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Abstract: In recent years, Chinese manufacturing enterprises have competed to chase the wave of the
“digital revolution”; digital empowerment has become an important strategic path of technological
reform for many manufacturing enterprises. Based on the micro data of listed companies, this paper
investigates the impact of digital transformation of Chinese listed companies on the quality of their
export products. It is found that digital transformation can significantly improve the quality of
enterprises’ export products. After a series of robustness tests, this conclusion is still valid, and
there are two ways to improve innovation performance and total factor productivity. The export
product quality enhancement effect of enterprise digital transformation also has the heterogeneity
of ownership, region, and industry. Furthermore, this paper also examines the impact of digital
transformation on the internal salary gap of enterprises, and finds that digital transformation may
increase the internal salary gap of enterprises and form a “masking effect” on the quality of export
products. To a certain extent, this paper deepens the understanding of the study of enterprise digital
transformation on the quality of export products and its differences and provides certain guidance
for enterprises to implement the strategy of digital transformation.

Keywords: digital transformation; innovation performance; total factor productivity; quality improvement

1. Introduction

Since the country’s accession to the WTO, China’s foreign trade has achieved leapfrog
development. Through processing trade, China has participated in the global industrial
division of labor and promoted the initial development of the manufacturing industry.
However, in recent years, China’s labor costs have risen, traditional labor comparative
advantages have weakened, the internal and external environment is complicated and
severe, external demand is depressed, and trade frictions are frequent. As a result, the
long-term explosive growth rate of the foreign trade volume has slowed down, and the
competition among products in the international product market has shifted from price
competition to quality competition. The quality upgrade of export products is a key link
for Chinese manufacturing industries to maintain their competitiveness in international
markets. Digital economy continuously injects new impetuses into traditional economy
and has become an important driving force for national economic development [1]. The
rapid development of big data, artificial intelligence, cloud computing, and other infor-
mation technologies has driven a new round of industrial replacement and triggered
profound changes in international trade [2]. In 2021, the value added of digital economy in
47 major countries reached US $38.1 trillion, a nominal increase of 15.6 percent year on year,
accounting for 45.0 percent of GDP. The rapid development of digital economy improves
the production efficiency of enterprises, shortens the life cycle of products, and deepens
the transformation of product structure. This is certainly an opportunity for trading com-
panies in developing countries seeking to climb the global value chain [3]. Especially
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for developing countries with a huge market such as China, digital economy is not only
conducive to the innovative development of foreign trade, but also promotes the formation
of a “double cycle” development pattern [4], promotes China’s Internet to enter a new
stage from a consumer Internet to an industrial Internet. It is urgent to improve the high-
quality development of foreign trade. Digital empowerment is conducive to promoting
the digital transformation of China’s manufacturing enterprises, achieving high-quality
development of trade through export product upgrading, and improving the country’s
competitiveness in the global industrial value chain [5]. To study how foreign trade manu-
facturing enterprises, as micro subjects promoting digital transformation under the new
situation of accelerating the promotion of the digital enabling manufacturing industry,
can effectively release the effect of digital transformation on the quality improvement of
export products and how the effect mechanism of digital transformation impacts the quality
improvement of export products from China’s experience can provide a strong reference
value for developing countries in improving their trade competitiveness.

Based on the existing literature, factors influencing the quality of export products of
enterprises and the quality effect of export products of enterprises’ digital transformation
are investigated. The relevant research closely related to the issues concerned in this paper
is mainly as follows.

First of all, there is related research on the quality of export products. As the key to the
transformation of foreign trade growth pattern and the optimization of export structure,
export product quality concerns whether China can realize high-quality development of
trade. A new trade theory indicates that export enterprises have high production efficiency
and low production cost, so it is proposed that only enterprises with high production
efficiency will export [6], while the latest trade theory integrates the heterogeneity of
product quality on the basis of a traditional model [7]. The relationship between product
export quality, transportation cost, price, and productivity is analyzed using product
and enterprise level data. Enterprises with high productivity will choose to use high-
quality inputs to produce high-quality products for export to developed countries [8].
Secondly, because the quality level of export products is a latent variable that is difficult to
estimate, the quality level of export products is estimated mainly through product technical
complexity [9] and product use value [10]. The utility function of consumers is introduced
into the model derivation process, and the average utility is used to measure the product
quality level [11]. Finally, in the relevant research on how to improve the quality of export
products, it is found that the production of higher quality varieties of existing products by
export enterprises can help build the existing comparative advantages to improve export
income and productivity, while the quality of institutions, free trade policies, foreign direct
investment inflows [12], and human capital can promote the quality upgrade of export
products [13].

Secondly, there is research on the definition and measurement of digital transforma-
tion. The category of digital economy, including digital hardware and software infrastruc-
ture [14], digital business network and organization, and products traded in e-commerce,
lays the foundation for the measurement of enterprises’ digital transformation [15]. Rel-
evant research on digitalization, digitization, digitalization and digital transformation
includes three different development stages [16] (see Figure 1). Digital transformation
emphasizes enhancing the core competitiveness of enterprises in the business environment
market by developing new businesses [17]. Digital transformation will make use of digital
resources to generate differentiated value [18], promote the exchange and communication
between enterprises, so as to promote manufacturing enterprises to improve and create
production processes and products, and enhance their technological innovation perfor-
mance [19]. Digital technology, innovation, and skills are interdependent. Businesses need
new skills to innovate, learn, and adapt to evolving digital technologies, which in turn
require changes in the codification of knowledge in order to carry out productive and
innovative activities. In addition to using the density of industrial robots to measure the
indicators of different digital technologies [20], the influence and mechanism of digital
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empowerment on the quality of export products are discussed in depth. In addition, the
annual reports of listed companies in different years can be used to measure the digital
transformation of enterprises by word frequency statistics [21].
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Figure 1. Digital transformation and development stage.

Finally, there is research on the influence of enterprise digital transformation on
foreign trade. Digital economy is an important driving force to promote the high-quality
development of the manufacturing industry, which can improve the export competitiveness
of the manufacturing industry [22]. The intensity of digital transformation can significantly
improve the quality of export products [23]; digital transformation mainly affects the
domestic value-added rate of manufacturing exports [1] and further improves the product
quality of enterprises, thus enhancing the international competitiveness [24]. On the other
hand, the development of digital technology can reduce the costs of foreign trade enterprises
in five aspects, namely, search cost, reproduction cost, transportation cost, tracking cost,
and verification cost [25]. Among them, the reduction of search cost can improve the
efficiency of information matching and information communication and organization [26],
reducing the information cost and search cost of enterprises in international trade [23], so
as to improve the quality of enterprises’ export products [20].

Combing through the existing literature, it is found that there are many studies on the
measurement of export product quality and enterprise digital transformation, and most of
the studies argue that digital technology can significantly improve enterprises’ trade mode
and enhance the quality of export products. However, on the whole, there are the following
deficiencies: First of all, Khandelwal’s [20] approach is generally adopted to measure the
quality of export products, but the results vary greatly and may be negative, which cannot
truly reflect the quality level of enterprise products. Secondly, in the measurement of
enterprise digital transformation, management decision-making is an important factor
affecting enterprise digital transformation, but the current digital transformation indicators
rarely consider management decision-making factors. Finally, the existing literature has
carried out a theoretical review of the export product quality effect of enterprise digital
transformation, but there is a lack of empirical discussion on the mechanism verification
and analysis. The marginal contribution of this paper lies in the following aspects: In
terms of method measurement, this paper calculates the export product quality results
at the enterprise-product level using standardization and weighting methods, so as to
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eliminate the problem of large differences in export product quality results. In terms of
the measurement of digital transformation, this paper adopts a text analysis method to
extract the relevant statements of digital transformation in the management discussion
and analysis (MD&A) part in the annual report, so as to investigate the digital transforma-
tion of enterprises. From the perspective of research, considering that digital technology
itself has the externality of virtual agglomeration, which can significantly improve the
specialized division of labor and collaborative production capacity of products, it is an inter-
esting perspective to consider the promoting effect of technological progress and efficiency
improvement on product quality from the perspective of division of labor and collabora-
tive cooperation. From the perspective of enterprises, this paper discusses the influence
mechanism of digital transformation on the quality of enterprises’ export products and
considers the mechanism of innovation performance and total factor productivity, which
provides scientific support for in-depth discussion on the path of digital transformation to
promote the quality of enterprises’ export products. On further analysis, enterprise digital
transformation reduces the wage premium ability of low-skilled labor, and even replaces
low-skilled employees, widening the internal salary gap of enterprises. The increase of
the gap will affect the production efficiency of employees. In this respect, this paper finds
that enterprise digital transformation will widen the internal salary gap and, thus, have a
masking effect on the quality of export products. The internal mechanism of the internal
salary gap on export product quality in digital transformation is discussed.

The rest of this paper is arranged as follows: Section 2 discusses the theoretical
mechanism and research hypothesis. Section 3 describes the research design, including
model setting, sample selection and data sources. Section 4 provides empirical analysis,
including benchmark regression, robustness test, and mechanism analysis. Section 5 is the
conclusion and revelation, and discusses the relevant findings.

2. Theoretical Mechanism Analysis

The improvement of export product quality needs to be realized through the increase
of technical complexity and the improvement of product use value. The characteristics
of digital technology are, for example, information transmission across time and space,
data creation, sharing and helping to reduce transaction costs, and enabling enterprises to
realize the transformation of production mode with the help of digital technology. This
paper mainly studies the effect of innovation performance and total factor productivity on
the quality improvement of export products in digital transformation.

2.1. Innovation Performance

Innovation performance refers to the application of new technologies in production
activities by enterprises to improve production efficiency and increase the number of sub-
stantive innovations in invention patent applications [27]. Some scholars believe that the
number of patent applications of enterprises is a good indicator to measure innovation
performance [21], which is different from the number of invention patent applications and
non-invention patents included in the index to measure innovation ability. The world has
entered the dual-drive era of “innovation” and “data” [28]. At the macro level, digital tech-
nology, by virtue of its extensive permeability, data-driven, system intelligence, and other
features, reduces R&D costs and improves R&D efficiency, providing more possibilities
and development space for export enterprises to carry out innovative R&D and evolve
innovation modes [29,30]. Indirectly, it provides the necessary knowledge innovation
driving force and efficiency improvement foundation for upgrading the quality of export
products. At the meso-level, reusability and replicability of data information promote
data elements to be transformed into new knowledge for unlimited reuse among export
enterprises in the industry, and the open source and non-competitive characteristics of
digital technology determine its extensive diffusion and knowledge spillover effect [31].
Some studies have pointed out that innovation organizations can internalize relevant tech-
nical knowledge into new products, services, or processes through absorption capacity,
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thus promoting green innovation performance [26]. Therefore, the development of digital
economy provides a broader platform and element support for the innovative development
of export industry. At the micro level, the application of Internet technology reduces the
information asymmetry of the global market, and a fairer international market competition
environment makes continuous innovation become the main way for export enterprises
to maintain their market position [32]. At the same time, digital technology brings big
data, artificial intelligence, blockchain, and other new business forms and models. The
large-scale application of digital technology enables enterprises to more accurately grasp
the latest consumption preferences in the international market, greatly improve innovation
performance, and optimize the enterprise’s research and development mode through accu-
rate insight into the massive, personalized consumption demand. It can create a broader
space and platform for enterprise innovation, promote the improvement of enterprise
innovation performance through digital transformation [33–35], and indirectly promote
the quality upgrade of export products, as illustrated in Figure 2. Accordingly, this paper
puts forward:
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Hypothesis 1. Digital transformation can indirectly promote the quality improvement of export
products by improving the innovation performance of enterprises.

2.2. Total Factor Productivity

Total factor productivity refers to the systematic productivity of an enterprise, and the
improvement of total factor productivity is the development of industrial upgrading and
productivity, including not only the role of technological progress, but also business model
innovation, organizational reform, and management mode reform [36]. Firm productivity
has an important relationship with the development of international trade. According to
Melitz’s heterogeneous firm trade theory [6], the impact of firm productivity on export
is that only enterprises with higher production efficiency can explore the international
market due to higher export costs than in domestic trade. Digital transformation improves
total factor productivity by improving enterprise production efficiency [37], promotes
technological progress, and realizes scale effect, thus promoting enterprise export. At
the same time, free trade reallocates resources from low-productivity enterprises and
low-yield products to high-productivity and high-yield products. Under the influence of
the externality effect of digital economy, fierce competition in the international market
will also promote the digital transformation of enterprises and further improve corporate
productivity [38]. First of all, digital transformation can save production cost and improve
production efficiency by accelerating automation and intelligence of production process,
intelligent control, and precise management. The improvement of enterprise productivity
represents the improvement of the enterprise technical level, the digital transformation
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of the production process, and the application of intelligent production control system
can reduce production loss, improve the level of the manufacturing process, and promote
the progress of manufacturing technology, but also directly affect the quality of export
products [39,40]. Secondly, in the process of digital transformation, the introduction of
digital technology will also train employees and hire high-tech talents to meet the needs
of the digital operation of the enterprise, and the highly skilled employees will further
improve the production and management level of the enterprise, so as to improve product
quality [41]. Finally, the digital transformation of enterprises can innovate production
technology at a lower marginal cost, laying the foundation for expanding the scale of
manufacturing enterprises. The external effect of digital technology makes enterprises
usually choose partners to establish alliances to obtain innovation resources, thus forming
the scale effect of the region where the enterprises are located. Total factor productivity of
enterprises can be improved through its own scale effect and regional scale effect [42]. It can
be seen that digital technology can promote the improvement of total factor productivity in
various ways, thus promoting the upgrading of product quality, as illustrated in Figure 2.
Accordingly, this paper proposes:

Hypothesis 2. Digital transformation can indirectly promote the quality improvement of export
products by improving total factor productivity.

3. Research Design
3.1. Model Setting

Step 1: This paper first verifies the impact of enterprise digital transformation on the
quality of export products; thus, the model of this paper is set as follows:

qualityijct = α0 + α1digit + vXit + δi + δj + δp + δt + εijt (1)

In Formula (1), qualityijct represents the quality of products exported by the enterprise
to the country in the year, digit represents the degree of digital transformation of the enter-
prise in the year, δi, δj, δp and δt represents the combination of a series of control variables
and respectively represents the fixed effects of the enterprise, product, province and city
and year, εijt represents the random disturbance term. Let us focus on the coefficients α1.

Step 2: Considering the possible mediating mechanism of enterprise digital transfor-
mation on export product quality, according to proposition (1) and proposition (2), we
respectively take enterprise innovation performance and enterprise total factor productivity
as mediating variables to test the mediating mechanism. The mediation model is as follows:

innovijt = β0 + β1digit + vXit + δi + δj + δp + δt + εijt (2)

t f pijt = γ0 + γ1digit + vXit + δi + δj + δp + δt + εijt (3)

The above Equations (2) and (3) mainly focus on coefficient β1 and γ1, and other
variables in the model are consistent with (1), so it will not be repeated here.

3.2. Sample Selection and Data Sources

According to the availability of data, this paper takes the database of China Customs
enterprises from 2007 to 2015 and China A-share listed companies as the initial samples,
and matches customs enterprises with A-share listed companies to form the data of customs
listed companies, and carries out the following data screening: (1) ST and ST* enterprises
are excluded during the sample investigation; (2) Enterprises whose age is negative during
the sample period are excluded; (3) Samples of enterprises with asset-liability ratio greater
than 100% are excluded. The data are mainly divided into two parts: the Gutai ‘an Database
(CSMAR) and the China Customs Enterprise Database. Specific variables are described
as follows:
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Step 1: For the explained variables, the demand information prediction methods of
Khandelwal et al. (2013) [11] and Fan et al. (2015) [8] are used for reference to calculate the
export product quality of the 6-digit code (HS6) of customs products. First, construct the
regression equation of export product price to export product quality:

lnqijct + σdigijct = κi + κct + νijct (4)

Step 2: In the above Equation (4), σ represents elasticity of product substitution, κi
represents the difference between groups of different customs products, κct controls the
fixed effect at the country-year level. The symbols of other variables are consistent with the
previous expressions, so we will not repeat them here. The elasticity of product substitution
is generally provided by Broda et al. to provide the elasticity value of HS2-bit codes [43].
The residual term νijct is obtained by regression of the above Equation (4), from which the
quality of export products at the level of enterprise-product-exporter-year can be obtained:

qijct =
νijct

σ− 1
(5)

Step 3: Considering the problem that the quality of export products obtained by
calculation cannot be compared between different industries of the same enterprise, the
quality of export products obtained is standardized:

qsdijct =
qijct −minqijct

maxqijct −minqijct
(6)

Step 4: Take the ratio of export quantity to the total export of the enterprise as weight,
and finally get the quality of export products at the enterprise level:

qualityijct = ∑j∈Ω

quantityijct

∑c quantityijct
× qsdijct (7)

In Formula (7), Ω represents the product set and quantityijct represents the quantity of
products f exported by the enterprise i to the country c in the year t. Other variables are
consistent with the previous statements, so we will not repeat them here.

As for the core explanatory variable Digital Transformation Index (dig), firstly,
30 important digital economy policy documents released by the Central People’s Gov-
ernment and the Ministry of Industry and Information Technology were collected, and a
digital dictionary was constructed to obtain 238 digital keywords. The digital keywords
are showen in Appendix A. Secondly, Python software was used to analyze the text of the
annual reports of listed companies, the management discussion and analysis (MD&A) part
was extracted, and the number of digital keywords appearing in MD&A of each company
every year was calculated. Finally, the number of occurrences of each key word in MD&A
was added up, and the total number of occurrences of digital key words obtained was
divided by the length of MD&A segment to obtain the annual digitalization degree index of
each enterprise. The larger the index value, the higher the degree of digital transformation.

As for the intermediary variables, innovation performance (innov) and total factor
productivity (tfp) were selected as the intermediary variables of enterprise digital trans-
formation and export product quality according to the hypothesis above. Among them,
according to Pasquali [44], innovation performance may sometimes be a strategic behavior
to obtain innovation subsidies. Therefore, the quality of invention patent, utility model
patent, and design patent is different. Therefore, the weights of the applied invention
patents, utility model patents, and design patents were added together, and logarithm was
taken as the measurement index of innovation output. The weights of the three kinds of
patents were marked with the value of 3:2:1. Second, innovation input was measured by
the ratio of R&D expenditure to operating income. Finally, innovation output was divided
by innovation input to get innovation performance. For total factor productivity, the LP
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method proposed by Levinsohn and Petrin et al. [36] was adopted, because the LP method
can effectively solve the problem of sample loss.

For control variables, the following control variables were selected in line with pre-
vious literature on the quality of export products of enterprises: (1) Enterprise size (size),
logarithm of total enterprise assets; (2) The age of the enterprise (age), the difference be-
tween the year of the current year and the year of the establishment of the enterprise is
added by 1, and then the logarithm is taken; (3) Return on equity (roe), net profit divided
by the average balance of shareholders’ equity; (4) Total assets turnover (ato), operating
income divided by average total assets; (5) Cashflow ratio (cashflo), net cashflow from
operating activities divided by total assets; (6) Asset-liability ratio (lev), total liabilities
divided by total assets at the end of the year; (7) Tobin’s q (tq), the market value of outstand-
ing shares plus the product of the number of non-tradable shares and the net asset value
per share plus the book value of liabilities to the total value divided by the total assets;
(8) Herfindahl Index (hhi), using the Herfindahl index to calculate the industry monopoly
index of enterprises, the calculation formula is hhi = ∑n

i=1
(
total_saleij

)
/ ∑n

i=1 total_saleij)
2,

where, total_saleij represents the main business income of enterprises in the industry.
Table 1 below reports descriptive statistics of the above variables and Table 2 reports
variable definition.

Table 1. Descriptive statistics.

Variable Type Variable Variable Name Sample
Size Mean Standard

Deviation Minimum Maximum

Explained
variable quality Quality of export products 410,325 0.0325 0.1180 0.0000 1.0000

Core explanatory
variable dig Digital transformation 410,325 0.0059 0.0063 0.0000 0.0521

Mediating
variable

innov Innovation performance 346,326 0.2237 0.0903 0.0000 0.4315
tfp Total factor productivity 410,325 8.5174 1.1587 5.2837 11.6660

Control variable

size Enterprise size 410,325 22.3726 1.5302 17.8787 27.7033
age The age of the enterprise 410,325 0.9459 0.1754 0.0940 1.3589
roe Return on equity 410,325 0.0998 0.1331 −2.2918 0.7108
ato Total assets turnover 410,325 0.8875 0.5337 0.0243 7.8714

cashflow Cashflow ratio 410,325 0.0497 0.0747 −1.9377 0.4300
lev Asset-liability ratio 410,325 0.4636 0.2095 0.0075 0.9970
tq Tobin’s q 402,660 1.9589 1.1847 0.7488 48.5054

hhi Herfindahl Index 402,470 0.2086 0.2633 0.0131 1.0000

Table 2. Sample variable definition and description.

Variable Name Variable Variable Definition

Quality of export products quality
Firstly, the export product quality is calculated according to the demand information prediction method,
and then standardized. Finally, the export product quality is calculated according to the weight of the

export quantity.

Digital transformation dig Using the text analysis method of machine learning, the keyword frequency of enterprise annual report
about digital transformation is calculated as the measurement index of enterprise digital transformation.

Innovation performance innov According to different patent types, invention patents, utility model patents, and design patents are
weighted at 3:2:1, and divided by the ratio of R&D expenses to operating income.

Total factor productivity tfp Calculated according to the LP method.
Enterprise size size Logarithm of total enterprise assets.

The age of the enterprise age The logarithm of the difference between the current year and the year of establishment is added by one.
Return on equity roe Net profit divided by the average balance of shareholders’ equity.

Total assets turnover ato Operating income divided by average total assets.
Cashflow ratio cashflo Net cash flow from operating activities divided by total assets.

Asset-liability ratio lev Total liabilities at year-end divided by total assets at year-end.

Tobin’s q tq Market value of outstanding shares plus the number of non-tradable shares multiplied by net asset value
per share plus the book value of liabilities to total value divided by total assets.

Herfindahl Index hhi hhi = ∑n
i=1

(
total_saleij

)
/ ∑n

i=1 total_saleij)
2
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4. Empirical Analysis
4.1. Baseline Regression Analysis

Table 3 below shows the baseline regression of the impact of enterprise digital trans-
formation on export product quality. Among them, (1) is listed as the result of fixed effect
of controlling enterprise, year, and export products. It can be seen that the dig coeffi-
cient is 0.1337, which is significantly positive at 1% level, indicating that enterprise digital
transformation can significantly improve the quality of its export products. Furthermore,
(2) is listed as other characteristics of control enterprises, and it is found that the significance
and direction of the dig regression coefficient do not change, and it is still significantly
positive at 1% level. In columns (3) and (4), the fixed effect of provinces and cities and other
firm control variables were added, and the significance and direction of the dig coefficient
remained unchanged and passed the 1% significance level test. The results show that the
digital transformation of Chinese enterprises can significantly promote the quality of their
export products. It can be seen that under the tide of digital revolution, enterprise digital
transformation can provide the necessary knowledge and efficiency improvement basis
for enterprise production, apply it to the production link, accurately analyze consumer
preferences through big data, and improve product quality while reducing the cost of
information search.

Table 3. Basic regression result.

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

dig 0.1337 ***
(0.0489)

0.1932 ***
(0.0499)

0.1965 ***
(0.0501)

0.2048 ***
(0.0512)

size - −0.0035 ***
(0.0008)

−0.0038 ***
(0.0009)

−0.0032 ***
(0.0010)

age - −0.0196 ***
(0.0053)

−0.0203 ***
(0.0054)

−0.0203 ***
(0.0055)

roe - 0.0054 **
(0.0025)

0.0053 *
(0.0028)

0.0030
(0.0028)

ato - - −0.0005
(0.0013)

0.0006
(0.0014)

cashflow - - 0.0097 **
(0.0040)

0.0075 *
(0.0041)

lev - - 0.0044
(0.0032)

0.0033
(0.0033)

tq - - - 0.0003
(0.0002)

hhi - - - −0.0031 ***
(0.0011)

cons 0.0316 ***
(0.0003)

0.1290 ***
(0.0200)

0.1337 ***
(0.0216)

0.1204 ***
(0.0228)

Firm fixed effect Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes

Product fixed
effect Yes Yes Yes Yes

Region fixed
effect No Yes Yes Yes

Observations 410,325 410,325 410,325 394,814
R-squared 0.0976 0.0977 0.0978 0.1021

Note: Small brackets () are robust standard error, *, ** and *** respectively indicate significant at the level of 10%,
5%, and 1%, the same below.

4.2. Robustnesstest
4.2.1. Instrumental Variable Regression

This paper mainly verifies the impact of digital transformation on the quality of export
products, but this inspection mechanism may have endogenous problems. Although the
empirical results show that enterprise digital transformation may improve the quality of
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export products, enterprises with high quality export products have stronger willingness
or capital to adopt digital technology to promote enterprise digital transformation, which
leads to the deviation of reverse causation. In order to alleviate the endogeneity problem,
the two-stage least square method (2SLS) was used in this paper to re-estimate, so as to
reduce the deviation of the endogeneity problem in the research results.

Firstly, the average level of digital transformation of enterprises in the same industry in
the region is selected as the instrumental variable. In theory, the digital transformation level
of the same industry in the region where the enterprise is located can promote the adoption
of digital technology and meet the conditions of correlation with the core explanatory
variables. However, the degree of digital transformation in the same industry in the same
region does not directly affect the quality of export products of enterprises, which meets the
exogenous conditions. Secondly, the number of Internet access ports in the province where
the enterprise is located is selected as the instrumental variable of digital transformation.
The number of Internet access ports reflects the degree of residents’ participation on
the Internet in each province. The higher the degree of Internet participation is, the more
advanced the digital technology is in the province. The number of Internet access ports does
not directly affect the quality of enterprises’ export products but can stimulate enterprises
to carry out industrial digital empowerment, improve the level of digital transformation,
and satisfy the exogeneity hypothesis of instrumental variables. Finally, the degree of
digital transformation of all enterprises in the province where the enterprise is located is
added up to construct instrumental variables for the overall digital transformation of the
province where the enterprise is located [45]. Regression of instrumental variables is shown
in Table 4 below. It can be seen that the regression results of the three instrumental variables
all showed positive dig coefficients and passed the significance level test of more than 5%.
In addition, the statistics of Kleibergen–Paap rk LM and the critical value of Kleibergen–
Paap rk Wald F both reject the null hypothesis, indicating that the instrumental variables
reject the unidentifiable and weakly identifiable tests, respectively, and the selection of
instrumental variables is reasonable.

Table 4. Instrumental variable regression.

Variable (1) (2) (3)

Dig 1.9732 ***
(0.4112)

1.9707 ***
(0.4591)

0.6367 **
(0.2851)

Kleibergen–Paap rk
LM

1623.145
[0.0000]

4196.642
[0.0000]

1.1 × 104

[0.0000]
Kleibergen–Paap rk

Wald F
2842.891
{16.38}

4583.238
{16.38}

1.1 × 104

{16.38}
Control variable Yes Yes Yes
Firm fixed effect Yes Yes Yes
Year fixed effect Yes Yes Yes

Product fixed effect Yes Yes Yes
Region fixed effect Yes Yes Yes

Observations 394,814 394,814 394,814
Note: ** and *** respectively indicate significant at the level of 5%, and 1%. Brackets [] are chi-square p-values
used to test whether instrumental variables are unidentifiable, and curly brackets {} represent 10% critical values
used to identify weakly identifiable instrumental variable statistics, the same below.

In this paper, core variables were replaced and then returned to test the rationality
of the model construction. First, precise word frequency interception is no longer used
for core explanatory variables, so as to expand the length of MD&A and construct new
digital transformation indicators. Secondly, the quality of export products is not weighted
and standardized export product quality indicators are directly used. Finally, change the
weighting method of export product quality and adopt the weighting method of trade
amount instead of trade volume. The results are shown in Table 5. It can be seen that the
dig coefficient is still significantly positive after replacing the core variable.
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Table 5. Replacement variable regression.

Variable
Replace the Explanatory Variable Replace the Explained Variable

(1) (2) (3)

Dig 0.0020 ***
(0.0005)

0.3469 ***
(0.1157)

0.1610 ***
(0.0474)

Control variable Yes Yes Yes

Cons 0.1205 ***
(0.0229)

0.3621 ***
(0.0469)

0.1165 ***
(0.0216)

Firm fixed effect Yes Yes Yes
Year fixed effect Yes Yes Yes

Product fixed effect Yes Yes Yes
Region fixed effect Yes Yes Yes

Observations 394,814 394,814 394,814
R-squared 0.1021 0.0482 0.1093

*** respectively indicate significant at the level of 1%.

4.2.2. Other Robustness Tests

A series of other robustness tests were also conducted in this paper. First, core variables
of the samples were treated with 1% tail reduction to avoid bias of the regression results
caused by outliers. Secondly, the financial crisis had a great impact on global trade, which
also caused bias to the regression estimate, so the sample data of 2008 and 2009 were
excluded. Finally, since processing trade is a re-export business activity, which cannot fully
reflect the product quality of enterprises, this paper only retains general trade samples
and excludes other trade mode samples, so as to better estimate the impact of enterprises’
digital transformation on the quality of export products. The results are shown in Table 6
below. After the above robustness test, the dig coefficient is still significantly positive,
indicating that the model construction is reasonable.

Table 6. Other robustness tests.

Variable
Tail Reduction Treatment Strip Out the Effects of the

Financial Crisis
Only Keep the General Mode

of Trade

(1) (2) (3)

Dig 0.2048 ***
(0.0513)

0.3087 ***
(0.1183)

0.1284 **
(0.0532)

Control variable Yes Yes Yes

Cons 0.1207 ***
(0.0229)

0.3699 ***
(0.0501)

0.1139 ***
(0.0238)

Firm fixed effect Yes Yes Yes
Year fixed effect Yes Yes Yes

Product fixed effect Yes Yes Yes
Region fixed effect Yes Yes Yes

Observations 394,814 371,380 326,268
R-squared 0.1000 0.0476 0.1118

** and *** respectively indicate significant at the level of 5%, and 1%.

4.3. Inspection of Channels and Mechanisms

In the previous part, we verified that the digital transformation of enterprises has an
obvious promoting effect on the quality of their export products, and this part verifies the
channels and mechanisms. According to the above theoretical analysis, the digital transfor-
mation of enterprises provides more innovation modes to improve the innovation efficiency
of enterprises, and digital technology optimizes the production mode and management
mode of enterprises, improves the total factor productivity, and, thus, improves the quality
of enterprises’ export products. Next, based on the above logic, we tested the following
two questions to demonstrate the impact mechanism of enterprise digital transformation
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and export product quality: First, whether enterprise digital transformation can indirectly
promote the improvement of export product quality by improving enterprise innovation
performance; Second, whether enterprises’ digital transformation can indirectly promote
the quality improvement of export products by improving total factor productivity. The
results are shown in Table 7 below.

Table 7. Inspection of channels and mechanisms.

Variable
Innovation Performance Total Factor Productivity

(1) (2)

Dig 11.1893 ***
(0.6585)

14.5559 ***
(0.5099)

Kleibergen–Paap rk LM 770.931 1623.145
Kleibergen–Paap rk Wald F 506.725 2842.942

Control variable Yes Yes
Firm fixed effect Yes Yes
Year fixed effect Yes Yes

Product fixed effect Yes Yes
Region fixed effect Yes Yes

Observations 337,185 394,724

*** respectively indicate significant at the level of 1%.

4.3.1. Innovation Performance Mechanism

According to the theoretical analysis above, enterprise digital transformation can
form an open innovation, improve the possibility of innovation cooperation, effectively
reduce the cost of research and development, so as to improve the efficiency of research
and development, make better use of innovation resources, improve the technical level
of products, and help enterprises to improve the quality of export products. Iv-2sls was
used to empirically test the impact of digital transformation on innovation performance,
and the average level of digital transformation in the same industry was selected as
the instrumental variable. The results are shown in Column (1). The results show that
enterprise digital transformation can significantly improve innovation performance and
pass the 1% significance level test [46]. Therefore, innovation performance is verified in the
intermediary mechanism between enterprise digital transformation and export product
quality. That is, the application of digital technology can integrate innovative resources.
On the one hand, it can improve the enterprise’s data acquisition ability and reflect the
sales situation of new products faster. On the other hand, it improves the enterprise data
analysis ability and can reflect the market demand more accurately. The application of
digital technology promotes the close combination of R&D end and consumption end and
improves the efficiency of product R&D. In addition, digital technology has the positive
externality of virtual agglomeration, which can improve the collaborative R&D efficiency
among enterprises, break through the innovation bottleneck of enterprises, develop new
products, and improve the export competitiveness of enterprises.

4.3.2. Total Factor Productivity Mechanism

According to the theoretical analysis above, digital transformation of enterprises can
improve the total factor productivity of enterprises by improving the management mode
of enterprises, enhancing the intelligent production and manufacturing level of enterprises
and expanding the scale economy effect of enterprises, and the improvement of total factor
productivity of enterprises is conducive to reducing the production and operating costs of
enterprises, so that enterprises have more costs to improve products, develop new products,
and improve the quality of export products. Similarly, IV-2SLS was used to empirically
test the impact of digital transformation on total factor productivity of enterprises, and the
average level of digital transformation of enterprises in the same industry was selected
as instrumental variable. The results are shown in Column (2). The results show that an
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enterprise’s digital transformation can significantly improve the total factor productivity
and pass the 1% significance level test. Therefore, the mediating mechanism of total factor
productivity in enterprise digital transformation and export product quality was verified.
In other words, enterprises automate routine tasks through digital transformation, simplify
operating costs of enterprises, improve marketing and production mode, and enhance
the collaborative operation of departments, which is conducive to the formation of new
production power. In addition, the digital data information collection and processing
capability can make the relationship between enterprises and upstream and downstream
enterprises closer, improve the operation efficiency of the industrial chain, and, thus,
enhance the total factor productivity of enterprises. The improvement of total factor
productivity of enterprises means the reduction of production cost. Low production cost is
conducive to setting lower prices for enterprises, and the quality of products of enterprises
with high productivity will also be improved.

4.4. Heterogeneity Analysis

This part was put into heterogeneity analysis, and the results are shown in Table 8
below. The heterogeneity analysis mainly includes three aspects: 1. Based on the hetero-
geneity analysis of enterprise ownership, enterprises can be divided into foreign-funded
enterprises and domestic-funded enterprises according to their ownership. Foreign-funded
enterprises and domestic-funded enterprises have different driving forces in digital trans-
formation, which will have different impacts on the quality of export products. Therefore,
the virtual variable owner was constructed, and the assignment method is 1 and 0; that is, if
it is a foreign-funded enterprise, the assignment is 1, otherwise it is 0, and the assignment is
the same for a domestic enterprise. Columns (1) and (2), respectively, show the regression
results of foreign-funded enterprises and domestic enterprises. It can be seen that the
digitalized transformation of domestic enterprises has stronger export product quality
improvement effect than that of foreign-funded enterprises, which may be because most
foreign-funded enterprises are backward production capacity enterprises in developed
countries and their industrial technology level is not high, thus affecting the digitalized
transformation’s effect on the quality improvement of export products. 2. Based on regional
heterogeneity analysis, the provinces and cities where the enterprises are located were
divided into eastern region and central and western region (eastern region: Beijing, Tianjin,
Hebei, Shandong, Shanghai, Jiangsu, Zhejiang, Fujian, Guangdong, Hainan, etc. Due to
the selection of A-share listed companies, Hong Kong, Macao, and Taiwan regions are not
taken into account, and other provinces and cities are central and western regions.) The
assignment method also assigns values of 1 and 0. China’s regional development presents
a cascade distribution in the east and west, so the development degree of digital economy
will also be different, and the quality effect of export products of enterprises’ digital trans-
formation will have regional heterogeneity. Columns (3) and (4), respectively, show the
heterogeneity results of the eastern and central regions. It can be seen that compared with
the central and western regions, the digital transformation of enterprises in the eastern
region has a more obvious effect on improving the quality of export products. 3. Based
on technical heterogeneity analysis, enterprises were divided into technology-intensive
and non-technology-intensive enterprises according to their technology-intensive degree.
Technology-intensive enterprises are more motivated to adopt digital technology, which
will affect the quality of export products. The technology-intensive classification standard
is the median ratio of R&D personnel to the total number of employees, which is calculated
as 0.1156. If the value exceeds this value, it indicates that the enterprise is technology-
intensive, and the assignment method is 1 and 0. From columns (5) and (6), it can be seen
that the digitalized transformation of technology-intensive enterprises has a more obvious
effect on improving the quality of export products.
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Table 8. Heterogeneity analysis.

Variable

Ownership Heterogeneity Regional Heterogeneity Technical Heterogeneity

Foreign
Capital

Domestic
Capital

The Eastern
Region

The Central
and Western

Regions

Technology
Intensive

Non-
Technology-

Intensive

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

Dig 0.2022 **
(0.0948)

0.2386***
(0.0607)

0.2578 ***
(0.0575)

0.0344
(0.1226)

3.2488 **
(1.3926)

−1.7769
(2.6642)

Control variable Yes Yes Yes Yes Yes Yes

Cons 0.2065 **
(0.0801)

0.1149 ***
(0.0244)

0.1357 ***
(0.0278)

0.0866 **
(0.0416)

−2.9151 ***
(1.0264)

1.1393
(0.7977)

Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes

Product fixed effect Yes Yes Yes Yes Yes Yes
Region fixed effect Yes Yes Yes Yes Yes Yes

Observations 64,685 330,129 312,149 82,665 34,732 34,716
R-squared 0.1672 0.0991 0.0858 0.2128 0.2619 0.1698

** and *** respectively indicate significant at the level of 5%, and 1%.

4.5. Further Analysis: The Masking Effect of Income Share

Research shows that digital transformation will increase the demand for high-skilled
labor, while conventional low-skilled labor will be replaced by artificial intelligence [47].
As an applied technology, digital transformation itself has an obvious “skill-based techno-
logical progress” effect [48], thus enhancing the wage bargaining power of unconventional
labor, and, thus, widening the salary gap between top and bottom employees of enterprises.
The widening of the salary gap within an enterprise is likely to cause discontent among
employees at the bottom, thus affecting work efficiency [49]. Such reduction of work
efficiency may have a negative impact on the quality of enterprise products, and then affect
the quality of export products. Therefore, there is a reverse effect between the intermediary
mechanism and the direct effect mechanism, that is, the uneven share of enterprise income
will have a masking effect on the quality upgrade effect of enterprise digital transformation.

Step 1: We explored the mechanism effect of changes in internal revenue share on
digital transformation and export product quality. The internal income share of enter-
prises was investigated from two perspectives. On the one hand, the internal salary gap
(lnequapay) was used as the index of the internal salary gap, and the ratio of the average
salary of management and the average salary of employees was taken as logarithm. On the
other hand, there is the average salary level of ordinary employees (lnwage), which was
measured by dividing cash paid to and for employees by the number of employees and
taking logarithm.

Step 2: To verify the above mechanism, the following regression model was constructed:

lnequapayijt = α0 + α1digit + vXit + δi + δj + δp + δt + εijt (8)

lnwageijt = γ0 + γ1digit + vXit + δi + δj + δp + δt + εijt (9)

Step 3: IV—2SLS was adopted for estimation, and the above model was mainly
concerned with the coefficients. The results are shown in Table 9 below. As can be seen from
Column (1), the application of digital technology will expand the internal salary gap and
reduce the average salary level of enterprise employees, indicating that the application of
digital technology will eliminate part of regular task employees, reduce the wage premium
ability of low and medium skills, and then increase the internal salary gap and reduce
the average salary level of employees. The widening of the internal salary gap and the
reduction of the salary level will affect the production enthusiasm of employees, and then
reduce the production efficiency, which has a negative effect on the product quality of the
enterprise. It can be seen that although digital transformation can promote the quality of
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enterprises’ export products on the whole, the application of digital technology also brings
uneven income distribution of enterprises, which has a negative “masking effect” on the
quality of export products.

Table 9. Further analysis: the masking effect of income share.

Variable
Intra-Firm Compensation Dispersion Average Salary Level of Enterprise Employees

(1) (2)

Dig 46.7025 ***
(1.6504)

−43.5994 ***
(1.5099)

lnequapay - -
lnwage - -

Kleibergen–Paap rk LM 1620.142
[0.0000]

1620.142
[0.0000]

Kleibergen–Paap rk Wald F 2837.910
{16.38}

2837.910
{16.38}

Control variable Yes Yes
Firm fixed effect Yes Yes
Year fixed effect Yes Yes

Product fixed effect Yes Yes
Region fixed effect Yes Yes

Observations 393,479 393,479

*** respectively indicate significant at the level of 1%.

5. Empirical Results

As an important driving mode of economic development, digital transformation
has been an important path for countries to move towards industry 4.0. In particular,
coastal areas such as Guangdong, which have the advantages of economy, geography,
and resources, have always been in the forefront of digital transformation. For a long
time, the economy of the Guangdong Province has been developing rapidly and with high
quality, and the contribution of small- and medium-sized enterprises cannot be ignored. The
number of small- and medium-sized manufacturing enterprises in the Guangdong Province
accounts for 95% of the total number of manufacturing enterprises. It can be seen that
small- and medium-sized enterprises are not only the main body of digital transformation,
but also the focus and difficulty of transformation. In China’s 14th five-year plan, the
development goal of the digital economy is to move towards a comprehensive expansion
period by 2025 and a prosperous and mature period by 2035. This means that small- and
medium-sized manufacturing enterprises must implement digital transformation under
the new national economic development requirements. For traditional manufacturing
enterprises, they must try to start with the purchase of digital equipment and gradually
realize intelligent manufacturing. For emerging technology enterprises with inherent
advantages, they will choose to carry out digital reform in terms of organizational reform
and talent skills training.

However, due to differences with large enterprises in various aspects, these small-
and medium-sized manufacturing enterprises have encountered great difficulties in the
process of digital transformation. Under the pressure caused by the general environment
of industrial digital transformation, most enterprises have not clearly defined the digital
transformation objectives, do not understand their own preparations, and still less do they
know the methods and steps of digital implementation. In addition, the enterprises have
limited resources and poor risk resistance, so they either dare not implement digitization
at will or may blindly reform. Wrong decisions can waste resources. In addition, digital
transformation is system engineering, involving every aspect of the enterprise. Enterprises
cannot evaluate the relationship between these standards. In this study, DEMATEL-ANP
was used to simplify the complex relationship between these standards by providing the
structure of digital maturity and determine the importance of each standard. Then, the
fuzzy comprehensive evaluation method was used to evaluate and compare the typical
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industries, and the relationship between the indicators of digital maturity was analyzed in
depth to provide effective guidance for the digital transformation of small- and medium-
sized manufacturing enterprises.

6. Conclusions and Enlightenment
6.1. Research Conclusions

This paper focuses on the theoretical mechanism and action mechanism of digital
transformation on the improvement of export product quality of manufacturing enter-
prises and uses the export data of foreign trade enterprises and the annual report data of
listed foreign trade enterprises from 2007 to 2015 to measure the export product quality
and enterprise digital transformation index, and empirically tests the impact of digital
transformation on the quality of export products. Digital transformation comes from the
development of digital technology, which also promotes the specialized division of labor of
the real estate industry and the collaborative production capacity of the industrial chain.
It is found that enterprise digital transformation can significantly improve the quality of
enterprise export products. This is because digital technology has a virtual agglomera-
tion externality, through which enterprise R&D performance and production efficiency
can be improved. Therefore, there are two mechanisms, innovation efficiency and total
factor productivity, to improve the quality of export products. This also verifies that the
specialization and inter-enterprise or inter-departmental collaboration brought by digital
transformation are the points worth paying attention to in current enterprises. In the
heterogeneity analysis, the quality improvement effect of export products in digital trans-
formation of domestic enterprises is greater than that of foreign enterprises, and the quality
improvement effect of export products in digital transformation of technology-intensive
enterprises in eastern regions is more significant. Furthermore, the digital transformation of
enterprises will significantly expand the salary gap among employees, which may have an
adverse impact on the quality of export products. In other words, there is a masking effect,
and it also reflects that the initial phase of digital transformation will expand the income
inequality of employees.

6.2. Policy Inspiration
6.2.1. Digital-Related Technologies Are Deeply Integrated into Every Link of
Manufacturing Enterprises

It is important to be fully aware of the current development status of Chinese man-
ufacturing industry and the new development opportunities brought by digital transfor-
mation for enterprises, to vigorously support the digital transformation of manufacturing
enterprises, truly integrate advanced digital technology into enterprise business model
innovation, including the optimization and upgrading of research and development mode,
procurement mode, production mode, and sales mode, improve the specialization and
collaborative research, and to develop the efficiency of enterprises. To accelerate the inno-
vation and research of new products of enterprises, improve the quality of export products
of foreign trade enterprises in an all-round way, so that China’s manufacturing enterprises
have the ability to develop continuously.

6.2.2. The Transformation of Digital Transformation Thinking

The difficulties of digital transformation of manufacturing enterprises include a long
cycle, slow effect, high transformation investment, and poor transformation effect. The
reason is that manufacturing enterprises should change their understanding of digital
transformation from tool transformation thinking to “real digital enterprise” thinking.
Digital transformation is not a technical problem at the root, but a transformation of the
overall strategy of the organization. The digital transformation of enterprises should
have a strong desire for transformation, formulate transformation strategies and ob-
jectives, select the scene, and implement the distribution, dare to trial and error, and
unswervingly invest resources.
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6.2.3. Establish an Open Innovation ecosystem for Digital Technology Industry and
Manufacturing Application Scenarios

We should actively promote the construction of industrial integration and innovation
of digital technology industry and manufacturing industry. Digital technology enterprises,
R&D personnel of digital technology platform enterprises, and technical personnel of man-
ufacturing enterprises should jointly develop enterprise digital platform technology and
digital transformation solutions, so as to promote the implementation of digital transfor-
mation. By providing an open innovation platform, traditional manufacturing enterprises
establish an open innovation ecosystem around their own products, and digital technology
research and development enterprises provide original ecological technology supplies to
attract digital technology developers to conduct technology research and development of
new functions within the ecosystem, and accelerate digital upgrading through technology
internalization and application.

Of course, there are still some limitations in this paper: Limited by data, this paper
only investigates the enhancement effect of digital transformation on export product quality
at the enterprise level but cannot track the dynamic influence of digital transformation
on new product changes and product transformation. In addition, the data are from
2007 to 2015, and in recent years, digital economy has developed more rapidly, and its
promoting effect on the quality of export products may have new characteristics. Obviously,
to comprehensively assess the long-term impact of enterprise digital transformation on the
quality of export products, a wider range of empirical data and a longer period of time are
needed, which is also one of the directions for further research in this field.
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Appendix A

Table A1. Digital transformation index.

Keywords of Digital Transformation

Information; networking; data; Internet; intelligence; informatization; artificial intelligence;
digitalization; intelligent key technologies; information technology; e-commerce; communications;
core technologies; industrial chain; virtual reality; networking; broadband; machines; information
security; information systems; data centers; connectivity;
cyberspace; industry-university-research; human-machine; interaction; data sharing; data security;
number Data base; sensor; e-government; data analysis; wireless; network; e-commerce; Internet
security; information network; integrated circuit; information network; public data; technology
development; software and hardware; information industry; radio and television; radio and
television; technology transformation; numerical control; energy network; network coverage;
electric; algorithm; communication network; cross-media; computer; gateway; automation;
television network; Service network; data service; data flow; application software; service
network; data processing; data mining; digital television; network facilities; broadband access;
data management; information management; online education; server; computing technology;
automatic control; processors; development tools; control technology; network services; network
equipment; product development; electronic information; invention patents; high Technology;
high and new technology; monitoring network; portal network; portal website; live broadcast;
smart phone; intelligent network; networking; navigation system; multimedia; Internet protocol;
base station; agricultural remote sensing; human-computer interaction; satellite communication;
radio; wireless network; wireless network; information port; domain name; terminal products; bit;
coding; electronic products; management information system; national defense technology;
communication satellite; information flow; virtualization; All Access; government network;
intelligent algorithm; China Association for Science and Technology; Business intelligence; image
understanding; investment decision aid system; intelligent data analysis; intelligent robotics;
machine learning; deep learning; semantic search bio metrics; face recognition; speech recognition;
authentication; automatic driving; natural language processing; big data; text mining; data
visualization Integration; heterogeneous data; credit information; augmented reality; mixed
reality; block-chain; digital currency; distributed computing; differential privacy technology;
intelligent financial contracts; cloud computing; stream computing; graph computing; memory
computing; cognitive computing; fusion architecture;100 million level concurrency; Internet of
Things; information physical system; mobile Internet; industrial Internet; mobile Internet; Internet
medical; mobile payment; Third party payment; intelligent energy; Internet connection; intelligent
wearable; intelligent agriculture; intelligent transportation; intelligent medical care; intelligent
customer service; intelligent home; intelligent investment; intelligent cultural travel; intelligent
environmental protection; intelligent power grid; intelligent marketing; digital marketing
unmanned retail; Internet finance; digital finance; financial technology; quantitative finance; open
banking; digital technology; application data; digital; digital number Data management; data
network; data platform; data science; digital control; digital communication; digital network;
digital intelligence; digital terminal; cloud ecology; cloud service; cloud platform; e-commerce
mobile Internet; industrial Internet; Internet solutions; Internet technology; Internet thinking;
Internet action; Internet business; Internet mobile; Internet application; Internet marketing;
Internet strategy; Internet platform; Internet model; Internet business model; Internet ecology;
e-commerce mobile Internet; machine learning Internet business model; cloud storage;
Internet+;relational database; blockchain; business intelligence; Business intelligence; industry 4.0.
Platform economy; digital creativity; digital business; digital technology; data empowerment; new
industrialization; intelligent manufacturing; intelligent technology; intelligent terminal; robotics;
ecological collaboration; knowledge management; online; network security; network retail;
multi-party security computing; brain-like computing; green computing digital supply chain;
intelligent supply chain; supply chain.

References
1. Ding, Y.; Zhang, H.; Tang, S. How does the digital economy affect the domestic value-added rate of Chinese exports? J. Glob. Inf.

Manag. (JGIM) 2021, 29, 71–85. [CrossRef]
2. Barefoot, K.; Curtis, D.; Jolliff, W.A.; Nicholson, J.R.; Omohundro, R. Defining and Measuring the Digital Economy, Report of Bureau of

Economic Analysis (BEA); US Department of Commerce Bureau of Economic Analysis: Washington, DC, USA, 2018.
3. Ahmedov, I. The impact of digital economy on international trade. Eur. J. Bus. Manag. Res. 2020, 5. [CrossRef]

http://doi.org/10.4018/JGIM.20210901.oa5
http://doi.org/10.24018/ejbmr.2020.5.4.389


Sustainability 2023, 15, 5395 19 of 20

4. Zhang, L.; Pan, A.; Feng, S.; Qin, Y. Digital economy, technological progress, and city export trade. PLoS ONE 2022, 17, e0269314.
[CrossRef] [PubMed]

5. Banga, K. Digital technologies and product upgrading in global value chains: Empirical evidence from Indian manufacturing
firms. Eur. J. Dev. Res. 2022, 34, 77–102. [CrossRef]

6. Melitz, M.J. The Impact of Trade on Intra—Industry Reallocations and Aggregate Industry Productivity. Econometrica 2003, 71,
1695–1725. [CrossRef]

7. Chen, Y.F.; Peng, S.K.; Tsai, T.S. The market structures in trade intermediation with heterogeneous manufacturing firms. Int. Rev.
Econ. Financ. 2021, 75, 501–523. [CrossRef]

8. Fan, H.; Li, Y.; Yeaple, S.R. Trade liberalization, quality, and export prices. Rev. Econ. Stat. 2015, 97, 1033–1051. [CrossRef]
9. Atasoy, B.S. The determinants of export sophistication: Does digitalization matter. Int. J. Financ. Econ. 2021, 26, 5135–5159.

[CrossRef]
10. Xu, X.; Jiang, M.; Zhang, Z.; Yang, J. Does digital finance facilitate improvement in export product quality? Evidence from China.

Appl. Econ. Lett. 2022, 1–4. [CrossRef]
11. Khandelwal, A.; Schott, P.K.; Wei, S.J. Trade Liberalization and Embedded Institutional Reform: Evidence from Chinese Exporters.

Am. Econ. Rev. 2013, 103, 2187. [CrossRef]
12. Hayakawa, K.; Mukunoki, H.; Yang, C.H. Liberalization for services FDI and export quality: Evidence from China. J. Jpn. Int.

Econ. 2020, 55, 101060. [CrossRef]
13. Henn, C.; Papageorgiou, C.; Romero, J.M.; Spatafora, N. Export quality in advanced and developing economies: Evidence from a

new data set. IMF Econ. Rev. 2020, 68, 421–451. [CrossRef]
14. Zhao, P.F. Measuring Digital Activities in the Australian Economy, Report of Australian Bureau of Statistics (ABS). 2019. Avail-

able online: https://www.abs.gov.au/statistics/research/measuringdigital-activities-australian-economy#articles (accessed on
11 January 2023).

15. Mesenbourg, T.L. Measuring the Digital Economy. US Bureau of the Census, Suitland, MD, USA. 2001. Available online:
https://www.census.gov/content/dam/Census/library/working-papers/2001/econ/umdigital.pdf (accessed on 15 January 2023).

16. Kitsios, F.; Kamariotou, M. Artifificial intelligence and business strategy towards digital transformation: A research agenda.
Sustainability 2021, 13, 2025. [CrossRef]

17. Martínez-Caro, E.; Cegarra-Navarro, J.G.; Alfonso-Ruiz, F.J. Digital technologies and firm performance: The role of digital
organizational culture. Technol. Forecast. Soc. Chang. 2020, 154, 119962. [CrossRef]

18. Yang, Z.S.; Zhang, M.H. A digital economy satellite account: International experiences and a conceptual design of China’s
compilation program. Stat. Res. 2019, 36, 16–30.

19. Li, T.H.; Wen, J.Y.; Zeng, D.W.; Liu, K. Has enterprise digital transformation improved the efficiency of enterprise technological
innovation? A case study on Chinese listed companies. Math. Biosci. Eng. 2022, 19, 12632–12654. [CrossRef]

20. DeStefano, T.; Timmis, J. Robots and Export Quality; World Bank Working Paper, No. 9678; World Bank: Washington, DC, USA, 2021.
21. Loughran, T.; Mcdonald, B. Measuring Readability in Financial Disclosures. J. Financ. 2014, 69, 1643–1671. [CrossRef]
22. Wang, F.; Guo, B.; Wang, Z.; Wu, Y. The impact of digital economy on the export competitiveness of China’s manufacturing

industry. Math. Biosci. Eng. 2023, 20, 7253–7272. [CrossRef]
23. Chiappini, R.; Gaglio, C. Digital Intensity, Trade Costs and Exports’ Quality Upgrading; OFCE: Paris, France, 2022.
24. Nwankpa, J.K.; Roumani, Y. IT Capability and Digital Transformation: A Firm Performance Perspective. Int. Conf. Inf. Syst. 2016.

Available online: https://www.researchgate.net/publication/362751432_IT_Capability_and_Digital_Transformation_A_Firm_
Performance_Perspective_Completed_Research_Paper (accessed on 15 January 2023).

25. Goldfarb, A.; Tucker, C. Digital economics. J. Econ. Lit. 2019, 57, 3–43. [CrossRef]
26. Lendle, A.; Olarreaga, M.; Schropp, S.; Vézina, P.-L. There goes gravity: eBay and the death of distance. Econ. J. 2016, 126, 406–441.

[CrossRef]
27. Ahuja, G.; Katila, R. Technological acquisitions and the innovation performance of acquiring firms: A longitudinal study.

Strateg. Manag. J. 2001, 22, 197–220. [CrossRef]
28. Thompson, P.; Williams, R.; Thomas, B. Are UK SMEs with active websites more likely to achieve both innovation and growth?

J. Small Bus. Enterp. Dev. 2013, 20, 934–965. [CrossRef]
29. Wynarczyk, P.; Piperopoulos, P.; Mcadam, M. Open Innovation in Small and Medium-Sized Enterprises: An Overview. Int. Small

Bus. J. 2013, 31, 240–255. [CrossRef]
30. Baum, J.A.; Cowan, R.; Jonard, N. Network-independent Partner Selection and the Evolution of Innovation Networks. Manag. Sci.

2010, 56, 2094–2110. [CrossRef]
31. Albort-Morant, G.; Leal-Rodríguez, A.L.; De Marchi, V. Absorptive capacity and relationship learning mechanisms as comple-

mentary drivers of green innovation performance. J. Knowl. Manag. 2018, 22, 432–452. [CrossRef]
32. Huang, X.; Song, X. Internet use and export upgrading: Firm level evidence from China. Rev. Int. Econ. 2019, 27, 1126–1147.

[CrossRef]
33. Strese, S.; Meuer, M.W.; Flatten, T.C.; Brettel, M. Examining cross-functional coopetition as a driver of organizational ambidexterity.

Ind. Mark. Manag. 2016, 57, 40–52. [CrossRef]
34. Gomber, P.; Kauffman, R.J.; Parker, C.; Weber, B.W. On the Fintech Revolution: Interpreting the Forces of Innovation, Disruption,

and Transformation in Financial Services. J. Manag. Inf. Syst. 2018, 35, 220–265. [CrossRef]

http://doi.org/10.1371/journal.pone.0269314
http://www.ncbi.nlm.nih.gov/pubmed/35657946
http://doi.org/10.1057/s41287-020-00357-x
http://doi.org/10.1111/1468-0262.00467
http://doi.org/10.1016/j.iref.2021.04.013
http://doi.org/10.1162/REST_a_00524
http://doi.org/10.1002/ijfe.2058
http://doi.org/10.1080/13504851.2022.2117270
http://doi.org/10.1257/aer.103.6.2169
http://doi.org/10.1016/j.jjie.2019.101060
http://doi.org/10.1057/s41308-020-00110-8
https://www.abs.gov.au/statistics/research/measuringdigital-activities-australian-economy#articles
https://www.census.gov/content/dam/Census/library/working-papers/2001/econ/umdigital.pdf
http://doi.org/10.3390/su13042025
http://doi.org/10.1016/j.techfore.2020.119962
http://doi.org/10.3934/mbe.2022590
http://doi.org/10.1111/jofi.12162
http://doi.org/10.3934/mbe.2023314
https://www.researchgate.net/publication/362751432_IT_Capability_and_Digital_Transformation_A_Firm_Performance_Perspective_Completed_Research_Paper
https://www.researchgate.net/publication/362751432_IT_Capability_and_Digital_Transformation_A_Firm_Performance_Perspective_Completed_Research_Paper
http://doi.org/10.1257/jel.20171452
http://doi.org/10.1111/ecoj.12286
http://doi.org/10.1002/smj.157
http://doi.org/10.1108/JSBED-05-2012-0067
http://doi.org/10.1177/0266242612472214
http://doi.org/10.1287/mnsc.1100.1229
http://doi.org/10.1108/JKM-07-2017-0310
http://doi.org/10.1111/roie.12407
http://doi.org/10.1016/j.indmarman.2016.05.008
http://doi.org/10.1080/07421222.2018.1440766


Sustainability 2023, 15, 5395 20 of 20

35. Crescenzi, R.; Gagliardi, L. The innovative performance of firms in heterogeneous environments: The interplay between external
knowledge and internal absorptive capacities. Res. Policy 2018, 47, 782–795. [CrossRef]

36. Levinsohn, J.A.; Petrin, A. Estimating Production Functions Using Inputs to Control for Unobservables. Rev. Econ. Stud. 2003, 70,
317–341. [CrossRef]

37. Ilvonen, I.; Thalmann, S.; Manhart, M.; Sillaber, C. Reconciling digital transformation and knowledge protection: A research
agenda. Knowl. Manag. Res. Pract. KMRP 2018, 16, 235–244. [CrossRef]

38. Vial, G. Understanding digital transformation: A review and a research agenda. J. Strateg. Inf. Syst. 2019, 28, 118–144. [CrossRef]
39. Manova, K.; Yu, Z. Multi-Product Firms and Product Quality. J. Int. Econ. 2017, 109, 116–137. [CrossRef]
40. Jones, C.I.; Tonetti, C. Nonrivalry and the Economics of Data. Am. Econ. Rev. 2020, 110, 2819–2858. [CrossRef]
41. Gomez-Herrera, E.; Martens, B.; Turlea, G. The drivers and impediments for cross-border e-commerce in the EU. Inf. Econ. Policy

2014, 28, 83–96. [CrossRef]
42. Cafee, A.; Brynjolfsson, E.; Davenport, T.H.; Patil, D.J.; Barton, D. Big data: The management revolution. Harv. Bus. Rev. 2012, 90,

60–68.
43. Broda, C.M.; Weinstein, D.E. Globalization and the Gains from Variety. Q. J. Econ. 2006, 121, 541–585. [CrossRef]
44. Pasquali, G. How much should society fuel the greed of innovators?: On the relations between appropriability, opportunities and

rates of innovation. Res. Policy 2006, 3, 1110–1121.
45. Goldsmith-Pinkham, P.; Sorkin, I.; Swift, H. Bartik instruments: What, when, why, and how. Am. Econ. Rev. 2020, 110, 2586–2624.

[CrossRef]
46. Lyytinen, K.; Yoo, Y., Jr. Digital product innovation within four classes of innovation networks. Inf. Syst. J. 2016, 26, 47–75.

[CrossRef]
47. Acemoglu, D.; Restrepo, P. The Race between Man and Machine: Implications of Technology for Growth, Factor Shares, and

Employment. Am. Econ. Rev. 2018, 108, 1488–1542. [CrossRef]
48. Autor, D.H.; Murnane, L. The skill content of recent technological change: An empirical exploration. Q. J. Econ. 2003, 118,

1279–1333. [CrossRef]
49. Cowherd, D.M.; Levine, D.I. Product Quality and Pay Equity between Lower-Level Employees and Top Management: An

Investigation of Distributive Justice Theory. Adm. Sci. Q. 1992, 37, 524. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.respol.2018.02.006
http://doi.org/10.1111/1467-937X.00246
http://doi.org/10.1080/14778238.2018.1445427
http://doi.org/10.1016/j.jsis.2019.01.003
http://doi.org/10.1016/j.jinteco.2017.08.006
http://doi.org/10.1257/aer.20191330
http://doi.org/10.1016/j.infoecopol.2014.05.002
http://doi.org/10.1162/qjec.2006.121.2.541
http://doi.org/10.1257/aer.20181047
http://doi.org/10.1111/isj.12093
http://doi.org/10.1257/aer.20160696
http://doi.org/10.1162/003355303322552801
http://doi.org/10.2307/2393467

	Introduction 
	Theoretical Mechanism Analysis 
	Innovation Performance 
	Total Factor Productivity 

	Research Design 
	Model Setting 
	Sample Selection and Data Sources 

	Empirical Analysis 
	Baseline Regression Analysis 
	Robustnesstest 
	Instrumental Variable Regression 
	Other Robustness Tests 

	Inspection of Channels and Mechanisms 
	Innovation Performance Mechanism 
	Total Factor Productivity Mechanism 

	Heterogeneity Analysis 
	Further Analysis: The Masking Effect of Income Share 

	Empirical Results 
	Conclusions and Enlightenment 
	Research Conclusions 
	Policy Inspiration 
	Digital-Related Technologies Are Deeply Integrated into Every Link of Manufacturing Enterprises 
	The Transformation of Digital Transformation Thinking 
	Establish an Open Innovation ecosystem for Digital Technology Industry and Manufacturing Application Scenarios 


	Appendix A
	References

