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Digital transformation, as an important way to optimize the existing resources of

enterprises, is a driving force to achieve their high-quality development.

Intangible capital is used to reflect the status of digital transformation of

enterprises, so as to explore the relationship between the decision of

enterprises on digital transformation and the ESG scoring effect of enterprises

under financing constraints. The results show that when enterprises are faced

with strong financing constraints, the management’s decision on digital

transformation tends to be conventional. Although maintaining the traditional

business model is more beneficial, it is not conducive to the improvement of ESG

score. To further analyze the digital transformationmechanismof enterprises, this

paper examines the decision-making behavior of enterprises under financing

constraints from the perspective of intermediary mechanism. The results show

that the decision of increasing intangible capital of enterprises promotes the

improvement of enterprise performance, and then drives the promotion of the

enterprise ESG score. This study enriches the research achievements in the field

of digital transformation of enterprises, and provides reference for

heterogeneous enterprises to select digital transformation decisions.
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1 Introduction

The input with information technology and data as key elements has become an

important way for the transformation, upgrade and leapfrog development of enterprises.

Since the Fifth Plenary Session of the 18th CPC Central Committee put forward the

“implementation of the national big data strategy”, relevant departments have issued
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corresponding support policies to promote the digital

transformation of enterprises. By the end of 2020, the

digitalization rate of production equipment of industrial

enterprises above designated size has reached 49.4%1. To

realize digital transformation, enterprises need to invest more

resources in IT, digital transformation and talents (Li et al.,

2020). General Purpose Technologies input in digital

transformation often need a lot of other complementary

investments, such as business process redesign, new product

and business model development and related human capital

investment (Brynjolfsson et al., 2021). These complementary

investments are often invisible and difficult to measure, and it

is difficult to fully reflect their business performance and

enterprise value. Accounting methods failing to reflect

intangible capital significantly reduce the vitality of enterprises

and markets (Farhi and Gourio, 2018; Autor et al., 2020; Crouzet

and Eberly, 2021). However, according to the major ESG

evaluation systems in the world, all ESG evaluation systems

include information technology related options. Therefore, is

there a correlation between the increase of intangible capital

brought by digital transformation and the ESG score? The

existing research rarely deals with this topic.

ESG involves a wide range of contents in Environmental,

Social and Governance. In order to accurately obtain the

evaluation of E, S, and G, corresponding digital

transformation is also required, such as adding corresponding

software and information systems, etc (Jun et al., 2022).

Emerging technologies such as artificial intelligence have

driven society into the era of digital economy, and its

foothold lies in the transformation and application of

enterprise digitalization. The disclosure of digitization-related

information is a form of intellectual capital disclosure that can

provide investors with potentially value-related information

(Ricci et al., 2020), especially contributing to the improvement

of ESG scores. In an era where society attaches great importance

to ESG, poor performance of ESG means that companies do not

pay enough attention to environmental and social responsibility,

and corporate governance needs to be further improved at all

stages (Thomas, 1995). The ESG score obviously represents its

market prospects, and with the advancement of the digitalization

process, the flow of internal resources within the enterprise is

smoother and the information is more transparent (Wang

Xiaohong et al., 2022), and the ESG score is correspondingly

higher. From the perspective of the social responsibility of

economic entities, digital transformation will also deeply

empower enterprises to fulfill their social responsibilities,

thereby generating social spillover effects through more and

better corporate social responsibility. Digital transformation

can not only enhance the willingness of enterprises to fulfill

their social responsibilities, but also improve the ability of an

enterprise to fulfill its social responsibilities and to enhance the

fulfillment of corporate social responsibilities by improving the

enterprise management mechanism, improving the production

methods of the enterprise, and improving the external relations

of the enterprise (Shen Minghao, 2022).

Will the large amount of unaccounted intangible capital

invested in the process of digital transformation affect the

enterprise ESG score? How to measure the intangible capital

invested in the process of enterprise digital transformation?

Whether intangible capital has synergy with tangible capital

and its influence on the enterprise ESG score has become the

focus of academic circles. To analyze the above problems, the

academic circles have carried out relevant research, which mainly

focuses on the measurement of intangible capital, the influence of

intangible capital on enterprise performance and the choice of

intangible capital.

First, the meaning and measurement of intangible capital.

Intangible capital is usually defined as the intangible resources

that enter the production process (Yang and Shi, 2018), mainly

including software, intellectual property, brand and innovative

business processes (Crouzet and Eberly, 2019). It is highly

correlated with tangible capital (McGrattan and Prescott,

2014) and is one of the important driving forces of business

activities. In the process of enterprise digital transformation, in

addition to the equipment related to digital equipment,

enterprises also need intangible resources such as

management and training, business process transformation,

information network and corporate culture, which have

increased intangible capital after accounting treatment (Xiang

and Tian, 2014). Therefore, the intangible capital discussed in

this paper refers to the result of accounting treatment of

intangible resources invested by enterprises in the period of

digital transformation. It is used to depict the underestimation

of the potential enterprise ESG score due to the failure to

accurately reflect the value of intangible capital in financial

statements.

FIGURE 1
Enterprise digital decision-making process.

1 This article is a general OLS measurement model. Of course, the core
explanatory variable in the measurement model is the interaction term
of the logarithm of intangible capital and the logarithm of fixed assets.
The setting condition of this interaction variable is the effect of the
explanatory variable intangible capital on the explained variable. When
potentially affected by fixed assets, we need to consider using
regression with interaction terms.
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According to the traditional accounting standards, the balance

sheet cannot reflect the value brought by new business processes or

other types of intangible capital. Intangible capital has been

considered to be particularly elusive, and its depreciation rate is

unknown, so it is difficult to adopt the traditional methods for

evaluating capital stock (Tambe et al., 2020). How to measure

intangible capital is one of the core issues concerned by academic

circles. Throughout the existing research, the main methods to

measure intangible capital are: adopting enterprise knowledge

capital and organizational capital (Peters and Taylor, 2017),

Tobin Q (Brynjolfsson et al., 2021), IT investment

measurement (Tambe et al., 2020), and input-output

(McGrattan, 2020). The above methods are mainly based on

the sources of intangible capital, and measured from two

dimensions including input and output (Xu et al., 2018).

Although these two methods of measuring intangible capital

complement each other and improve the accuracy of intangible

capital assessment, it is difficult to reflect the various intangible

complementary investments invested by enterprises in the process

of digital transformation in the three major statements. For

example, Peters and Taylor (2017) measured intangible capital

in the fields of R&D, management, sales, etc. Although it can be

found in financial statements, the measurement involving other

intangible investments still needs further study.

Second, the influence of intangible capital on enterprise

performance. Intangible capital, such as software and information

systems, is becoming increasingly important to the profits of

enterprises, and the expansibility of intangible capital makes it

easier for enterprises to gain competitive advantage (Autor et al.,

2020; Akcigit and Ates, 2021). The influence of intangible capital on

enterprise performance can be summarized from two aspects. On the

one hand, intangible capital can improve enterprise productivity by

increasing industry concentration and market forces (Crouzet and

Eberly, 2018; Crouzet and Eberly, 2019); on the other hand,

enterprises adopt more intangible capital and scale-biased

technology brought by the progress of information technology,

which forms the “superstar” effect (Autor et al., 2020), and realizes

the steady growth of profits. Intangible capital not only affects the

business performance of enterprises, but also affects the

macroeconomic quality. It is an important source of productivity

and economic growth (Yang and Shi, 2018). According to the

research of Crouzet and Eberly (2021), intangible capital affects

the accuracy of total factor productivity in the United States,

especially when the wrong measurement of intangible capital and

the increase of bonus rate together cause a downward deviation of

one-third to two-thirds of total factor productivity growth in the

United States. Based on this, intangible capital investment affects

enterprise performance, and more resources can be invested in the

process of enterprise ESG construction when enterprise performance

is improved, thus improving enterprise ESG score.

Third, the choice of intangible capital investment of enterprises.

Although some studies have shown that the input of intangible capital

can help enterprises improve their performance, not all types of

intangible assets can achieve enterprise performance improvement

(Chappell and Jaffe, 2018). The existing research on the choice of

intangible capital of enterprisesmainly focuses on two aspects. On the

one hand, it is considered that the intangible assets of enterprises are

puzzled by financing constraints, because under the financial

constraints, enterprises can obtain additional cost bonus through

intangible capital, thus distorting the decision of enterprises on

investment in intangible capital (Altomonte et al., 2021). The

availability of financing is the key factor for enterprises to invest in

intangible capital; On the other hand, the choice of intangible capital is

faced with the opportunity cost of balancing with tangible capital. As

the intangible investment of enterprises is as important as the tangible

investment (Corrado et al., 2009), the study of American companies

by McGrattan & Prescott (2014) confirms that intangible investment

is highly correlated with tangible investment. Therefore, in the face of

uncertain external environment, the management of enterprises is

facedwith certain choices of the intangible capital investment required

for digital transformation.

To sum up, the existing researches mainly focus on the

problems of intangible capital and business performance.

Although some researches begin to involve the choice of

intangible capital investment, there is a lack of consideration on

the choice of intangible capital investment, the synergy between

intangible capital and tangible capital, and even less research on the

choice of intangible capital investment from the level of business

pressure. Therefore, compared with the existing literature, the

marginal contribution of this paper may lie in: First, analyzing the

influence of digital transformation and enterprise ESG score from

the perspective of the choice of intangible capital investment of

enterprises. Especially, considering the influence of the decision of

enterprises on digital transformation on the enterprise ESG score

under the background of financing constraints; Secondly, using the

interaction between intangible capital and fixed assets to express

the synergy between them after the enterprise makes decision on

digital transformation, and measuring the influence of digital

transformation on the enterprise ESG score from the

perspective of capital synergy after the digital transformation of

enterprises. Using the interaction between intangible capital and

fixed assets to measure the effect of digital transformation of

enterprises. Compared with that using a single intangible

capital, it can better reflect the collaborative transportation

result of intangible capital and fixed assets after decision-

making of digital transformation made by enterprise

management, and its conclusion may be more convincing.

Thirdly, using the ratio of intangible capital to fixed assets to

measure the decision-making behavior of enterprises in digital

transformation. The ratio of intangible capital to fixed assets is

divided into three quantile groups according to 25, 50, and 75%,

which are multiplied by the financing constraints of enterprises,

respectively, to depict the dynamic changes of intangible capital

selection of heterogeneous enterprises, and to show the influence

of the changing state of intangible capital on the ESG score of

enterprise performance in the process of digital transformation.
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2 Theoretical model

To describe the decision of enterprises on digital transformation,

this study adopts the general equilibrium model, integrates the

operating pressure, financing constraints and choices of

intangible capital investment into the model, and discusses the

effects of operating pressure, financing constraints and intangible

capital investment choices on enterprise performance. To analyze

this problem, this paper studies the three-sector model, as follows:

2.1 Family sector

Drawing lessons from Altamonte et al. (2021) to describe the

consumer behavior pattern. It is assumed that the representative

household consumption income is y. In a given case, the

combination of different kinds of commodity i can be

expressed as {pi}i∈M. Then, the consumption function of

representative families can be expressed as:

ci ≡ C(pi, P, Q) � QD(pi/P) (1)

Where, D(p/P) is a second-order continuously differentiable

function, and Dp/P
′ < 0.

2.2 Enterprise sector

As far as enterprise sector is concerned, its decisions on

production are made as follows: 1) The enterprise keeps the

traditional technology at the ratio of 1 − φ(0<φ≤ 1) to continue
production; 2) The enterprise chooses digital transformation at

the ratio of φ(0<φ≤ 1), that is, investing in new technologies

represented by intangible capital (hereinafter referred to as new

technologies). Supposing that si represents the marginal cost

reduction brought by the application of new technology,

si ⊂ [0, 1). With given new technology investment, the cost

function with new technology is considered as f(si).
Assuming that the cost function with new technology

investment meets the monotonic increasing feature, it is

similar to the function of the total enterprise cost. The

function of the enterprise cost is shown in the following equation:

TC(qi) � φ · [f(si) + (1 − si)qi] + (1 − φ) · qi (2)

In terms of the decision onmaintaining traditional technology

or making investment in new technology, the enterprise

management needs to consider the business pressure. Under

the pressure of operation, enterprises are more likely to choose

leverage financing. Studies have shown that the management’s

choice of leverage ratio is based on the judgment of the enterprise’s

future development. If there are good projects, the enterprise needs

to raise funds externally (Harris and Raviv, 1991). Generally

speaking, the greater the business pressure faced by an

enterprise, the greater the possibility that the management will

consider investing in new technologies, and the greater the

possibility of financing through financial institutions. Assuming

that the cost function of an enterprise is expressed as:

TC(qi) � φ · [f(si) + (1 − si)qi] + (1 − φ) · qi (3)

In addition to business pressure, which will affect the

management’s decision-making, corporate financing constraint

itself is also an important factor affecting management’s choice of

new technology investment. Generally speaking, the weaker the

corporate financing constraint, the easier it is for the management

to raise funds to invest in new technologies. Let τ represent the

constraint state of enterprise financing, and let it be an exogenous

variable. If its value satisfies τ > 0, it obeys the cumulative probability

distribution G(τ), and the value is within [τ,∞ ). Under the

financing constraints, the financing scale of new technology

investment decided by the management should meet the following

conditions: g(s, τ) � (1 + 1
τ)f(s).

2.3 Bank sector

Faced with financing constraints, to increase investment in

new technologies, enterprises can raise funds from the financial

sector through mortgage. Assuming that the initial investment

assets of an enterprise arefe (such as fixed assets at the beginning

of the period) and the assets are used as collateral, and assuming

that the mortgage rates of the initial investment assets are ϑ and

ϑ ∈ (0, 1). If ϑ is lower, the mortgaged assets of the enterprise will

be fewer. To meet the capital demand of new technology

investment, it is necessary to raise more funds from the bank,

and the enterprise will have to bear more interest expenses.When

an enterprise is faced with operating pressure and financing

constraints, assuming that the probability of the enterprise

choosing to perform the contract is λ, the expected interest

income that the bank can get at this time is λR(s, τ). If the
enterprise defaults, the bank can only recover the principal

(1 − λ)ϑfe. It can be seen that, in the face of operating

pressure and financing constraints, the balanced loan and

income of the enterprise and the bank can be expressed by

the following equation:

−g(s, τ) + [λR(s, τ) + (1 − λ)ϑfe]≥ 0 (4)

2.4 Maximizing the profits of enterprises

According to the principle of supply and demand of family

sector, bank sector and enterprise sector, the conditions for profit

maximization of enterprise sector can be expressed as follows:

max
p,s

(p − 1 + s)q(p/P,Q) − [λR(s, τ) + (1 − λ)ϑfe]

s.t. q(p/P,Q) � QD(p/P) (5)
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(p − 1 + s)q(p/P,Q)≥R(s, τ) (6)
−g(s, τ) + [λR(s, τ) + (1 − λ)ϑf]e ≥ 0 (7)

According to the profit maximization function of enterprises,

max
p,s

(p − 1 + s)q(p/P,Q) − g(s, τ) (8)

On both sides of Eq. 8, the derivative of s is obtained, and

QD(p/P) � g′(s, τ) � (1 + 1
τ)f′(s) is obtained. Because τ > 0

and the cost function of enterprises’ choice of new technology

investment’ meets the monotonic increasing feature (f′(s)> 0),
QD(p/P) � g′(s, τ)> 0. This indicates that enterprises choose

the optimal financing scale for intangible asset investment under

the operating pressure and financing constraints to achieve the

maximum output. According to this feature, inference 1 is drawn.

Inference 1: the weaker the financing constraint τ of an

enterprise, the larger the financing scale of the enterprise’s output

and investment in new technologies, which means that the

enterprise is more motivated to carry out digital

transformation. In other words, the management has more

courage to “cut off all means of retreat” to carry out digital

transformation, namely the increases in intangible capital

investment, thus promoting the ESG information disclosure of

enterprise.

Deriving from both sides of Eq. 8 about p, q
q′ � φ(1 − s). To

analyze the problem in a simple manner, it is assumed that the

marginal cost reduction s brought by the new technology is

constant. Because the enterprise’s choice of technology

investment is 0<φ≤ 1 and 0≤ s< 1, q
q′> 0. That is, the

contribution of marginal product to the total output is greater

than 0. To make the q
q′ on the left side of the equation larger, on

the right side of the equation, the proportion of intangible capital

investment should be higher or the cost of new technology should

be reduced faster. Because the cost reduction of new technology

investment is difficult to measure, this study will not consider the

cost reduction s for the time being. Based on this, this study puts

forward the following inference:

Inference 2: considering that other conditions remain

unchanged, the greater the intangible capital investment ratio

caused by the decision of enterprises on digital transformation,

the more conducive it is to promote the ESG information

disclosure of enterprises.

2.5 Enterprise digital decision-making
process

In a volatile, uncertain, complex and ambiguous digital

environment, unplanned digital initiatives are infeasible, and

the lack of clear strategic goals and practical paths will lead to

unsatisfactory digital transformation of enterprises (Amit &Han,

2017; Lichtenthaler, 2020). However, considering the high

frequency of unexpected events in the process of digital

transformation (Nambisan et al., 2017), it is not feasible to

strictly follow the strategic plan and achieve digital

transformation by avoiding risks. Especially when the

management plays the role of an agent, on the one hand, the

management is hired and assessed by the principal, and has the

motivation to improve the company’s ESG through digital means

and achieve the improvement of the company’s performance; on

the other hand, when the company faces financing constraints,

The digital transformation of the management is faced with the

“dilemma” of choosing, that is to “break the boat” to carry out

digital transformation or maintain the original model? In

summary, the digital decision-making process for

management is shown as Figure 1.

3 Data, variables and statistical
description

3.1 Data description

The research objects of this paper are A-share listed

companies. The data comes from Wind Information Financial

Terminal Database, covering the period from 2017 to 2020. To

avoid data interference to the accuracy of research conclusions,

according to the usual practice of existing research, the data

processing methods of this paper are as follows: 1) Delete ST, *ST

and the stocks to be delisted; 2) Delete financial listed companies;

3) Delete listed companies with a listing period of less than 1 year.

Due to the significant heterogeneity among listed companies,

especially the quite different financial indicators of some listed

companies, to avoid the interference of the outliers of individual

indicators on the sample data, this paper adopts 1% truncated

processing for all data.

3.2 Description of measurement model
and variables

3.2.1 Model building
To construct and depict the decision of enterprises on digital

transformation, measure the digital transformation of enterprises

with intangible capital, and consider the synergy between

intangible capital and fixed assets (the interaction between

intangible capital and fixed assets), the following measurement

models are considered:

ln esgit � α + β1 ln int an capit × lnfixit + β2Xit + ε (9)

ln esgit in Eq. 9 is the explained variable, which represents the

logarithm of the ESG information disclosure score of company i

in t, and is used to describe the ESG information disclosure status

of the enterprise; both intangible capital and tangible capital

(fixed assets) are a kind of capital. To describe the mutual
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promotion between intangible capital and tangible capital (fixed

assets) after the choice of intangible capital investment, the

interaction term (ln intan capit × lnfixit) between the

intangible capital logarithm and the fixed asset logarithm is

introduced as an explanatory variable1. Xit indicates control

variables, mainly including ending cash flow logarithm

(lncash), Tobin Q (tobin_q), asset-liability ratio logarithm

(lndebt), the shareholding ratio of the top ten shareholders

(lnshare_holder) and business performance (lnincome).

According to Eq. 9, the expected β1 sign is positive, which

indicates that the choice of intangible capital investment and the

promotion of fixed assets are helpful to improve the performance

of enterprises.

3.2.2 Description of main variables
ESG information disclosure of explained variables. ESG

disclosure data of A shares began in 2017, and the collection

range of equity research data is A shares non-ST shares from

2017 to 2020. ESG refers to the score of corporate social

responsibility. This study mainly adopts the A-share Wind

score standard and FTSE Russell score standard.

Explaining the interaction between the logarithm of variable

intangible capital and the fixed asset logarithm. In the process of

digital transformation, with the increase of intangible capital

investment, the cooperation between intangible capital and fixed

assets is helpful to improve enterprise performance. In this study,

intangible capital investment mainly includes intellectual capital

and organizational capital (Eisfeldt and Papanikolaou, 2014;

Peters and Taylor, 2017). Intellectual capital is measured by

R&D input and expenditure, and sales, general and

administrative expenditures (SG&A for short) are accounted

into intangible capital by using perpetual inventory method.

This study draws on Peters and Taylor’s (2017) method for

intangible capital accounting. To analyze the problem in a simple

manner, see the choice of intangible capital investment below as

the digital transformation decision-making of enterprises.

In this study, intangible capital is not used alone, but

expressed by the interaction between intangible capital and

fixed assets. There are two reasons: First, in the digital

transformation of enterprises, with the input of intangible

capital, intangible capital still needs to rely on fixed assets and

other equipment to achieve mass production, and there is certain

mutual synergy between intangible capital and fixed assets;

secondly, to describe the decision of enterprises on digital

transformation, it can be measured by the ratio of intangible

capital to fixed assets, and the influence of the interaction

between intangible capital and fixed assets on enterprise

performance can be measured by the change of the ratio of

intangible capital to fixed assets.

Business performance (income). The existing indicators of

enterprise performance measurement mainly include return on

assets (Brown and Kimbrough, 2011; Zhang et al., 2015; Dai and

Li, 2021; Zheng and Huang, 2021), return on equity (Zhang et al.,

2015; Dai and Li, 2021), sales profit rate (Zhang et al., 2015),

operating income growth (Liu M. et al., 2021), per capita

operating income (Zhang and Pan, 2019), and Tobin’s Q

(Abernethy et al., 2019). To implement digital transformation,

enterprises often need to invest more in digital resources and

organizations (Wang and Wang, 2021), and realize product and

service innovation to meet customer needs (Luo and Jiang, 2021).

To catch the change of enterprise management caused by the

choice of intangible capital investment in the digital

transformation of enterprises, the method put forward by

Zhang and Pan (2019) is used for reference, and the operating

income indicator is used to measure enterprise performance. At

this time, compared with other indicators, operating income can

more directly reflect the change of output caused by the digital

transformation of enterprises.

Financing constraints. The existing indicators for measuring

the financing constraints faced by enterprises mainly include SA

(Lu and Chen, 2017; Jiang et al., 2019; Zhou et al., 2021), KZ

index (Jiang et al., 2019) and WW index. In this study, SA

method is adopted for financing constraints.

Other control variables. To avoid the possible collinearity

between the control variables and the explained variables, the

control variables in this study mainly include ending cash flow

logarithm (lncash), Tobin Q (tobin_q), asset-liability ratio

logarithm (lndebt) and the top ten shareholders’

shareholding ratio (lnshare_holder) by referring to the design

methods of Jiang et al. (2019) and Zhou et al. (2021). The

logarithm of cash flow at the end of the period (lncash) is mainly

measured by the ending balance of cash and cash equivalents in

the financial report of the listed company; Tobin’s Q (tobin_q)

is measured by the ratio of the company’s market value to

replacement cost.

3.2.3 Statistical description
Logarithmic transformation is adopted for dependent

variables, in which the related variables such as final cash

flow, operating pressure, and financing constraint variables

may have negative values and will be treated according to

the digital-to-analog conversion equation. To reduce the

interference to the accuracy of the model caused by the

possible abnormal values of related variables, all variables are

truncated by 1%.

See Table 1 for statistical description of main variables.

As shown in Table 1, the minimum and maximum scores of

ESG information disclosure scores of listed companies are

1 This article is a general OLS measurement model. Of course, the core
explanatory variable in the measurement model is the interaction term
of the logarithm of intangible capital and the logarithm of fixed assets.
The setting condition of this interaction variable is the effect of the
explanatory variable intangible capital on the explained variable. When
potentially affected by fixed assets, we need to consider using
regression with interaction terms.
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0.77 and 2.27, respectively, indicating that there is a big gap

among listed companies. The logarithmic minimum and

maximum values of operating income of listed companies

are 0.30 and 7.27, respectively, which leads to such great

differences among listed companies. On the one hand, it may

be related to the status of the industry in which the

enterprises are located, and on the other hand, it may be

related to the ESG information disclosure decision of

enterprise management. Furthermore, the minimum value

and maximum value of the interaction term (lncap_fix)

between variable intangible capital logarithm and fixed

asset logarithm are −1.73 and 7.12, respectively, which

indicates that there is a big difference in heterogeneity

among enterprises. On the one hand, it is the

heterogeneity of the company itself; on the other hand, it

is mainly reflected in the difference caused by the choice of

intangible assets of enterprises in the process of digital

transformation.

4 Empirical analysis and results

4.1 Benchmark regression results

Equation 9 reflects the impact of the interaction between

intangible capital and fixed assets on enterprise performance, as

shown in Table 2. According to Table 2, Column (1) indicates the

cash flow logarithm (lncash), Tobin Q (tobin_q), asset-liability

ratio logarithm (lndebt), the top ten shareholders’ shareholding

ratio (lnshare_holder), business performance (lnincome), time

and industry fixed effect at the end of the control period. Without

considering the financing constraints, the interaction between

the intangible capital logarithm and the fixed asset logarithm is

helpful to improve the enterprise ESG score. The performance

interaction item lncap_fix is increased by 1%, and the enterprise

ESG score is increased by 0.014%; Column (2), on the basis of

Column (1), considers the influence of the interactive item

lncap_fix on the enterprise ESG score under the financing

constraints faced by the enterprise. The results show that the

influence of interactive item lncap_fix on enterprise ESG score is

0.004% higher than that of Column (1), indicating that the digital

transformation of management is more helpful to improve

enterprise ESG score under financing constraints.

Furthermore, to test the robustness of Columns (1) and (2) in

Table 2, this paper intends to adopt FTSE Russell scoring

standard. Column (3) of Table 2 considers the regression

result of FTSE Russell score, and the result shows that the

interaction between the intangible capital logarithm and the

fixed asset logarithm can promote the improvement of

enterprise ESG score, which is reflected by every 1% increase

of interaction lncap_fix contributing to every 0.11%increase of

enterprise ESG score. The effect of FTSE Russell score is

obviously better than that of Wind ESG score; similarly, on

the basis of Column (3), Column 4) considers the influence of the

TABLE 1 Statistical description of main variables.

Variable Obs Mean Std.Dev Min Max

lnesg 5,146 1.82 0.16 0.77 2.27

lncap_fix 11,985 2.64 1.70 −1.72 7.12

lnincome 15,356 3.05 1.43 0.30 7.27

lncash 15,351 1.53 1.46 −1.83 5.63

tobin_q 13,940 1.82 1.71 0 9.91

lndebt 15,358 −1.33 0.18 −1.81 0.18

lnshare_holder 13,760 4.08 0.27 3.26 4.56

lnsa 15,358 −1.33 0.18 −1.81 0.18

Note: The data comes from Wind information, and the relevant data is self-made.

TABLE 2 Benchmark regression results.

lnesg lnesg lnfs_esg lnfs_esg

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

lncap_fix 0.014*** (0.003) 0.018*** (0.003) 0.11*** (0.0015) 0.11*** (0.014)

lnincome 0.01** (0.004) 0.01*** (0.004) −0.004 (0.02) −0.02 (0.02)

lncash 0.02*** (0.003) 0.02*** (0.003) 0.05*** (0.01) 0.04*** (0.01)

tobin_q 0.005*** (0.001) 0.0002 (0.001) −0.02** (0.006) −0.016** (0.006)

lndebt −0.02*** (0.006) −0.02*** (0.006) −0.03 (0.03) −0.04*** (0.04)

lnshare_holder −0.05*** (0.01) −0.04*** (0.01) −0.01 (0.05) −0.02** (0.01)

lnsa 0.06* (0.03) 0.001 (0.05)

Industry-level fixed effect Yes Yes Yes Yes

Year-level fixed effect Yes Yes Yes Yes

Adj-R2 0.22 0.26 0.40 0.40

Observed value 4,856 4,856 1,240 1,240

Note: * * *, * * and * represent the significance level of 1, 5 and 10% respectively; The values in brackets are standard errors.
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interactive item lncap_fix on the enterprise ESG score under the

financing constraints faced by enterprises. The results show that

the interactive item lncap_fix contributes to the improvement of

enterprise ESG score.

The above results show that under the financing constraint,

the interaction between the intangible asset logarithm and the

fixed asset logarithm is helpful to promote the enterprise ESG

score. To get rid of the financing constraint, the management is

motivated to change the ratio of intangible capital to fixed assets,

that is, to promote the structural transformation of enterprises, so

as to achieve the purpose of improving business performance.

4.2 Financing constraints and enterprises’
choice of intangible capital of

Column (2) of Table 2 shows that the financing constraint

makes the interactive item lncap_fix promote the improvement

of enterprise ESG score. How does financing constraint reduce

the impact of interactive item lncap_fix on the enterprise ESG

score? To analyze this problem, with other conditions

unchanged, this paper reveals how the financing constraints

faced by enterprises affect the decision of enterprises on

digital transformation, and then depicts its impact on

enterprise ESG score.

The financing constraint SA is divided into three dimensions

according to the 25 and 75% quantiles, and the SA value with

quantile less than 25% is defined as the group with strong

financing constraint; the SA value with quantile between

25 and 75% is defined as the group with strong financing

constraints; the SA value with quantile greater than 75% is

defined as the group with weak financing constraints.

Therefore, CF1, CF2 and CF3 are respectively used to

represent three virtual variables: strong financing constraint,

relatively strong financing constraint and weak financing

constraint.

The three virtual variables showing the strength of financial

constraints faced by enterprises are multiplied by the intangible

capital logarithm, respectively, to describe the influence of digital

transformation decision on enterprise performance under the

financial constraints faced by enterprises. The results are shown

in Table 3. According to Table 3, the Column (1) of Table 3 shows

that when the interactive item lncap_fix is increased by 1%, the

enterprise ESG score is increased by 0.021%, which is consistent

with the conclusion of Column (2) of Table 2. The process of

financing constraints affecting the influence of digital

transformation decision-making on enterprise ESG score can

be expressed as follows: under strong financing constraints,

increasing intangible capital investment will increase

enterprise ESG score by 0.007%; however, in the face of weak

financing constraints, increasing intangible capital investment

will not improve the enterprise ESG score; faced with weak

financing constraints, increasing intangible capital investment

will increase the enterprise ESG score by 0.008%. Compared with

the enterprises not under financing constrains, increasing

intangible capital investment helps to improve the enterprise

ESG score under financing constraints.

The above results show that, when enterprises are faced with

financing constraints, increasing intangible capital investment

may not necessarily improve the enterprise ESG score, but will

promote enterprises under strong financing constraints to

continue to choose to invest in fixed assets, that is, to adopt

the conventional decision. With the gradual relaxation of

financing constraints on enterprises, the coefficients of

interactive terms intan_cap✕CF2 and intan_cap✕CF3 increase,

indicating that the decision on intangible capital investment is

helpful to improve enterprise performance. That is, the

management adopts the most dramatic decision on digital

transformation, thus promoting the improvement of

enterprise ESG score. To check whether the above conclusions

are correct, GMM method is adopted, and the results are shown

in Column (2) of Table 3, respectively. As shown in Column (2)

of Table 3, the results are basically consistent with those in

Column (1) of Table 3, indicating that financing constraints

restrict the choice of intangible capital investment of enterprises.

Take Mobvista (01860.HK), a digital marketing company, as

an example. Mobvista is a technology service company based on

the global mobile Internet ecosystem. Its main business is to

TABLE 3 Choice of intangible capital of enterprises under financing
constraints.

lnesg lnesg

OLS GMM

(1) (2)

lncap_fix 0.021*** (0.003) 0.019*** (0.003)

lnincome 0.002 (0.005) 0.006 (0.004)

lncash 0.01*** (0.003) 0.02*** (0.003)

tobin_q −0.002 (0.0015) 0.003** (0.001)

lndebt −0.03*** (0.01) −0.02*** (0.006)

lnshare_holder −0.02* (0.01) −0.05*** (0.01)

intan_cap✕CF1 0.05 (0.03) 0.02** (0.01)

intan_cap✕CF2 0.008** (0.004) 0.03 (0.03)

intan_cap✕CF3 0.007** (0.003) 0.005* (0.003)

Control of business pressure 是 是

Yes Yes

Industry-level fixed effect 是 是

Yes Yes

Year-level fixed effect 是 是

Yes Yes

Adj-R2 (within-R2) 0.26

Observed value 3,511 3,511

Note: * * *, * * and * represent the significance level of 1, 5 and 10% respectively; the

values in brackets are standard errors.
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provide mobile app developers with marketing technology

services and cloud computing technology services. Mobvista

was listed on the Hong Kong Stock Exchange in 2018 and is

known as “the first stock of intelligent mobile advertising in the

new economy in the world”. Most of the company’s revenue

comes from overseas, and it is one of the leading mobile Internet

companies going overseas. Its most important product is

programmatic advertising platform Mintegral. According to

the statistics of AppsFlyer in March 2022, Mintegral ranks

fourth in the global all-category retention strength list in both

iOS and Android systems. In addition to Mintegral, Mobvista

strives to build a SaaS tool ecosystem to empower B-end

customers and its own development, and build a shared and

win-win growth flywheel.

In the process of Mobvista’s investment in digitalization, it is

faced with a large financing constraint. According to the company’s

financial report, from 2017 to 2020, the company’s closing balance

of cash and cash equivalents at the end of the period was about

300million yuan on average. In 2017 and 2020, the initial balance of

cash and cash equivalents was -200 million yuan. However, in order

to survive in the industry, the company attaches great importance to

customer privacy, and always regards data supervision as an

important lifeline, which has been widely praised by the market.

In 2021, the company won the ESG Award Titanium Award from

Hong Kong’s “The Asset” magazine to Mobvista.

4.3 Mechanism inspection

To test the relationship between intangible capital investment

decision and enterprise ESG score, the intermediary mechanism

analysis is introduced, and the enterprise performance is selected

as the intermediary variable to study the path of enterprise ESG

score. See Table 4 for the results of intermediary mechanism

analysis. As shown in Table 4, Column (1) of Table 4 shows

that the improvement of enterprise performance significantly

improves enterprise ESG score; Column (2) of Table 4 shows

that after the introduction of intermediary variables, the

intermediary effect is 0.006. Although the intermediary effect is

not large, the effect is remarkable.

4.4 Heterogeneity analysis

The data description in Table 1 shows that there is great

heterogeneity among enterprises. When faced with financing

constraints and business pressure, are there differences in the

choice of intangible capital investment among different types of

enterprises? To analyze this problem, this paper attempts to

consider the nature of enterprises (state-owned enterprises and

private enterprises), the scientific and technological attributes of

enterprises (traditional manufacturing and high-tech enterprises)

and the proportion of intangible capital and fixed assets. Among

them, enterprises engaged in the top 10 areas specified in “Made in

China 2025″ are defined as high-tech enterprises, while others are

regarded as traditional manufacturing industries.

The heterogeneity analysis is shown in Table 5. As shown in

Table 5, Columns (1) and (2) in Table 5 correspond to the types

of enterprises. For the types of state-owned enterprises and

private enterprises, the lnintan_fix coefficient of the

interaction between the intangible capital logarithm and the

fixed asset logarithm is significantly positive after the selection

of intangible capital. However, the effect of state-owned

enterprises is better than that of private enterprises, which

indicates that the lnintan_fix coefficient of state-owned

enterprises is higher than that of private enterprises; for the

heterogeneous enterprises with scientific and technological

attributes, the intangible capital selection of traditional

manufacturing enterprises is better than that of high-tech

enterprises, which is reflected as their lnintan_fix coefficient of

interaction term being higher than that of high-tech enterprises.

For the groups with intangible capital accounting for 25, 50,

and 75%, the lower the proportion of intangible capital, the

higher the interactive item lnintan_fix coefficient, and the

stronger the willingness of enterprises to maintain fixed assets,

as shown in Columns (5), (6) and (7) of Table 5.

5 Main conclusions and policy
recommendations

5.1 Main conclusions

Not all enterprises have the genes of digital transformation,

and the management of heterogeneous enterprises is restricted by

operating pressure and financing constraints. Through the

TABLE 4 Regression results of intermediary mechanism.

lnincome lnesg

(1) (2)

lncap_fix 0.34*** (0.005) 0.018*** (0.003)

lnincome 0.01*** (0.004)

lncash 0.26*** (0.006) 0.02*** (0.003)

tobin_q −0.02*** (0.004) 0.0002 (0.001)

lndebt 0.34*** (0.01) −0.02*** (0.006)

lnshare_holder 0.15*** (0.02) −0.04*** (0.01)

lnsa −2.32*** (0.07) 0.06*** (0.03)

Industry-level fixed effect Yes Yes

Year-level fixed effect Yes Yes

Adj-R2 (within-R2) 0.85 0.26

Observed value 11,795 4,856

Note: * * *, * * and * represent the significance level of 1, 5 and 10% respectively; The

values in brackets are standard errors.
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investment of general-purpose technologies in enterprise digital

transformation, this paper measures the enterprise digital

transformation from the perspective of intangible capital, and

measures the degree of enterprise digital transformation by the

ratio of intangible capital to fixed assets. According to the mutual

cooperation between intangible capital and fixed assets, it captures

the influence and effect of digital transformation on enterprise ESG

score. The results show that: 1) The digital transformation of

enterprises is helpful to improve the enterprise ESG score. The

product of the intangible capital logarithm and the fixed asset

logarithm significantly improves the enterprise ESG score.

However, under financing constraints, the product of the

intangible capital logarithm and the fixed asset logarithm

improves the enterprise ESG score. 2) When enterprises are

faced with strong financing constraints, the management’s

decision on digital transformation is more “radical”, which is

more conducive to the improvement of enterprise ESG score,

and may be more beneficial to increase the process of digital

transformation.

5.2 Policy recommendations

Combined with the research conclusion, the suggestions for

heterogeneous enterprises to carry out digital transformation

mainly include:

First of all, revitalizing the assets, easing the financing

constraints of enterprises, and providing financing guarantee

for the digital transformation of enterprises. The conclusion of

this study shows that, faced with the double constraints of

business pressure and financing constraint, the best choice of

the management will be conventional. That is, the power of digital

transformation is insufficient, but it is beneficial to maintain or

increase fixed assets, which is not conducive to the transformation

and development of enterprises. Especially in the background of

advocating high-quality development, the middle and lower

reaches of the industry will face a big development dilemma in

the future if enterprises fail to seize the opportunity to catch

up. Especially for the traditional manufacturing industry, digital

transformation is imminent. For the traditional manufacturing

industry which mainly focuses on fixed assets, activating the fixed

assets and increasing the value of the fixed assets will help ease the

financing constraints and provide a good financing guarantee for

digital transformation. For the traditional manufacturing

industry, because the interaction item of the product of the

intangible capital logarithm and the fixed asset logarithm has a

good effect on enterprise performance, the digital transformation

of the traditional manufacturing industry is helpful to improve

enterprise performance. For the traditional manufacturing

industry with operating pressure, it is not appropriate to adopt

short-term assessment alone. By combining short-term

assessment with long-term assessment, the management will

TABLE 5 Heterogeneity differences of intangible capital choice of enterprises.

Lnincome Lnincome Lnincome

State-
owned
enterprise

Private
enterprise

Traditional
manufacturing
industry

High-tech
enterprise

φ_25 φ_50 φ_75

(1) (2) (3) (4) (5) (6) (7)

lnintan_fix 0.22*** (0.003) 0.02*** (0.003) 0.022*** (0.002) 0.021*** (0.005) 0.03***
(0.005)

0.03***
(0.003)

0.007*
(0.0036)

lncash 0.02*** (0.004) 0.018*** (0.00) 0.023*** (0.003) 0.013*** (0.006) 0.03***
(0.005)

0.014***
(0.004)

0.01***
(0.005)

tobin_q −0.004 (0.003) 0.002 (0.001) −0.001*** (0.002) 0.001 (0.003) 0.013***
(0.005)

−0.0036*
(0.002)

−0.003
(0.002)

lndebt −0.014 (0.01) −0.02*** (0.006) −0.01*** (0.006) −0.041*** (0.01) 0.01 (0.01) −0.04***
(0.007)

−0.01 (0.01)

lnshare_holder 0.03*** (0.01) −0.10*** (0.01) −0.04*** (0.01) −0.04** (0.02) −0.03*
(0.016)

−0.05**
(0.012)

−0.04***
(0.02)

lnsa 0.12*** (0.06) 0.06 (0.04) 0.035 (0.0035) 0.03 (0.07) −0.03 (0.07) 0.09** (0.04) −0.10* (0.06)

Industry-level fixed
effect

Yes Yes Yes Yes Yes Yes Yes

Year-level fixed effect Yes Yes Yes Yes Yes Yes Yes

Adj-R2 0.37 0.29 0.27 0.20 0.40 0.30 0.28

Observed value 2053 2,803 4,080 776 1,653 2,307 996

Note: * * *, * * and * represent the significance level of 1, 5 and 10% respectively; The values in brackets are standard errors.
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have the courage to “cut off all means of retreat” to carry out

digital transformation.

Secondly, launching special policies at the national level to

encourage the digital transformation of private enterprises.

Compared with state-owned enterprises, the digital

transformation of private enterprises mainly revolves around

marketization, without the support of special national policies.

Compared with state-owned enterprises, the interaction item of

the intangible capital logarithm multiplied by the fixed asset

logarithm brought by the digital transformation of private

enterprises has less effect on enterprise performance

improvement than that of state-owned enterprises. From the

marginal effect, there is more room for private enterprises to

improve their performance through digital transformation. From

the perspective of stimulating market vitality and building a new

development pattern, the state encourages the digital

transformation of private enterprises through relevant policies,

which will help accelerate the development of economy to high

quality and promote the pace of digital transformation of private

enterprises.

Finally, supporting the digital transformation of enterprises

having small proportion of intangible capital and facing

financing constraints and operating pressure. The research

shows that for enterprises with a small proportion of

intangible capital, the management has the courage to “cut off

all means of retreat” to carry out digital transformation under the

condition of appropriately relaxing the corporate financing

constraints. For this reason, enterprises with greater financial

constraints can carry out digital transformation with financial

support, and the specific measures can be taken from aspect such

as expanding the mortgage financing rate and providing green

financial support and personnel training support.
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