 1.272 *** −0.014 *** 0.181 ***
(0.436) (0.003) (0.014)

Controls Yes Yes Yes
Industry fixed effects Yes Yes Yes
Observations 1538 2246 2940
Adjusted R2 0.475 0.177 0.374

Note. This table reports the estimated coefficients and heteroskedasticity-adjusted robust standard errors clustered
at the firm level (in parentheses). Significance at * p < 0.1; ** p < 0.05; *** p < 0.01.

5.2. Information-Disclosing Effect

Second, we explored whether the MSER affected innovation through the information-
disclosing effect by examining the decrease in information asymmetry. Information asym-
metry usually indicates an unpredictable, complex, and volatile transaction environment,
which increases transaction costs and hinders firms’ innovation activities [15,21]. Thus,
the reduction in information asymmetry may prompt innovation. Previous studies have
also demonstrated similar results. For example, ref. [14] found that transparency (i.e.,
low information asymmetry) directly boosted innovation by reducing the sensitivity of
management turnover to poor innovative output, and ref. [13] revealed that the more
transparent the information environment, the higher the rate of R&D and patenting. At the
same time, non-financial reporting for the treatment firms after the MSER were imple-
mented, supplementary to normal financial reports, may have reduced the information
asymmetry between the internal managers and outside stakeholders [22,46], thereby im-
proving innovation outputs. To test this conjecture, we followed [22] by using the analyst
forecast accuracy (forecast error) to measure the firms’ information asymmetry. We used the
analyst forecast error as an inverse measure of the forecast accuracy, which is defined as
the average of the absolute errors of all forecasts made in the year for the target earnings
scaled by the stock price at the beginning of the year. If the treatment firms’ information
asymmetry decreases, we should observe a significant decline in the forecast errors for
these firms. Column 2 in Table 8 presents an insignificant coefficient for the analyst forecast
accuracy. This observation indicates that the information asymmetry of the treatment firms
did not increase after the regulations. Thus, we find the evidence to be inconsistent with
this mechanism.

5.3. Market-Reaction Effect

Last, we explored the mechanism of the market-reaction effect. MSER might be
a negative sign for investors who argue that treatment firms invest more in social and
environmental governance at the expense of shareholders’ benefits. Ref. [41] examined the
market reaction to events associated with the passage of a directive in Europe mandating
increased non-financial disclosure that was related to firms’ ESG performance. They found
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a negative market reaction to events that increased the likelihood of the passage of these
regulations. Similarly, ref. [2] investigated the mandatory CSR policy in India using the
event study method, as well as a regression discontinuity design, and found that this policy
caused a 4.1% drop on average in the stock prices of the affected firms. In China, ref. [3]
also revealed that the MSER led to negative effects on firms’ ROA and ROE. Consequently,
the MSER were interpreted as a negative sign for outside investors.

Institutional investors who pursue short-term benefits may argue that these types of
regulations will drive affected firms to pay increased attention to social and environmental
issues at the expense of shareholders’ benefits [6,47,48]. Therefore, they reduce the stock
ownership of firms subject to the MSER. However, a reduction in institutional ownership
may encourage firm innovation by eliminating the short-term earning pressures on man-
agers [16–19,49]. Accordingly, the increase in innovation for the treatment firms after the
MSER were implemented may have been caused by the reduction in institutional owner-
ship. Institutional ownership is the percentage of outstanding shares held by institutional
investors, data on which were collected from the Chinese Research Data Services (CNRDS)
database. If the innovation increase for the treatment firms was caused by this, we expected
to observe a significant decline in institutional ownership for the treatment firms. As shown
in column 3 in Table 8, the coefficients of the interaction term, Treated × Post, were negative
and significant, thus supporting the market-reaction effect.

Furthermore, institutional investors are usually classified into two types: transient
institutional investors and dedicated institutional investors [17,47–49]. Dedicated institu-
tional investors, such as pension funds, insurance companies, and banks, are institutions
that have long-term holdings, are less constrained by liquidity needs, and are more will-
ing to use longer periods to evaluate managers’ performance [49]. In contrast, transient
institutional investors are institutions that chase short-term price appreciation. Thus, they
take small equity positions in many firms and tend to trade frequently [49]. Therefore, we
suspect that the reduction in institutional ownership (column 3 in Table 8) stemmed mainly
from the transient institutional investors. To test this expectation, we investigated the
effects of the MSER on the changes in specific institutional investors. Table A4 reports the
results. We found that the ownership of dedicated institutional investors (e.g., insurance
companies in column 3 and social security funds in column 4) did not experience a striking
decline after the regulations. In contrast, the ownership of normal funds that were smaller
and more likely to chase short-term profits had a significant decrease after the regulations
(see column 1). Additionally, the ownership of securities companies sightly declined (see
column 2). The results in column 5 also reveal that qualified foreign institutional investors
(QFII) did not change their investment strategies for the treatment firms, thus suggesting
foreign investors in China were more likely to chase long-term profits.

In summary, we considered three potential mechanisms and demonstrated that the
positive impact of the MSER in China on firm innovation was mainly due to the CSR-
improving effect and market-reaction effect.

6. Discussion

An increasing number of countries and regions are paying attention to social and envi-
ronmental issues and have enacted related laws and policies to cope with them. Previous
studies have examined the equity market reaction to these mandatory social and environ-
mental policies [2,41] and the impact of these policies on firm financial performance [3–5],
whereas there is little knowledge of how these policies have affected firm innovation activi-
ties. On the one hand, some argue that MSER could reduce firm innovation because they
could stifle investment in corporate innovation activities. On the other hand, some argue
that MSER could facilitate firm innovation due to the benefits from the improvement in
CSR performance or report disclosure.

Using the implementation of MSER that occurred in China, we empirically found that
the treatment firms’ innovation outputs significantly increased after the announcement of
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the MSER. We further analyzed the possible mechanisms and found that the CSR-improving
effect and market-reaction effect played an important role in driving this relationship.

These findings contribute to the literature on the determinants of innovation [50],
especially research that investigates the impact of various types of legislation on inno-
vation [11,25,27,28,33–35,37]. In this study, we complemented this line of research by
examining the effect of MSER on firm innovation. Our study documented the influencing
mechanisms of social and environmental policies on innovation (i.e., the improvement in
CSR performance and reduction in institutional ownership). It is helpful to understand
the impact of mandatory social and environmental regulations. Additionally, our study
contributes to the literature that investigates the impact of CSR and innovation. The en-
dogenous issues related to this relationship have prevented prior researchers from making
efficient causal inferences [20,51]. In this study, we addressed this challenge by leverag-
ing an exogenous shock on firms’ CSR practices and utilizing a difference-in-differences
approach to estimate the relationship between CSR and innovation.

Our findings also have potentially important implications for managers and policy-
makers. Our findings demonstrate that the net effect of MSER on innovation was positive.
In other words, CSR performance and innovation performance were not completely para-
doxical. Accordingly, with the increasing CSR pressure nowadays, companies that are
eager to innovate may find it worthwhile to improve social and environmental governance.
For policymakers, our findings provide an unexpected result, that is, MSER have led to
an increase in innovation. Understanding the impact of MSER on firms’ other operating
activities (e.g., innovation) and their underlying mechanisms allows legislators to compre-
hensively master the effectiveness of their enacted policies, which is able to assist with the
formulation of future policy. This study finds that the CSR-improving effect plays a major
role in influencing firm innovation. Thus, the government, for example, can publish policies
that require companies to improve employee welfare or can set a higher environmental
standard to prompt companies to improve their production technologies.

7. Conclusions

In this study, we answered two research questions: (1) How do mandatory social and
environmental regulations influence corporate innovation? and (2) What are the underlying
mechanisms that drive this relationship? We exploited an exogenous shock in China in
2008 to examine the impact of MSER on innovation. Using a difference-in-differences with
propensity-score matching methodology, we found that MSER in China led to a significant
increase in firm innovation. In particular, we found that firms that were mandated to
disclose social and environmental information generated more patents, including inven-
tion patents that were more innovative and original, than the control firms, which were
not required to adhere to these rules after three years of the regulations. Lastly, we veri-
fied that the positive effects of the MSER on firm innovation were mainly caused by the
CSR-improving effect and market-reaction effect, manifesting in an improvement in CSR
performance and a reduction in institutional ownership, respectively.
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Appendix A

Table A1. Industry Distribution of Matched Sample.

Total Treatment Control

Agriculture, Forestry, and Fishing (A) 66 (2%) 18 (1%) 48 (4%)
Mining (B) 118 (4%) 65 (4%) 53 (4%)
Manufacturing (C) 1604 (54%) 873 (55%) 731 (53%)
Utilities (D) 222 (8%) 108 (7%) 114 (8%)
Construction (E) 59 (2%) 41 (3%) 18 (1%)
Transportation (F) 201 (7%) 125 (8%) 76 (6%)
Information Technology (G) 144 (5%) 78 (5%) 66 (5%)
Wholesale and Retail (H) 149 (5%) 66 (4%) 83 (6%)
Real Estate (J) 228 (8%) 120 (8%) 108 (8%)
Services (K) 41 (1%) 23 (1%) 18 (1%)
Entertainment (L) 36 (1%) 12 (1%) 24 (2%)
Conglomerates (M) 90 (3%) 60 (4%) 30 (2%)
Total 2958 (100%) 1589 (100%) 1369 (100%)

Table A2. Propensity-Score Matching (PSM) Results.

Full Sample Matched Sample

Treatment Control Difference in
Means (before) Treatment Control Difference in

Means (after)
Bias

Reduction (%)

Firm size 22.264 21.157 1.107 *** 22.264 22.270 −0.006 99.5
ROE 0.119 0.032 0.087 *** 0.119 0.125 −0.006 93.2
Share turnover 3.195 3.649 −0.454 *** 3.195 3.049 0.145 68.0
Stacks return 0.895 0.598 0.297 *** 0.895 0.878 0.016 94.5
State ownership 0.310 0.237 0.073 *** 0.310 0.315 −0.005 92.5
R&D intensity 0.002 0.003 0.000 0.002 0.003 0.000 45.7
Patent growth 1.328 0.485 0.843 *** 1.328 1.390 −0.062 92.6

Note. All covariates in the above table are averages over the pre-regulation period (2006–2008), except for patent
growth. Patent growth is measured by the growth ratio of the number of a firm’s patents over the pre-regulation
period, that is, (a firm’s patents in 2008–the firm’s patents in 2006)/the firm’s patents in 2006. Significance at *
p < 0.1; ** p < 0.05; *** p < 0.01.

Table A3. Definitions of All Variables Used in This Study.

Variables Definition

Lnpatent The natural logarithm of one plus the number of invention and utility patents that the firm has filed.
Lnvention The natural logarithm of one plus the number of invention patents that the firm has filed.
Treated A dummy variable that is equal to one for treatment firms and zero for control firms.

Post A dummy variable that equals one if a firm year belongs to the post-regulation period (2009–2011)
and zero if a firm year belongs to the pre-regulation period (2006–2008).
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Table A3. Cont.

Variables Definition

Firm size The natural logarithm of total assets.
Firm age The natural logarithm of the number of years since the firm’s inception.
ROA The ratio of net income to total assets.
ROE The ratio of net income to shareholders’ equity.
Leverage Total liabilities divided by total assets.
Cash holdings The ratio of cash to total assets.
R&D Intensity The ratio of R&D expenses to total assets.
Share turnover The total number of shares traded divided by the total number of shares outstanding.
Stacks return Annual stock return of each year.
State ownership The number of state-owned shares divided by the number of total shares.
Patents growth The growth ratio of the number of a firm’s patents over the pre-regulation period (2006–2008).
Innovative productivity. The number of patents per 100 employees.

Forecast error The average of the absolute errors of all forecasts made in the year for target earnings, scaled by the
stock price at the beginning of the year.

Voluntary disclosure A dummy variable that is equal to one if a firm voluntarily discloses social and environmental
governance information and zero if otherwise.

Institution ownership The percentage of outstanding shares held by institutional investors.
Normal Funds The percentage of outstanding shares held by normal funds.
Securities company The percentage of outstanding shares held by securities companies.
Insurance company The percentage of outstanding shares held by insurance companies.
Social security funds The percentage of outstanding shares held by social security funds.
QFII The percentage of outstanding shares held by Qualified Foreign Institutional Investors (QFII).

Table A4. The Types of Institutional Investors.

Normal Funds Securities
Company

Insurance
Company

Social Security
Funds QFII

(1) (2) (3) (4) (5)

Treated × Post −0.062 *** −0.001 * −0.000 −0.001 −0.001
(0.012) (0.001) (0.001) (0.001) (0.001)

Treated 0.079 *** 0.001 * 0.000 0.001 0.001
(0.012) (0.000) (0.001) (0.001) (0.001)

Post −0.030 *** 0.001 ** 0.000 −0.002 * −0.002 **
(0.009) (0.000) (0.001) (0.001) (0.001)

Controls Yes Yes Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes Yes

Observations 2958 2958 2958 2958 2958
Adjusted R2 0.353 0.036 0.050 0.027 0.035

Note. This table reports the estimated coefficients and heteroskedasticity-adjusted robust standard errors clustered
at the firm level (in parentheses). Significance at * p < 0.1; ** p < 0.05; *** p < 0.01.
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