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Abstract. As a critical market regulation tool, the short selling mechanism exerts
a notable influence on corporate digital transformation. This paper empirically
examines the impact and mechanisms of short selling on digital transformation
by analyzing data from A-share companies listed on the Shanghai and Shenzhen
stock exchanges between 2007 and 2022. The findings reveal a significant posi-
tive correlation between short selling and corporate digital transformation. Het-
erogeneity tests further demonstrate that this relationship varies markedly with
different levels of digital maturity within enterprises. The study also explores
mediating mechanisms, indicating that short selling facilitates digital transfor-
mation by enhancing corporate governance and equity structure. Furthermore,
core human capital emerges as a vital factor in leveraging the positive effects of
short selling. Consequently, enterprises should prioritize investment in human
capital to attract high-quality talent and cultivate a management team with supe-
rior decision-making capabilities. This strategic focus on human capital is cru-
cial, alongside technological factors, for listed companies aspiring to achieve
their digital transformation objectives.
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1 Introduction

Digital technologies, exemplified by big data, cloud computing, artificial intelligence,
and 5G, have accelerated information processing and transmission while fostering in-
novative business models [1], enabling companies to respond more agilely to market
dynamics [2]. In this evolving landscape, data is increasingly recognized as the "fifth
production factor," playing a crucial role in driving economic growth and transfor-
mation. As an indispensable "new resource” in the modern economy [3], the efficient
allocation of data has become central to digital transformation. To adapt to the ongoing
technological revolution, companies must undertake digital transformation across prod-
uct offerings, business models, and organizational structures.
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The short-selling mechanism can drive companies to harness their talent potential
by fostering transparent communication, exerting market pressure, and encouraging in-
ternal reforms, thus facilitating digital transformation. Current research still lacks a
comprehensive integration of paradigm logic reasoning and empirical model analysis,
leaving the specific impact of the short-selling mechanism on enterprise digital trans-
formation insufficiently explored. The goal of this paper is to offer new theoretical in-
sights and practical guidance for advancing the digital economy's high-quality devel-
opment and enhancing enterprise innovation efficiency.

2 Theoretical Analysis and Research Hypotheses

As a critical measure in China's securities market reform, the short-selling mechanism
serves as a pivotal pathway to advance enterprise digital transformation by fostering
R&D innovation in microeconomic entities. Existing research on the short-selling
mechanism primarily examines short-term benefits such as investor attention, corporate
violations [4], analyst tracking, and related transactions [5], as well as corporate invest-
ment efficiency [6]. However, its long-term impact on enterprises is often analyzed
through the lens of innovation decisions concerning long-term corporate investments
[7].

This paper seeks to empirically assess the role of the short-selling mechanism in
driving enterprise digital transformation by examining two internal factors: corporate
governance and equity structure. This paper proposes that the short-selling mechanism
can serve as a market catalyst, accelerating the digital transformation of domestic en-
terprises. Firstly, it can enhance external market oversight on management efficiency
and innovation capabilities, compelling enterprises to optimize internal governance
structures and elevate management standards to mitigate potential market risks and
pressures. Secondly, the short-selling mechanism can incentivize enterprises to proac-
tively pursue technological innovation and digital strategies, thereby enhancing market
competitiveness and shareholder value to better navigate the challenges and opportuni-
ties presented by the digital economy’s evolution.

Hypothesis 1: With other conditions remaining unchanged, the short selling mecha-
nism can promote enterprises to improve their level of digital transformation.

Hypothesis 2: Improving core human capital can strengthen the influence of short
selling mechanisms on enterprise digital transformation.

3 Study Design

3.1  Sample Sources and Data Collection

This study examines the annual reports of A-share listed companies on the Shanghai
and Shenzhen stock exchanges from 2007 to 2022, utilizing data from the CSMAR
(Guotai'an) database. To ensure the reliability and validity of the findings, the study
adopts data processing methods from existing literature and conducts a series of pre-
processing steps on the original data. Specifically, the study follows these steps: (1)
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Exclude companies within the financial industry. The capital structure, business model,
and regulatory environment of the financial sector differ significantly from other indus-
tries. Particularly under the influence of the short-selling mechanism, corporate behav-
iors and market reactions in the financial industry may diverge from those in other sec-
tors. Therefore, excluding data from the financial industry helps improve the compara-
bility of the study. (2) Eliminate enterprises with ST (including *ST) risk marks. ST
companies are usually companies that have been specially treated due to poor perfor-
mance or financial difficulties. Their operating conditions are extremely unstable,
which may affect the analysis results. (3) Remove companies with incomplete key fi-
nancial data information. Complete financial data are critical for model construction
and measurement of variables. The lack of financial information may lead to biased
model estimates. (4) Exclude companies with IPOs (initial public offerings). Newly
listed companies lack sufficient historical data, and their operating behavior in the early
stages of listing is often strongly affected by market fluctuations and financing needs.
(5) Winsorize the 1% and 99% quantiles of non-ratio data at the micro level.

For empirical analysis, this paper employs the Difference-in-Differences model.
Companies included in the short-selling list from 2007 to 2022 are designated as the
"experimental group." Companies not on the short-selling list serve as the "control
group," allowing for the evaluation of firms unaffected by the short-selling mechanism.

For digital transformation data, Python is used to mine and extract text information
from annual reports from 2007 to 2022. Natural language processing techniques iden-
tify keywords and key paragraphs, quantifying companies' investment and progress in
digital transformation.

3.2 Variable Measurement

To investigate the impact of the short selling mechanism on enterprise digital transfor-
mation, this study utilizes the Difference-in-Differences (DID) model as its analytical
framework. Referring to the research by Bertrand and Mullainathan (2003) and Chu
Jian and Fang Junxiong (2016), the study defines the virtual variables Treat and Post.
In the DID model, the core interaction term is the "short selling mechanism," repre-
sented by Treat x Post. The virtual variable Treat identifies whether a company is in-
cluded in the short selling list during the sample period, taking values of 1 or 0. Specif-
ically, Treat=1 indicates the company is part of the short selling list, classifying it as
the "experimental group"; Treat=0 indicates it is not, classifying it as the "control
group." Post serves as a time variable to indicate whether a company has undergone
digital transformation. It remains constant across individuals, reflecting whether digital
transformation has occurred at a specific point in time rather than differences between
companies. If a company initiates digital transformation in a particular year, Post is
assigned a value of 1, indicating the occurrence of digital transformation; otherwise, it
takes a value of 0. The model also incorporates u; and 6, representing industry fixed
effects and year fixed effects, respectively. Industry fixed effects (u;) control for sys-
tematic differences between industries that may influence financial performance and
the degree of digital transformation. Year fixed effects (6;) control for the impact of
exogenous variables, such as macroeconomic factors and policy changes, across years
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in the sample period, thereby isolating the causal relationship between short selling
mechanisms and digital transformation.

This paper employs the TF-IDF (Term Frequency-Inverse Document Frequency) al-
gorithm to quantify the degree of digital transformation in enterprises (DIGT) [8] as the
dependent variable. In the implementation process, Python is utilized to scrape the an-
nual reports of Chinese A-share listed companies from 2007 to 2022, gathering publicly
available company information for these years. To effectively extract digitalization-
related information, the content of the annual reports is segmented, and the text is
cleaned and preprocessed. Keywords related to digital information technology are then
extracted, which are presented in Fig.1. The selection of these keywords is informed by
the work of scholars like Che Dexin, Xie Zhifeng, and Wu Fei (2021) [9], who devel-
oped a systematic set of indicators for enterprise digital transformation, providing a
critical reference for this paper.

Big Data Technology Cloud Computing Technology

Big data, data mining, text mining, het- Cloud computing, stream computing,
erogeneous data, augmented reality, digiti- graph computing, memory computing,
zation, data science, virtual reality multi-party secure computing, green com-

puting, knowledge computing, integrated

Artificial Intelligence Technology architecture, cloud platform, cloud security,
Internet of Things, EB-level storage, cyber-

physical system design

Artificial intelligence, business intelli-
gence, investment decision support system,
Al technology, intelligence, automation,
neural network, face recognition, deep
learning, biometrics, speech recognition,
image recognition, machine learning, iden-
tity authentication, autonomous driving,
natural language processing

Blockchain Technology

Blockchain, digital currency, distributed
computing, differential privacy technology,
smart financial contracts

Fig. 1. Underlying technologies for enterprise digital transformation

After obtaining the keywords, Python tools are used to count their frequency as an
initial proxy for measuring the degree of digital transformation in enterprises. The TF-
IDF method is then applied to further refine and optimize this measure. The TF-IDF
algorithm takes into account both the frequency of a word within a document and its
ability to distinguish between different documents. This approach helps to more accu-
rately assess the intensity of an enterprise's digital transformation. The TF-IDF calcu-
lation is the product of term frequency and inverse document frequency.

digital,, = Z TFy X IDFy,
debD

Finally, the article calculates the TF-IDF values of digitalization-related keywords
in corporate annual reports to derive the digital empowerment index for each company
in a specific year.



86 Z. Chen

The following company characteristic variables are controlled for: financial leverage
ratio (LEV), company age (AGE and its square AGE?), return on equity (ROE), the
shareholding ratio of the largest shareholder (TOP), and the annual market value of
individual stocks measured in thousands of yuan (MCV).

3.3  Regression Model Design

As an exogenous policy framework, the short-selling mechanism has a clear causal link
with the digital transformation of enterprises, making the DID model a suitable tool for
analyzing this impact. By comparing the experimental and control groups, the DID
model directly reveals changes before and after policy implementation. The empirical
model designed in this article is as follows:

DIGT =ay +o; Treatxpost +u; + 6+ €. €))

In this model, the explained variable is the digital transformation of enterprises
(DIGT), which is used to measure the degree of digital transformation of enterprises at
different times. The main explanatory variable is the interaction term of the short-sell-
ing mechanism Treat x post, which is used to study the impact of the short-selling
mechanism on the digital transformation of enterprises. Control variables (CVs) are
used to adjust other factors that may affect the digital transformation of enterprises. u;
and 0; in the model represent the fixed effects of enterprises and years, respectively.
The former is used to control the influencing factors at the enterprise level that are
invariant over time, and the latter is used to control the unobservable shocks related to
time. The random error term € represents other random factors that are not explained in
the model. The interaction term Treat X post is designed based on the "Securities List
for Margin Trading and Short Selling" issued by the Shanghai Stock Exchange and
related adjustment announcements, and is used to distinguish whether an enterprise is
included in the short-selling mechanism.

In addition, this paper adjusts the t statistic through Cluster robust standard error to
solve the autocorrelation and heteroskedasticity problems that may exist in the data. By
aggregating the data by group or category, the standard error can be estimated more
accurately and the robustness of the results can be improved. The model controls the
two-way fixed effects of industry and time series [10] to reduce the interference of
factors that cannot be directly observed but may affect the results on the analysis,
thereby reducing the endogeneity problem, that is, the misalignment of causality.

4 Empirical Analysis

4.1 DID Regression Analysis

The comprehensive sample analysis results for "Short-selling mechanism affects cor-
porate digital transformation" are presented in Table 1, highlighting the mechanism's
impact. Model (1) introduces time and industry fixed effects, revealing a positive effect
of the short-selling mechanism on digital transformation. Model (2) further controls for
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relevant variables, and the regression coefficient remains positive and significant at the
1% level, confirming the mechanism's positive influence on corporate digital transfor-
mation. To examine the time lag effect, five time dummy variables are introduced: Cur-
rent, Afterl, After2, After3, and After4, representing the year of digital transformation
implementation and subsequent lags of one to four years. The results indicate that dur-
ing the implementation year and the four lag years, the regression coefficients are sig-
nificant and positive (0.031, 0.052, 0.050, 0.045, and 0.054, respectively).

Table 1. The role and impact of short selling mechanism on enterprise digital transformation

1)

2)

3)

DIGT

DIGT

DIGT

Treat x Post

0.089***(6.51)

0.110**%(7.63)

Treat x Current

0.031%*%(2.67)

Treat x Afterl

0.052%*%(3.45)

Treat x After2

0.050**%(3.48)

Treat x After3

0.045**%(2.66)

Treat x Afterd

0.054**%(3.28)

LEV -0.017(-0.49) -0.007(-0.21)
AGE -0.007**(-2.39) -0.003(-0.96)
AGE? 0.000(0.56) -0.000***(-2.29)
TOP -0.002***(-3.40) -0.001*(-3.08)
ROE 0.002(1.38) 0.004*(1.92)
MCcv 0.000**(2.49) 0.000***(4.50)
cons -0.061**(-2.07) 0.072*%(1.55) 0.019(0.42)
i.Year Yes Yes Yes
i.Industry Code Yes Yes Yes
N 24632 24588 24588
Adj R’ 0.3501 0.3543 0.3501

The short-selling mechanism compels companies to enhance their governance by
increasing market pressure. When faced with scrutiny from short-sellers, companies are
driven to improve information disclosure and financial transparency to gain investor
trust. This transparency helps mitigate resource misappropriation and interest transfers
by major shareholders, fostering better governance practices. Moreover, the threat of
short selling encourages companies to bolster the independence and expertise of their
boards, highlighting the role of independent directors. These directors offer objective
external insights and recommendations, aiding companies in formulating sound digital
strategies. Additionally, under short-selling pressure, shareholders and institutional in-
vestors are more inclined to engage actively in corporate governance, urging manage-
ment to boost performance and efficiency, ensuring alignment with shareholder value.
By holding shares, management may focus more on the company's long-term health,
including digital transformation efforts, to counteract short-selling pressure and en-
hance market confidence. Thus, the short-selling mechanism acts as an invisible cata-
lyst for companies to refine their governance structure and management capabilities.

Companies willing to pay high salaries to management can often attract high-level
management talents. The short-selling mechanism may drive enterprises to attract and
retain top management talents through higher salaries. In the face of market pressure
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and the attention of short sellers, companies may need to ensure that management has
strong leadership and innovative thinking to effectively respond to challenges. Elite
management can bring advanced technical vision and management thinking, and pro-
mote innovation and implementation in the field of digitalization. In addition, high sal-
ary incentives can make the existing management more focused on improving the dig-
ital capabilities of the enterprise, promoting technology adoption and process optimi-
zation. This incentive mechanism can improve the enthusiasm and sense of responsi-
bility of the management, and ensure that the strategic goals of digital transformation
are consistent with the overall development direction of the enterprise. Thus, strength-
ening talent capabilities serves as a beneficial factor, amplifying the positive impact of
the short-selling mechanism on enterprise digital transformation.

4.2  Analysis of Group Differences

This article builds upon the verification methods of previous studies, segmenting sam-
ples based on the intensity of enterprise digital transformation to examine behavioral
differences across various production factor configurations and industrial logics. To
precisely analyze the impact and divergent outcomes of digital transformation in dif-
ferent contexts, the samples are categorized into three equal segments.

Table 2. The varying impact of short selling mechanisms on enterprises across different levels

of digitalization
1 (2) 3) (4) (5) (6)
DIGT DIGT DIGT DIGT DIGT DIGT
0.262%***(3.8 % -0.002*(-
Treat x Post 2) 0.005*(1.91), 1.84)
Treat x Cur- 0.200%***(2. -0.003**(-
rent 75) 0.001(0.15) 1.98)
Treat x Af- 0.451***(4. %
terl 61) 0.003(0.72) 0.001*(0.64),
Treat x Af- 0.469%#%(5. %
ter2 23) 0.008*(1.91) 0.002(1.26)
Treat x Af- 0.479%**(5, s
ter3 53) 0.010**(2.13) 0.002(1.31)
Treat x Af- 1.264***(6. s %
tord 20) 0.025***(4.91) 0.003*(1.79),
Group by HLDTG MLDTG LLDTG
i.Year Yes Yes Yes Yes Yes Yes
i.Industry Yes Yes Yes Yes Yes Yes
Code
CVs Yes Yes Yes Yes Yes Yes
N 8070 8070 8268 8268 8250 8250
Adj R? 0.2844 0.2937 0.0705 0.0719 0.0688 0.0691

Table 2 presents the effects of short-selling mechanisms on enterprises with varying
digitalization levels. Model (1) focuses on high-level digital enterprises, showing a sig-
nificantly positive impact from short-selling mechanisms with a regression coefficient
of 0.262, meeting the 1% significance level. Model (3) examines medium-level digital
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enterprises, where the regression coefficient decreases to 0.005, passing the 10% sig-
nificance test, indicating a less pronounced positive effect. For low-level digital enter-
prises, Model (5) indicates a slight negative impact, with a regression coefficient of -
0.002, also passing the 10% significance test. In Models (2), (4), and (6), time dummy
variables are introduced to assess the time-lag effects of short-selling mechanisms.
Model (2) shows all time dummy variables as significantly positive. Model (4) illus-
trates that the significance of the impact increases over one to three years, though the
regression coefficient is smaller than in Model (1). This reflects the adaptation process
of medium-level enterprises from initial shock to long-term adjustment and improve-
ment. Model (6) indicates that for low-digital enterprises, the short-selling mechanism
initially negatively impacts digitalization, but this turns positive over time.

The analysis reveals a general downward trend in the regression coefficient of short-
selling mechanisms from high-level to low-level digital enterprises. This indicates that
short-selling mechanisms significantly promote digital transformation, particularly in
highly digitalized companies. These enterprises can quickly adapt to market changes,
leveraging market signals from short-selling to maintain competitiveness. In contrast,
as digitalization decreases, companies face challenges such as technological gaps, lim-
ited information capabilities, risk management issues, and slower market response.
These factors hinder their ability to effectively utilize market feedback for self-adjust-
ment. More digitalized companies are better equipped to adapt and refine strategies
through short-selling mechanisms.

5 The Specific Path of How the Short-selling Mechanism
Promotes the Digital Transformation of Enterprises.

The research focus of this paper is on corporate governance capabilities and equity
structure. The Accenture China Digital Transformation Index 2023 highlights the im-
portance of leveraging talent and building a data core for Chinese companies on their
digital transformation journey. Therefore, this paper examines two mediating factors:
corporate governance and equity structure, employing a recursive model [11] to test the
mediating effect mechanism.

DIGT;+1 = ao + a; Treat X postir1+dNCVsi+ui+ 0 +¢ 2)

To assess corporate governance capabilities, this paper adopts Lin Jing's (2023) ap-
proach [12], utilizing principal component analysis to create a comprehensive evalua-
tion index of governance quality. The five variables considered are the alignment of
directors and supervisors, the proportion of independent directors, shareholder propor-
tion, institutional investor proportion, and management proportion. Based on variable
eigenvalues, the first three principal components are used to calculate corporate gov-
ernance quality index 1 (govl), while the first five components are used for index 2
(gov2). A higher index indicates stronger governance capabilities. Govl focuses on
internal governance structures (directors and supervisors), whereas gov2 also accounts
for the role and influence of external investors. Equity structure is measured by equity
concentration [13].
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Medi; = 0o + 0; Treat x postit1+ YN CVs+ui+ 0+ w 3)

DIGT; 1 = 0 + o’ Medie1 + 0 Treat x post+ 31 C Vs: ¢+ u+ 0+ 4)

Table 3. The intermediary mechanism by which short selling affects the digital transformation
of enterprises: corporate governance capabilities

1) 2) 3) “) (5)
DIGT Govl DIGT Gov2 DIGT
0.110***(7.6 | 0.106***(10. | 0.103***(7.0 | 0.150***(13. | 0.105%**(7.2
Treat % Post 3) 44) 6) 71) 2)
0.068***(4.0
Govl 0)
Gov2 0.031**(2.03)
Sobel Test 4.378%** 3.11%*
over tes Forward conduction mechanism Forward conduction mechanism
CVs,i.Year,i.In
dustry Code Yes Yes Yes Yes Yes
N 24588 24588 24588 24588 24588
Adj R’ 0.3543 0.5020 0.3558 0.4700 0.3546

Table 3 presents the results of testing corporate governance capabilities as an inter-
mediary mechanism. The regression analysis indicates that market pressure encourages
companies to enhance key governance areas, such as the proportion of independent
directors and shareholder and institutional investor holdings. Further examination re-
veals that short-selling activities by professional investors alert management and
boards, prompting improvements in information disclosure and transparency to allevi-
ate market concerns about governance. Increasing independent directors enhances
board decision-making by improving objectivity and independence. Under the impact
of the short-selling mechanism, companies often re-examine their ownership structure
to ensure a reasonable distribution of shareholder shareholding ratios, thereby enhanc-
ing their control and supervision capabilities over the company. Because institutional
investors can bring more professional supervision and financial stability, complement-
ing data analysis and decision-making optimization in the company's digital transfor-
mation process, this makes companies more dependent on their shareholdings. At the
same time, the company may adjust management's shareholding ratio to make it more
consistent with shareholder interests. This incentive alignment strategy increases exec-
utive motivation and ensures they are focused on improving corporate governance and
performance. Considering that digital tools can optimize management's performance
appraisal and incentive mechanisms and increase the transparency of equity incentive
plans, digital transformation will become one of the strategic goals of corporate devel-
opment. The regression coefficients of the two corporate governance coefficients on
digital transformation are 0.103 and 0.105 respectively, and pass the 1% significance
test. Therefore, the short-selling mechanism promotes strategic adjustments in the com-
pany's ownership structure and incentive mechanism through various influences,
thereby improving governance capabilities and promoting digital transformation and
upgrading.



Short Selling's Effect on Corporate Digital Transformation 91

Table 4. Intermediary mechanism of short selling mechanism affecting enterprise digital trans-
formation: equity structure

Q)] (2) 3)
DIGT SCP DIGT
Treat x Post 0.110***(7.63) | -0.889***(-2.97) | 0.110***(7.66)
SCP -0.002%**(-2.72)
Sobel Test 2.1 1* .
Forward conduction mechanism
CVs,i.Year,i.Industry Code Yes Yes Yes
N 24588 24532 24532
Adj R’ 0.3543 0.6245 0.3549

Table 4 shows the results of “ownership structure” as a transmission mechanism.
The short-selling mechanism can significantly reduce the equity concentration of en-
terprises. (The regression coefficient of TreatxPost in model (2) is -0.889 and passes
1% significance) When short sellers operate on a stock, they are usually based on an
in-depth analysis of the company’s potential problems, which may lead to The market's
trust in the stock waned. As trust declines, stock prices may fluctuate, adding to market
pressure. When faced with this pressure, major shareholders will review their risk ex-
posure and choose to diversify their holdings to reduce the risks caused by price fluc-
tuations, thus leading to a reduction in ownership concentration. In addition, the activ-
ities of short sellers put companies under greater pressure on information disclosure
and transparency. In order to alleviate market doubts, companies often adjust their de-
cision-making processes to allow more stakeholders to participate in decision-making,
thus naturally forming a more decentralized ownership structure. Through these dy-
namics, the short-selling mechanism forces companies to improve their governance
structures from a long-term perspective and attract more investors of different types to
ensure market confidence and the company's stable development. When ownership be-
comes more dispersed, corporate management needs to listen to the opinions of more
shareholders. This diverse input of opinions encourages companies to be more open
and innovative in digital transformation and adopt more diversified technologies and
strategies. Decentralized ownership structures are usually accompanied by high market
competition pressure. In order to attract and retain investors, companies need to con-
tinue to innovate, and digital transformation has become an important means to enhance
competitiveness and market attractiveness. Moreover, in settings with more dispersed
ownership, companies tend to invest in the latest digital technologies and tools to opti-
mize resource allocation and boost operational efficiency, aligning with diverse share-
holder expectations. In Model (3), the impact of equity concentration on corporate dig-
ital transformation shows a regression coefficient of -0.002, which is significant at the
1% level. Thus, ownership concentration can amplify the influence of short-selling
mechanisms in driving corporate digital transformation.
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6 Multi-dimensional Analysis of the Impact of Short Selling
Mechanism on Enterprise Digital Transformation from the
Perspective of Core Human Capital Grouping

When discussing the impact of short selling on the digital transformation of enterprises,
the role of talent cannot be ignored. In order to verify the gain effect of core talent
capital on the short-selling mechanism, this paper adopts the research method of Xu Lu
and Deng Lulu (2011) [14], taking the total salary of the top three management of the
company from 2007 to 2022, and taking the median for group test. The two groups are
the "high salary group" and the "low salary group"

6.1  Short Selling Mechanism, Core Human Capital and enterprise Digital
Transformation

Table S. The difference in the impact of short selling mechanism on the digital transformation
of enterprises with different core human capital

(1) 2) 3) 4)

DIGT DIGT DIGT DIGT
Treat x Post 0.122%%%(5.99) 0.021(1.44)
Treat x Current 0.052***(2.85) 0.024(1.22)
Treat x Afterl 0.088***(3.36) 0.040*(1.92)
Treat X After2 0.074**%(3.19) 0.009(0.45)
Treat X After3 0.106**%(3.38) 0.012(0.66)
Treat x Afterd 0.066***(2.65) -0.035*(-1.85)

High salary group Low salary group

i.Year Yes Yes Yes Yes
i.Industry Code Yes Yes Yes Yes
CVs Yes Yes Yes Yes
N 12327 12327 12261 12261
Adj R’ 0.3667 0.3637 0.3560 0.3562

Table 5 illustrates the impact of the short-selling mechanism on corporate digital
transformation when different levels of core human capital investment are considered.
The analysis reveals that the regression coefficient of TreatxPost on DIGT is 0.122,
achieving statistical significance at the 1% level. This indicates that for companies
heavily investing in core human capital, the short-selling mechanism significantly
boosts digital transformation and upgrading. Even when accounting for time lags, the
short-selling mechanism consistently promotes digital transformation over four years,
with all lag periods passing the 1% significance test. However, for the low-salary group,
the effect of the short-selling mechanism on digital transformation is not significant. In
Model (4), only the one-year and four-year lags barely pass the 10% significance test,
with the four-year lag showing a negative coefficient. This underscores the critical role
of core human capital in enhancing the positive impact of the short-selling mechanism
on corporate digital transformation, supporting Hypothesis 2.
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High salary usually matches the high ability and experience of the management.
Higher investment in core human capital not only enhances the attractiveness of the
company and helps attract and retain excellent management talents, but also enhances
the ability to promote the digital transformation of the company. ability. When facing
the market pressure brought by the short-selling mechanism, highly paid management
can respond quickly and take effective measures to ensure that the company maintains
its competitive advantage. In addition, high-paying management also conveys the com-
pany's trust in the management team, which helps enhance market confidence and im-
proves the company's positive expectations under the short-selling mechanism. In con-
trast, low compensation may mean that management’s capabilities and experience are
relatively insufficient, limiting the company’s performance in digital transformation. In
this case, the pressure brought by the short-selling mechanism is difficult to transform
into innovation power and actual transformation results. Even after the time lag effect
is introduced, management in the high-salary group can continue to promote corporate
development, while the low-salary group has limited ability to respond to long-term
market pressures. Due to resource constraints, companies in the low-salary group are
more likely to adopt short-term survival strategies rather than making long-term invest-
ments that may bring about greater change and uncertainty. This conservative business
strategy makes it more difficult for companies to innovate and respond quickly when
facing external pressure brought by the short-selling mechanism. Therefore, low remu-
neration not only reflects the company's human capital constraints at the management
level, but also reveals its limitations in resource allocation, strategic vision and risk-
taking capabilities. These factors jointly affect the company's ability to respond to mar-
ket pressures and promote digital transformation.

6.2 Combining Mediation Mechanisms

The previous part has confirmed that different types of core human capital investments
can affect the significance of short-selling mechanisms on corporate digital transfor-
mation. In order to explore this influencing mechanism more deeply, this section will
further introduce factors such as corporate governance capabilities and ownership struc-
ture. Through these intermediary mechanisms, we can observe in more detail how the
short-selling mechanism plays a specific role through different intermediary effects in
the context of different core human capital investments. As illustrated in Table 6, the
data provides clear evidence of these intermediary effects. This will help reveal the
complex and diverse interactions between core human capital and short-selling mech-
anisms.

Table 6. Short selling mechanism, core human capital and intermediary mechanism

Panel 4 @ 2 3)
Corporate governance and equity

. Govl Gov2 SCpP
structure under high-pay group
Treat X Current 0.025*%(2.05) 0.038***(2.87) -0.919***(-3.14)
Treat x Afterl 0.049***(3.67) 0.076***(5.26) -0.998***(-2.93)

Treat x After2 0.061***(4.72)  |0.104***%(7.27) _ |-0.933***(-2.95)
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Treat x After3 0.032*%(2.33) 0.059%%*(4.08) 1.099%%%(-3.22)
Treat X Afterd 0.066***(3.70) 0.107***(5.48) 1.458**%(-3.38)
High salary group
i.Year Yes Yes Yes
i.Industry Code Yes Yes Yes
CVs Yes Yes Yes
N 12327 12327 12317
Adj R? 0.5102 0.4785 0.3560
Panel B (1) 2) 3)
Corporatg governance and equity Govl Gov? scp
structure in the low-pay group
Treat X Current 0.031**(2.20) 0.036**(2.43) [-0.310(-0.82)
Treat x Afterl 0.036**(2.30) 0.046***(2.80) [-0.059(-0.15)
Treat x After2 0.015(1.00) 0.046***(2.90) |0.068(0.18)
Treat x After3 0.028*(1.68) 0.444*%(2.54) |-0.152(-0.38)
Treat X Afterd 0.030(1.54) 0.048%*(2.36) 0.124(0.20)
Low salary group
i.Year Yes Yes Yes
i.Industry Code Yes Yes Yes
CVs Yes Yes Yes
N 12261 12261 12215
Adj R? 0.5166 0.4816 0.6316

Panel A presents the regression results of the impact of the short-selling mechanism
on corporate governance capabilities and ownership structure for companies with sub-
stantial core human capital investment. The findings indicate that in such companies,
the short-selling mechanism significantly enhances governance levels, with positive re-
gression coefficients in models (1) and (2), both statistically significant at the 1% level.
Notably, the regression coefficient for govl1, representing internal governance structure,
is smaller than that for gov2, which includes external investor shareholdings. Addition-
ally, the mechanism significantly reduces ownership concentration, with this effect in-
tensifying over time (model (3) shows a significantly negative regression coefficient
that continues to decrease).

The larger overall regression coefficient for gov2 compared to govl suggests that
high-quality human capital better attracts and sustains the trust and interest of external
investors. These investors are more focused on long-term potential and transparency,
which high-human capital companies offer, providing stable expectations and greater
management transparency. Hence, the short-selling mechanism enhances governance
by increasing external oversight pressure. Conversely, while the short-selling mecha-
nism also benefits internal governance, directors and supervisors in high-human capital
firms often already adhere to high governance standards. Therefore, the marginal im-
provement effect is limited, resulting in a less pronounced regression coefficient com-
pared to the impact on external investor holdings.

Panel B presents the regression results of the short-selling mechanism's impact on
corporate governance capabilities and ownership structure for companies with lower
core human capital investment. The findings indicate that the mechanism's influence
on internal governance structure (govl) is reduced, with model (1) showing signifi-
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cantly lower significance compared to Panel A. However, its impact on external inves-
tor shareholdings (gov2) remains largely unchanged, as the significance of model (2)
remains stable relative to Panel A. Regarding ownership concentration, the short-sell-
ing mechanism’s effect is notably weakened, with model (3) showing non-significant
regression coefficients.

This difference arises because companies with low core human capital may lack
enough high-quality talents to effectively cope with the pressure brought by the short-
selling mechanism, resulting in insufficient motivation to improve governance struc-
tures, weak capabilities in organizational innovation and change, and weak external
capabilities. Many problems, such as insufficient flexibility in responding to market
changes, affect governance improvements. Such companies may also lack the resources
to optimize governance, preventing the short-selling mechanism from fully exerting its
due promoting effect.

Finally, companies with low core human capital may face greater operating risks,
and external investors (especially institutional investors) may be more inclined to adopt
a cautious strategy and reduce their shareholding ratio. Even if the short-selling mech-
anism improves information transparency, if the market's overall trust in companies
with low core human capital is low, the shareholding behavior of external investors
may still lack an obvious response. In this case, although individual shareholders and
institutional investors have access to more information, their decisions may still be lim-
ited by uncertainty about the company's future development, resulting in insignificant
regression coefficients.

7 Research Conclusions and Implications

The short-selling mechanism significantly enhances digital transformation. However,
for enterprises with a weaker digital foundation, this effect is relatively limited. Re-
garding the intermediary mechanism, the short-selling mechanism has an indirect im-
pact on digital transformation by improving corporate governance capabilities and re-
ducing ownership concentration. Enhanced governance capabilities improve the deci-
sion-making efficiency and transparency of enterprises, allowing digital transformation
strategies to be executed more smoothly. Reducing ownership concentration may pro-
mote diversified opinions and innovative thinking, thereby providing more possibilities
for the digitalization process. Additionally, core human capital acts as a lubricant in
this process, with the effectiveness of the short-selling mechanism being highly de-
pendent on the enterprise's level of human capital.

In terms of improving corporate governance capabilities, management should im-
prove information transparency, strengthen communication with shareholders and
stakeholders, and ensure that they understand the company's operations and strategic
direction. At the same time, board members should ensure diversity and introduce
members with different knowledge backgrounds to improve decision-making effective-
ness. Adjusting the shareholding structure is also crucial. By attracting diversified in-
vestors, reducing excessive concentration of ownership and encouraging diverse opin-
ions, we can promote corporate innovation. Promote employee stock ownership plans
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and increase investment in human capital to give full play to the role of talents. In ad-
dition, companies should develop systematic talent development plans to enhance em-
ployees' digital skills and innovation capabilities, and attract external experts with rel-
evant experience to help design and implement transformation strategies. In terms of
strategic planning, it is crucial to set clear short-term and long-term digital goals and
maintain strategic flexibility and adaptability. In terms of culture shaping, we encour-
age innovation and experimentation, build a corporate culture that supports innovation,
and allow employees to try new tools and methods to provide continuous motivation.
Finally, actively respond to external supervision, promptly analyze market and share-
holder feedback, identify deficiencies in digital transformation and optimize strategies.
Under market fluctuations and pressure, establish a strong risk management mechanism
to ensure the stability and safety of the transformation process.
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