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Abstract

The digital economy has become a driving force in the rapid development of the global econ-
omy and the promotion of export trade. Pivotal in its advent, the digital transformation of
enterprises utilizes cloud computing, big data, artificial intelligence, and other digital technol-
ogies to provide an impetus for evolution and transformation in various industries and fields.
in enhancing quality and efficiency. This has been critical for enhancing both quality and effi-
ciency in enterprises based in the People’s Republic of China. Through the available data
on its listed enterprises, this paper measures their digital transformation through a textual
analysis and examines how this transformation influences their export product quality. We
then explore the possible mechanisms at work in this influence from the perspective of
enterprise heterogeneity. The results find that: (1) Digital transformation significantly
enhances the export product quality in an enterprises, and the empirical findings still hold
after a series of robustness tests; (2) Further mechanism analysis reveals that the digital
transformation can positively affect export product quality through the two mechanisms of
process productivity (¢), the ability to produce output using fewer variable inputs, and prod-
uct productivity (£), the ability to produce quality with fewer fixed outlays; (3) In terms of
enterprise heterogeneity, the impact of digital transformation on export product quality is sig-
nificant for enterprises engaged in general trade or high-tech industries and those with
strong corporate governance. In terms of heterogeneity in digital transformation of enter-
prise and the regional digital infrastructure level, the higher the level of digital transformation
and regional digital infrastructure, the greater the impact of digital transformation on export
product quality. This paper has practical implications for public policies that offer vital aid to
enterprises as they seek digital transformation to remain sync with the digital economy,
upgrade their product quality, and drive the sustainable, high-quality, and healthy develop-
ment of their nation’s economy.

Introduction

As the world’s leading exporter, China is accustomed to leveraging factor endowments like its
abundance of labor and other comparative advantages as it engages in the international
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division of labor. The country’s export products tend to be low in price, low in quality, and high
in quantity [1]. New trade theory (NTT) as represented by the enterprise heterogeneity model
argues that a firm’s export product quality is directly related to its country’s export performance
and the gains, status, and upgrading of its trade. Export product quality offers a new advantage for
countries as they compete internationally [2-4]. The report of the 20th Congress of the Commu-
nist Party of China also states the necessity of “accelerating the building of a strong trade country.”
At the same time, the existing scholarship indicates that while a series of initiatives have improved
the quality of China’s export products, it remains relatively low overall [1],and the phrase “made
in China” still represents a lower price and quality [5]. Improving the export product quality of
Chinese enterprises will be vital in China’s construction of a large trade nation, high-quality eco-
nomic development, and the transformation and upgrading of foreign trade.

The integration of digital technology and the real economy has formed a digital economy
that is profoundly changing China’s traditional economic landscape as it reshapes the alloca-
tion of resources and the production activities of traditional enterprises. They country’s enter-
prises are also experiencing its multi-dimensional impact on their technological innovation,
business management, and production methods [6]. The 14th Five-Year Plan (2021-2025)
pledges to “develop the market for data factors, activate the potential of data factors, and drive
changes in production, lifestyle and governance modes for digital transformation as a whole.”
China’s government has proposed a series of policies to facilitate digital transformation, as it is
well aware that the pace of the digital economy has made digitalization an inevitable choice for
the transformation and reform of its enterprises [7, 8]. This transformation which has been
called the most important strategic issue for businesses around the world is also inherently dis-
ruptive [9, 10] and can significantly affect the size, performance, and value added of a firm’s
exports [11-13]. As such, will digital transformation aid or harm the export product quality of
China’s enterprises, and how will it work?

To answer these questions, this paper explores the impact of digital transformation on the
export product quality of enterprises from the macro background of the digital economy and
the micro perspective of enterprises. Exploring this issue can enrich research on the economic
effects of digital transformation in foreign trade and provide a theoretical basis for enhancing
export product quality that reflects current circumstances. This is instrumental in both guiding
the digital transformation of enterprises and sustaining the robust development of the Chinese
economy. Finally, it serves as a valuable reference for developing countries as they seek to
become more competitive in trade.

Literature review

Present research on digital transformation and export product quality has focused on the fac-
tors that influence export product quality, the economic effects of digital transformation, and
the impact of digital development on exports.

As for what factors influence export product quality in an enterprise, scholars have con-
ducted studies either from the perspective of the market environment or internal factors
within the enterprise. In terms of the market environment, factors such as FDI, OFDI, trade
liberalization, minimum wage standards, government subsidies, industrial agglomeration, and
the protection of intellectual property can all influence export product quality [14-23]. While
minimum wage standards can harm export product quality [18], the other aforementioned
factors can significantly enhance the export product quality. Among the internal factors within
enterprises, those such as technological innovation, total factor productivity, input servitiza-
tion, and enterprise listing have a significant positive impact on export product quality [24-
27].
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This paper also considers the literature on the economic effects of digital transformation in
enterprises. The existing research defines digital transformation as the process of change in
which firms use digital technologies to reduce the proportion of duplicated labor in produc-
tion, operations, and services, or use advanced digital technologies to replace traditional ones
[28]. Digital transformation can have a positive and beneficial impact in a variety of ways,
including enhancing total factor productivity [29], fostering firm innovation [30], improving
organizational efficiency [31], enhancing performance in capital markets [8], improving
input-output efficiency [32], and promoting specialization and the division of labor [33].

With respect to the impact of digital development on enterprise exports, scholars argue that
information technologies and the internet as the foundation of digital development, can
reduce costs related to information, transactions, and risks in the process of trade [2, 34, 35] to
form a new comparative advantage [36]. This can in turn boost exports [37-39] while improv-
ing their export performance [40], and moving them up the value chain [41, 42]. The informa-
tion disclosure offered by information technology is one reason for an increase in quality [43].
Yiand Wang (2021) [12] find that digital transformation helps firms expand their exports,
while Du et al. (2022) [44] hold that digital transformation has upgraded the quality of China’s
export products by increasing innovation capacity, transforming products, and improving the
quality of intermediate inputs. Hong et al. (2022) [45] make use of principal component analy-
sis to measure the digital transformation indexes of firms, analyzing the U-shaped mediating
role that innovation plays between digital transformation and export product quality.

In summary, the existing studies provide valuable reference information but are not with-
out their limitations. First, while they confirm that digital technology can promote the upgrad-
ing of exports, they largely base their studies on the digital economy at the national and
provincial levels [46]. Second, the existing literature at the micro level has studied the link
between digital transformation and export trade but has yet to offer any theories as to its inner
workings. This paper investigates the impact of digital transformation on the export product
quality of enterprises and how this takes place from the perspective of the digital economy. Its
marginal contributions are as follows: First, it explores the impact of digital transformation on
firms at the micro level, which helps to enrich existing scholarship on the digital transforma-
tion of firms and international trade. Second, it examines precisely how digital transformation
affects export product quality from the perspective of enterprise heterogeneity, helping to pro-
vide firm-level evidence for the contributions of the digital economy in China’s endeavors to
cultivate a large trade nation.

Theoretical mechanisms and research hypotheses

The advent of the digital economy has provided new avenues for enterprises diverse in scale to
achieve success in export trade. Concurrently, digital transformation within firms has emerged
as a crucial impetus for the advancement of export product quality. This paper amalgamates
concepts from existing pertinent analyses, delving primarily into both direct and indirect
effects. It scrutinizes the precise means through which digital transformation affects export
product quality while presenting complementary research hypotheses.

The direct effects of digital transformation on export product quality

With the rapid development of the digital economy, digital innovation and the application of
big data have subverted the business management models of traditional enterprises and com-
pelled them to transition into digital management [47]. However, digital transformation is not
simply the combination and application of digital technologies. Digital transformation regards
data as an equally important factor of production alongside labor and capital [48]. On the one
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hand, export enterprises strengthen their real-time monitoring and supervision of production
processes by applying big data, cloud computing, and other digital technologies. While
endeavoring to supervise the quality of their export products, enterprises continuously elevate
and enhance their production processes, driving the development of products toward mecha-
nization, intelligence, and automation [49, 50] to optimize product quality even further. On
the other hand, export enterprises can avail themselves of big data to rapidly analyze and
apprehend the dynamics of the international market and synchronize with demand in their
target market. As they optimize and upgrade their products in response to customer feedback,
they also manage to keep pace with demand in the international market. Simultaneously, the
application of cross-border e-commerce, the Internet of Things, and other digital technologies
have each condensed the landscape of international trade, optimized the exchange of informa-
tion between buyers and sellers, reduced trade costs, and galvanized enterprises to participate
in the export trade. It has also led to increasingly fierce competition in export markets and
stimulated enterprises to continuously innovate and improve their product quality. Based on
the above analysis, this paper proposes the following first hypothesis:

H1: Digital transformation can improve the export product quality of an enterprise.

The indirect effects of digital transformation on export product quality

In this section, we draw on the theoretical framework of Hallak and Sivadasan (2013) [3] and
Shi and Shao (2014) [25] to discuss the endogenous determinants of export product quality,
and then analyze the theoretical mechanisms by which digital transformation affects the export
product quality of enterprises.

Analysis of the endogenous determinants of export product quality

Assuming that the consumer’s utility function is one of constant elasticity of substitution

(CES), the function is as follows:
o={ [ Garaf 1)
jeQ

Where 4; is the quality of product j and g; is the demand for product j, Q denotes the mix of
goods purchased by consumers, o denotes the elasticity of substitution between products, and
o>1.

The price index corresponding to the above utility function is P = f; EQp}"’/l]‘.’*ldj. We can

then obtain the demand equation for product j:

o1 E
qj:pj 4 11_3 (2)

Where E is the total consumer expenditure, ; denotes the size of market demand, and p}

denotes the price of product j. Eq (2) indicates that the demand for product j depends on its
price (p}) and quality (4)).

We then introduce the production behavior of enterprises into the model. Based on the
enterprise productivity heterogeneity of Meltiz [4], Hallak and Sivadasan (2013) [3] introduce
two heterogeneous attributes into model: "process productivity" (¢) is the ability to produce
output using fewer variable input; "product productivity” (£) is the ability to produce quality
with fewer fixed outlays. These two heterogeneous attributes affect variable costs and fixed
costs of enterprises, respectively, which in turn affect product quality. The variable costs (C)
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and fixed costs (F) specifically expressed as Eqs (3) and (4):

k
c=- 3
p (3)
F:F0+]é/l“ (4)

Where S denotes the quality elasticity of variable production costs, a denotes the quality elas-
ticity of fixed costs, and 0<<1, a>0. ¢ is the process productivity that represents the differ-
ence in variable costs between enterprises, and ¢ is product productivity, representing the
heterogeneity of quality production capability, it reflects the diverse fixed input efficiencies of
enterprises, namely their ability to improve product quality under given fixed expenditures
[3].

Given the demand and cost functions, the profit function of the enterprise is obtained as

follows:
1\ E
N Z_F _
”—g<pj> - f, (5)

Where f, is the fixed trade cost. Using the firm’s profit-maximizing condition, its optimal
product quality can be obtained as follows:

L= B (o—1\ fe\o1 EE]T
A{a (a>(;) fﬁ} (©)
Where o = a—(1-)(0—1)>0.

According to Eq (6), the optimal product quality of an enterprise is endogenously deter-
mined by the firm’s process productivity (¢) and product productivity (§). By taking the partial

derivatives of Eq (6) with respect to ¢ and &, we can obtain Z—; >0, % > (. This indicates that

the higher the firm’s process productivity and product productivity, the higher the quality of
its products. In other words, an enterprise can improve its export product quality by increasing
its process productivity (¢) and product productivity (£).

Mechanism analysis of how digital transformation influences export
product quality

Based on the above analysis of the endogenous determinants of export product quality, it is
evident that process productivity (¢) and product productivity (§) are its two major determi-
nants. In this section, we will further investigate the mechanisms through which digital trans-
formation affects export product quality from the perspectives of these two factors.

Process productivity (¢)

Digital transformation offers a comprehensive optimization and upgrading of production in
an enterprise. The application of digital technologies can directly reduce the waste of produc-
tion factors, enhance the unit factor output of enterprises, and invigorate overall process pro-
ductivity [51]. Simultaneously, the application of digital technologies such as artificial
intelligence and big data ensures the efficient transmission of information among departments
within enterprises which reduces information asymmetry, saves on various costs in the pro-
duction process, and augments production efficiency [2]. The above analysis indicates that
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digital transformation can either directly or indirectly improve a firm’s process productivity ¢,
ie, d dl > (0 (where dig denotes the digital transformation of an enterprise). According to Eq
(6), it can be 1nferred that the higher the process product1v1ty ofa ﬁrm the higher the quality
of its products, £ > 0. This according to the chain rule is -4 i Z; “aag > 0. This is to say that
the digital transformatlon of an enterprise can elevate its export product quality by increasing
its process productivity. Accordingly, this paper proposes the following second hypothesis:

H2: Digital transformation can improve the export product quality of an enterprise by improv-
ing its process productivity.

Product productivity (&)

Product productivity & primarily reflects the ability of a firm to improve product quality under
given fixed expenditures [25]. However, the enhancement of product quality in an enterprises
is closely associated with the innovation that is accomplished through research and develop-
ment (R&D) activities [2, 25, 52, 53]. The existing research indicates that the continuous inte-
gration of digital technology and the real economy stimulates enterprises to increase
investment in R&D and innovation [54], which contributes to enhancing a firm’s product pro-
ductivity (&) [21, 55]. First, the inherent innovative elements of digital products are assimilated
into an enterprise when they are incorporated as a factor input in the production process. This
enables enterprises to efficiently absorb external knowledge, reduce transaction costs, enhance
their R&D capabilities, and promote the continuous optimization and refinement of their
products, thereby enhancing export product quality. Second, the digital industry itself is highly
capable of the efficient transmission of information and real-time feedback mechanisms. Digi-
tal transformation assists enterprises in gaining an in-depth and timely understanding of the
production process and market responses of their products [21]. This enables enterprises to
promptly identify the strengths and weaknesses of their products, thereby motivating them to
engage in product upgrades and innovation activities to meet the demands of consumers and
ultimately enhance their product productivity. In conclusion, digital transformation can to

some extent facilitate the enhancement of product productivity, i > 0. As indicated by

L€, dd ig
Eq (6), the higher the product productivity of a ﬁrm, the higher the quality of the products it

produces, i.e., £z > 0. According to the chain rule, 4- i jé ~aag > 0- This suggests that digital

transformation can drive the improvement of export product quality through the mechanism
of product productivity. This paper therefore proposes a third hypothesis:

H3: Digital transformation can positively impact export product quality by improving its
product productivity.

Study design
Selection and measurement of variables

Selection and measurement of export product quality. This paper refers to Khandelwal
[56], Shi and Shao [25], and Xu and Wang [18] to measure the export product quality. We esti-
mate China’s export product quality in the four dimensions of the firm, product, importing
country, and year using the demand information regression inference method. The quantity of
product j exported by enterprise i to country m in year ¢ is:

Em
qijmt = zjmt pzjmt (Pt) (7)

mt
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Where 4;;,,,; is the quality of product j exported by enterprise i to country m in year t, o is the
elasticity of substitution for the product type, p,,,; is the price index of the importing country,
and E,,,, is the market size.

Taking the natural logarithm of both sides of Eq (7), we can obtain that:

lnqijmt = th - Glnpijmt + gijmt (8)

where y,,,, = InE,,,,~InP,,, is the importing country-year dummy variable to control for variables
such as import distance that vary only with the importing country, variables such as exchange rates
that vary only with time, and variables such as GDP that vary with time and importing country.
Eijmt = (0=1)InA;j, is a residual term that contains information on product quality. Considering
that quality gj,,, is related to price pj;,,; and this can lead to problems of endogeneity, this paper
draws on the study of Shi and Shao [25] by choosing the average price of a firm’s exported products
in other markets as the instrumental variable for the price of its exported products in country m.

After considering endogeneity problems, this paper regresses Eq (8). According to the
results, we can obtain the exported product quality as follows:

N E. Ing.  —Ing.
quality,,, = Ink,,, = - iml = q”"; — Tijne

)

Where quality;;,,, is the quality of product j exported by enterprise i to country m in year t. We
further standardize the product quality of Eq (9) for the following result:
quality,,, — minquality,,,,

1 i = 10
auality jjmt maxquality,,, — minquality,,, (10)

Where maxquality;;,,, denotes the maximum values of product quality for a given product j
at the level of all years, all enterprises, and all importing countries. minquality;;,,; denotes the
minimum values of product quality for a given product j at the level of all years, all enterprises,
and all importing countries. The standardized product quality is in the range of 0 to 1.

Selection and measurement of digital transformation in an enterprise

This paper draws on the latest research [8, 29, 33] to measure the degree of digital transforma-
tion in an enterprise. First, we refer to the work of Wu et al. (2021) [8] to establish a relatively
complete corpus for digitization. The specific corpus used to analyze the frequency of digitiza-
tion-related words is shown in Table 1. Second, we use python software to analyze the Manage-
ment Discussion and Analysis (MD&A) section of the annual reports of listed companies by
extracting the frequency of digitization-related words. Finally, the frequency of these words in
the annual reports of listed companies (+1 is taken as a logarithm) is used as an indicator to
measure the degree of digital transformation in an enterprise.

Artificial intelligence, blockchains, cloud computing, and big data form the basis of the
usage of digital technology in Table 1. The underlying vocabulary is seen as the statistical
vocabulary of specific digital word frequencies, and high-frequency vocabulary is considered
to be the number of words with the highest number of occurrences among all words. It is
apparent that the terms artificial intelligence, digital currency, the Internet of Things, electronic
credit, and e-commerce have the highest frequency under artificial intelligence, blockchains,
cloud computing, big data, and digital technology usage.

In accordance with the results measured from export product quality indexes and the level
of digital transformation among enterprises, this paper divides digital transformation into
high and low categories according to the mean value for typical factual analysis. Fig 1 indicates
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Table 1. Digitization dictionary.

Core Vocabulary |High Frequency Underlying vocabulary
Vocabulary
Artificial Artificial intelligence (4) | Machine learning, brain-like computing, artificial intelligence, face recognition, cognitive computing, business

Intelligence Intelligent robots (16) intelligence, identity verification, deep learning, bioidentification technology, image understanding, semantic search,
Face recognition (17) intelligent data analysis, natural language processing, intelligent robotics

Blockchain Digital Currency (39) Bitcoin, alliance chain, decentralization, distributed computing, digital currency

Cloud Internet of things (1) EB-level storage, multi-party secure computing, consensus mechanisms, stream computing, green computing, in-

Computing Cloud computing (3) memory computing, converged architectures, data mining, graph computing, Internet of Things, information physical

systems, cloud computing

Big Data Electronic credit (14) Mixed reality, text mining, data visualization, virtual reality, billion concurrency, heterogeneous data, augmented
Virtual reality (20) reality, E-collection

Digital E-commerce (2) B2B, B2C, C2B, C2C, Fintech, NFC, e-payment, O20, third-party payment, e-commerce, industrial

Technology Mobile Internet (5) Internet, Internet finance, Internet healthcare, financial technology, open banking, quantitative finance, digital finance,

Usage Internet finance (6) digital marketing, netlink, unmanned retail, mobile Internet, mobile Internet, mobile payment, voice recognition, smart
Smart grid (7) agriculture, smart wear, smart grid, smart contract, smart environmental protection, smart home, smart transportation,

Industrial Internet (8)
Financial technology (9)
Intelligent
transportation (10)
Smart home (11)
Digital marketing (12)
Mobile Internet (13)
Mobile payment (14)
Third-party payment
(18)

Autonomous driving
19)

smart customer service, smart energy, smart investment, smart travel, smart medical, smart marketing, autonomous
driving

Note: The ranking of vocabulary word frequency is in parentheses

https://doi.org/10.1371/journal.pone.0293461.t001

2 2.5
1

1.5

density

0 2 4 .6 .8 1
export product quality

high-level digital tranformation
————— low-level digital transformation

Fig 1. Kernel density map of export product quality for digital transformation.
https://doi.org/10.1371/journal.pone.0293461.9001
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that the kernel density curve for the export product quality of highly digitized enterprises falls
more to the right than those with low digitization. This means that highly digitized enterprises
also have a higher export product quality. Hypothesis 1 can be preliminarily verified, as the
export product quality of enterprises improves with their digital transformation.

The selection and measurement of mechanism variables

Mechanism analysis suggests that the digital transformation of an enterprise can improve
export product quality through the two mechanisms of process productivity (¢) and product
productivity (£). Among these, process productivity (¢) is the ability to produce an output
using fewer variable inputs and is measured by total factor productivity. Considering the avail-
ability and completeness of the data, this study employs the Levinsohn-Petrin (LP) and Fixed
Effects (FE) methods to estimate total factor productivity in reference to Chen [57]. Another
mechanism variable is product productivity (§), which is the ability to produce quality with
fewer fixed outlays. The existing databases lack the information needed to directly ascertain
product productivity (£), however. Considering that R&D expenditure is avital component of
fixed expenditures and higher R&D efficiency is associated with stronger product productivity,
there exists a strong positive correlation between the two [4, 25, 52]. Therefore, enhancing the
product productivity of a firm requires continuous R&D and innovation activities to improve
its product quality. This paper measures product productivity () according to the quantity of
patent innovation (R&D_q) and innovation efficiency (R&D_e), and the specific calculating
methods with reference to He et al. [58] are as follows:

R&D_q = In (AppPatent,, + GranPatent, )

R&D.e = In (1 + AppPatent,,) /In (1 + Research,,)

Where AppPatent;, represents enterprise i’s quantity of patent applications in year ¢, GranPa-
tent;, represents enterprise i’s quantity of granted patents in year ¢ and Research; ; represents
enterprise i’s total R&D investment in year ¢.

The selection and measurement of control variables

This paper selects a series of control variables that can impact the export product quality of an
enterprise with reference to relevant studies [1, 38, 59-61]: enterprise scale (Ines), described by
the natural logarithm of the firm’s total annual assets; the rate of return on total assets (rrt),rep-
resented by the net profit of the firm divided by the average balance of total assets; manage-
ment fee rate (mfr), measured by dividing the firm’s management fee by its operating revenue
measures; Tobin’s Q (tq), which measures a firm’s performance and growth by dividing the
sum of the firm’s total market value and total liabilities by its total assets; and government subsi-
dies (Ings), which in this paper is represented by the amount of government subsidies received
by an enterprise. The descriptive statistics of specific variables are shown in Table 2.

Data sources

The data concerning export product quality in this paper were obtained from the China Cus-
toms Database. This paper refers to Shi and Shao’s [25] method of data processing to exclude
the samples of enterprises with incomplete information and unreasonable data (e.g., export
amounts under 50 or export quantities less than 100), the samples of enterprises with interme-
diate traders (enterprises with names like trade, commerce, science and trade, economic and
trade, import and export are considered as such). The elasticity of substitution between
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Table 2. Summary statistics for variables.

Variable Obs Mean Std. Dev. Min Max
Export product quality 111345 0.59 0.175 0 1
Digital transformation 111345 3.696 0.295 1.927 5.331
Enterprise scale 111345 21.992 1.342 16.412 27.569
rate of return on total assets 111345 0.05 0.078 -9.117 20.788
management fee rate 111345 0.085 2.046 -8.41 1066.288

Tobin’s Q 103183 0.555 0.424 -0.367 1.234

government subsidies 101221 16.382 1.788 2.536 222

https://doi.org/10.1371/journal.pone.0293461.t1002

products must be calculated artificially, and this paper uses the method of Broda and Wein-
stein [62].

The financial data of listed companies used in this paper were obtained from databases
such as CSMAR, INCOPAT, and CNRDS. Data regarding digital transformation were
obtained from the annual reports of each company.

After matching the data concerning a firm’s export product quality with the financial data
of listed enterprises, this created a total study sample of 4,403 listed enterprises containing
111,345 observations at the firm-product-importing country-year level for the period of 2000
to 2015. With reference to common practices in the existing literature, the data were screened,
and the following were excluded: (1) samples with serious missing core variables; (2) ST and
*ST samples; and (3) samples of financial firms.

Model setting

The following benchmark model was constructed to examine the impact of digital transforma-
tion on the export product quality of enterprises:

quality,,, = o+ BDig, + Z Controls + Year, + Indus, + u,,, (11)
Where subscript i represents different enterprises, j represents different products, m represents
importing countries, and ¢ represents time; quality;,,, denotes the quality of product j exported
by enterprise i to country m in year t, Dig denotes the degree of digital transformation of enter-
prise i in year t, and Controls is the control variable group that specifically contains enterprise
scale, the rate of return on total assets, the management fee rate, Tobin’s Q, and government
subsidies. Year, is the year-fixed effect, Indus; is the industry-fixed effect, and u;j,, is the ran-
dom disturbance term. This paper draws on the studies of Zhou [63] and DeHaan E [64] to
analyse industry fixed effects in comparison with firm fixed effects, and the results suggest that
industry fixed effects are superior to firm fixed effects.

Empirical analysis
Baseline analysis

This paper examines the impact of digital transformation on the export product quality of
firms, and the specific test results are displayed in Table 3.

Table 3 presents the baseline regression results for the benchmark model (Eq 11). The
results in column (1) of Table 3 indicate that the digital transformation of a firm can indeed
improve its export product quality when year-fixed and industry-fixed effects are not consid-
ered. The results in columns (2) and (3) of Table 3 demonstrate that digital transformation still
has a significant positive impact on export product quality even when these two effects are
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Table 3. Benchmark regression.

Variable
Dig

Ines
rrt
mfr
tq
gs
Constant
Year effect
Industry effect

Observations

R-squared

Notes: The t-statistic in parenthesis.

(6] (2 3 @
0.017*** 0.006* 0.021*** 0.007*
(0.003) (0.004) (0.003) (0.004)
0.005*** 0.004*** 0.004*** 0.003***
(0.001) (0.001) (0.001) (0.001)
-0.055*** -0.043** -0.040*** -0.021**
(0.010) (0.010) (0.011) (0.011)
-0.055*** -0.096*** 0.054™** 0.004
(0.012) (0.013) (0.014) (0.014)
0.020*** 0.016*** 0.027*** 0.023***
(0.002) (0.002) (0.002) (0.002)
-0.006™** -0.006*** -0.005*** -0.005***
(0.001) (0.001) (0.001) (0.001)
0.535%** 0.607*** 0.511%** 0.602***
(0.015) (0.016) (0.017) (0.019)
No Yes No Yes
No No Yes Yes
101221 101221 101221 101221
0.004 0.011 0.028 0.034

ik *% and * indicate statistically significant at 1%, 5%, and 10%, respectively.

https://doi.org/10.1371/journal.pone.0293461.t003

considered. The results in column (4) of Table 3 show that the explanatory variable coefficients
are still significantly positive, which indicates that the digital transformation of enterprises can
improve export product quality when year-fixed and industry-fixed effects are both considered
in the model. This is consistent both with the above theoretical analysis of direct effects and
the findings of similar existing studies [45], Hereby proving Hypothesis 1.

Robustness test

To further confirm that the results of the benchmark regression are robust and credible, this
paper conducts robustness tests in five aspects: replacing explanatory variables, adjusting
export product quality measures, considering regional effect, eliminating the impact of annual
variation in industry product quality, and considering endogeneity.

Replacing explanatory variables

The explanatory variables in this paper are expressed through the frequency of specific words
that relate to digitization in the statements of firms. This method of measurement does not
consider a firm’s investment in digital transformation, however. This paper therefore draws on
the study of Song et al. [7] to measure digital transformation by the proportion of total intangi-
ble assets that are related to digitization. The test results are displayed in column (1) of Table 4.

Adjusting export product quality measures

The elasticity of substitution between products must be calculated artificially in the process of
measuring export product quality. This paper uses the method of Broda and Weinstein to cal-
culate the alternative elasticity between products in baseline regression. Following the
approach of Fan and Guo (2015) [65], an alternative elasticity of o = 5 is employed to
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Table 4. Results of robustness tests.

Variable o)) (2) (3 4 (5 (6) ) (8 &) (10)
quality A-quality quality quality quality quality quality quality quality quality
Intangible assets 0.101***
(0.018)
Dig 0.069™** 0.013*** 0.022%** 0.0117*** 0.016*** 0.025*** 0.415*** 0.017** 0.016*
(0.003) (0.004) (0.004) (0.004) (0.004) (0.005) (0.082) (0.008) (0.008)
Ines 0.007*** -0.009*** 0.006*** 0.005*** 0.006™** 0.008*** 0.008*** 0.009*** -0.009* -0.007
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.002) (0.005) (0.005)
rrt -0.052%** 0.119*** -0.063*** -0.024 -0.018 -0.072*** -0.009 -0.008 0.092** 0.082**
(0.010) (0.008) (0.012) (0.015) (0.011) (0.013) (0.016) (0.012) (0.037) (0.036)
mfr -0.043*** -0.008 -0.014 0.031* 0.032** 0.002 0.046*** -0.081*** 0.049 0.058
(0.015) (0.011) (0.015) (0.016) (0.014) (0.015) (0.017) (0.023) (0.046) (0.046)
tq 0.001 -0.0127*** 0.016*** 0.006** 0.0227%** 0.017*** 0.010*** 0.050*** 0.019%** 0.016™*
(0.002) (0.001) (0.002) (0.002) (0.002) (0.002) (0.002) (0.006) (0.007) (0.007)
Ings -0.005*** -0.004*** -0.005*** -0.007*** -0.008™** -0.007*** -0.010*** -0.012%** 0.001 0.001
(0.001) (0.000) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Constant 0.530*** 0.343%** 0.516™** 0.525** 0.559*** 0.497*** 0.510*** 0.7227** 0.669™**
(0.017) (0.015) (0.021) (0.025) (0.021) (0.022) (0.026) (0.108) (0.107)
Year effect Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Industry effect Yes Yes Yes Yes Yes Yes Yes Yes
Province effect Yes Yes
City effect Yes Yes
Year*Ind Yes Yes Yes
Country effect Yes Yes
Year*Ind* Yes Yes
Country
Id effect Yes Yes
Trade effect Yes
First stage F value 49.02
Wald test 253.351%**
Observations 127350 92505 101221 101221 101220 101220 101220 97260 98594 98593
R-squared 0.033 0.276 0.041 0.061 0.044 0.051 0.068 0.104 0.261 0.270

Notes: The t-statistic in parenthesis.

e, **, and * indicate statistically significant at 1%, 5%, and 10%, respectively.

https://doi.org/10.1371/journal.pone.0293461.t1004

recompute the export product quality (A-quality) for the conducting of robustness tests and
ensure the robustness of the estimation results. The results of the tests are presented in column
(2) of Table 4.

Regional effects

Considering the variations in economic development and policy regulations across different
provinces where firms are located, this study tests robustness by incorporating controls for
provincial and industry influences. The results are presented in column (3) of Table 4. Addi-
tionally, this study further controls for city and industry effects due to the possibility of city-
level characteristics remaining constant over time. The results are presented in column (4) of
Table 4.
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Eliminating the impact of annual variations in industry product quality

Considering that trends in product quality may vary across different industries over time, it is
possible for some industries to experience a decline in product quality and a larger proportion
of poorly digitized firms while others see the reverse. While this study has already controlled
for industry fixed effects in product quality, it is necessary to further account for annual
changes in industry product quality. Therefore, this paper incorporates controls for year-
industry interaction effects and regional effects to eliminate the impact of annual variations in
industry product quality. The results of this analysis are presented in columns (5)-(7) of
Table 4.

Considering endogeneity

This study investigates how the digital transformation of enterprises enhances export product
quality, and it is possible for a bi-directional causality to exist between digital transformation
and the export product quality. Specifically, enterprises with a higher export product quality
may also have a stronger willingness to adopt digital technologies. This bi-directional causality
relationship may pose endogeneity challenges to the results of the benchmark model. Drawing
on the relevant research [66], this paper employs the fiber optic cable length as an instrumental
variable for digital transformation and uses the two-stage least square method for estimation.
The primary reasons for selecting this instrumental variable are as follows: (1) Fiber optic
cable length is the most vital aspect of digital infrastructure in the digital era [67]. The length
of fiber-optic cables represents the capacity for the high-speed and stable transmission of digi-
tal information. The length demanded of fiber optic cable routes increases in tandem with the
demand for larger network bandwidth as enterprises undergo digital transformation, and the
fact that this length is so closely intertwined with the progress of this transformation thor-
oughly satisfies the relevance condition. (2) Since China’s fiber optic cables are primarily con-
trolled and maintained by its four major state-owned network operators, this instrumental
variable is unrelated to export product quality, satisfying the exogeneity assumption for the
instrumental variable. The results of the endogeneity test in this paper are shown in column
(8) of Table 4.

Other robustness tests

This study also conducts a series of other robustness tests. Considering that factors such as the
destination country and the trade mode adopted by the enterprise may also have an impact on
the explained variable, we further control for these two effects to minimize any problems
caused by the omission of important variables. We also consider that the export product qual-
ity of an enterprise may change over time, particularly in terms of trends like increasing prod-
uct standards in the destination country. We therefore further control the interaction effects of
time-industry-export destination country to comprehensively address issues concerning omit-
ted variables. The results are shown in columns (9) and (10) of Table 4.

The results in Table 4 reveal that the explanatory variable coefficients are significantly posi-
tive after a series of robustness tests, offering evidence that the primary findings in this paper
are indeed robust.

Further analysis

Mechanism analysis. After empirically verifying the effect of digital transformation on
export product quality, we further test their underlying influence mechanisms in this section.
Based on the above theoretical analysis, the impact of digital transformation on export product
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quality can be realized through the two mechanisms of process productivity (¢) and product
productivity (£).

To further ascertain whether process productivity (¢) and product productivity (£) present
a mediation effect between digital transformation and quality, this paper draws on the logic of
mechanism analysis [68-72], establishing Eq (12) to test the mechanisms by which the digital
transformation of an enterprise improves its export product quality.

M=o+ Duig;, + Z Controls,, + Year + Indus + u, (12)

Where M denotes the variable of the mechanism and the meaning of the remaining variables
is consistent with Eq (11). Considering the problem of endogeneity between the mechanism
variables and explanatory variable, the two-stage least square method is used to empirically
test the impact of digital transformation on mechanism variables. This paper refers to recent
research [73, 74] in selecting the number of internet broadband access ports and domain
names as the instrumental variable, the primary reasons for which are as follows: (1) internet
broadband access ports and domain names are two crucial elements in the integration of the
real and digital economies, and intuitively reflect the maturation of digital transformation,
which satisfies the relevance condition; (2) internet broadband access ports and domain
names are not directly correlated with export product quality, which satisfies the assumption
of exogeneity in the selection of instrumental variables. The specific test results are displayed
in Table 5.

Table 5. Results of mechanism test.

Variables

Dig

Ines

rrt

mfr

tq

Ings
Constant

First stage F value
Wald test
Year effect
Industry effect

Observations

R-squared

(1) (2) (3) (4)
tfp_lp tfp_fe R&D_q R&D_e
0.160*** 0.081*** 0.573%*** 0.003*
(0.007) (0.007) (0.025) (0.001)
-0.669™** -0.866™** 0.537%%* 0.016™**
(0.002) (0.002) (0.005) (0.000)
-2.138%%* -1.671%%* 1.273%** 0.079***
(0.020) (0.020) (0.065) (0.003)
2.416™** 2.673%** -0.000 -0.000
(0.022) (0.022) (0.001) (0.000)
0.006* -0.022%** -0.028** -0.007***
(0.004) (0.004) (0.012) (0.001)
-0.008*** -0.019*** 0.218*** 0.009™**
(0.001) (0.001) (0.003) (0.000)
23.597%** 30.471%** -15.464*** -0.416***
(0.038) (0.037) (0.122) (0.007)
1.1e+05 1.3e+05 3924.72 3327.01
127.986 127.986 166.819 119.902
Yes Yes Yes Yes
Yes Yes Yes Yes
107459 107459 108333 98371
0.905 0.943 0.597 0.434

Notes: The t-statistic in parenthesis.

ik *% and * indicate statistically significant at 1%, 5%, and 10%, respectively.

https://doi.org/10.1371/journal.pone.0293461.t005
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The results In columns (1) and (2) of Table 5 show that the coefficients of the explanatory
variable (Dig) are significantly positive, indicating that the digital transformation of an enter-
prise significantly improves its process productivity (¢). The results in columns (3) and (4) of
Table 5 show that the coefficients of the explanatory variable (Dig) are significantly positive,
which indicates that the digital transformation of an enterprise also has a significant positive
impact on its product productivity (). Numerous studies have also illustrated the pivotal role
played by process productivity (¢) and product productivity (§) in improving export product
quality [25, 52, 53, 75-79]. With reference to these works, we can draw the conclusion that dig-
ital transformation can indeed influence the export product quality of an enterprise for the bet-
ter through the two mechanisms of process productivity (¢) and product productivity (£),
proving Hypotheses 2 and 3.

Heterogeneity analysis. Enterprise heterogeneity. Considering that the heterogeneity of an
enterprise is an integral component of its export product quality [1], it is reasonable to take this
into account when studying how it this affected by digital transformation. We define enterprise
heterogeneity in this study in terms of a firm’s trade mode, corporate governance, and the
industry to which it belongs. We then analyze this heterogeneity through a sub-sample test.
First, digital transformation has different effects on the improvement of product quality for dif-
terent trade modes. To test heterogeneity, the total sample in this study is divided into two sub-
samples of general and processing trade modes. Second, firms with different levels of corporate
governance have different requirements concerning their management, leading to different
applications and absorption capacities for digital technology and different levels of production
and operation. Digital transformation can therefore affect the improvement of product quality
in a variety of ways. This paper draws on the study of Zhou et al. [80] to test heterogeneity by
dividing the sample of enterprises into strong and weak governance categories. Finally, products
with different technical attributes contain different technologies, and digital transformation will
improve product quality differently depending on the technical level of the industry to which
the enterprise belongs. Drawing on the research of Brockman et al. [81], this study also tests het-
erogeneity by categorizing industries as either high-tech or low-tech intensive based on the
median intensity of R&D in each industry. The specific test results are shown in Table 6.

The results in columns (1) and (2) of Table 6 indicate that the impact of digital transforma-
tion on export product quality is significantly higher in general trade enterprises than in those
engaged in processing trade. This is because general trade enterprises are engaged in the com-
plete range of activities along the value chain from R&D to sales. These firms have abundant
resources in reserve and are highly capable of transformation, which leads to a greater demand
for improvements in product quality. Processing trade enterprises are instead engaged mainly
in low value-added activities like processing and product assembly where they are tasked with
fulfilling orders. These enterprises have a relatively lower demand to improve production
capacity and a limited means to transform, leading to a lower demand for improvements in
product quality [2]. Digital transformation therefore has a significant effect on improving the
export product quality of general trade enterprises. The results in columns (3) and (4) of
Table 6 show that digital transformation also has a more pronounced effect on enterprises
with strong corporate governance. One possible reason is that corporate governance can
directly reflect a firm’s capacity for technological integration and the allocation of resources.
The stronger its capacity for corporate governance, the more a firm is able to integrate technol-
ogy and resources to improve its export product quality. The results in columns (5) and (6) of
Table 6 indicate that digital transformation affects export product quality more significantly in
high-tech industries. This is because enterprises engaged in high-tech industries are technol-
ogy-rich and have a stronger demand for high-end services such as R&D, design, and informa-
tion, all of which are conducive to the improvement of their export product quality.
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Table 6. Results of heterogeneity analysis.

Variables (1)

General trade

Dig 0.013%**
(0.004)
Ines 0.003**
(0.001)
ITS -0.018
(0.012)
mfr 0.032**
(0.015)
tq 0.029%**
(0.002)
Ings -0.005***
(0.001)
Constant 0.574***
(0.022)
Year effect Yes
Industry effect Yes
Observation 79029
R-square 0.029

Notes: The t-statistic in parenthesis.
s,okk Kok

) (€)) (G (5) (6)
Processing trade Strong governance Weak governance High-tech industries | Low-tech
industries
-0.002 0.014** 0.001 0.023*** -0.001
(0.009) (0.006) (0.005) (0.005) (0.006)
0.005*** 0.003** 0.002 0.007*** 0.002
(0.002) (0.001) (0.001) (0.001) (0.002)
-0.015 -0.011 0.003 0.037*** -0.133*%*
(0.028) (0.015) (0.017) (0.013) (0.020)
-0.079** 0.095*** -0.1317%** 0.134™** -0.245***
(0.038) (0.017) (0.025) (0.016) (0.026)
0.002 0.026*** 0.009*** 0.025*** 0.028"**
(0.004) (0.003) (0.003) (0.002) (0.003)
-0.006™** -0.005*** -0.006™** -0.009*** 0.001
(0.001) (0.001) (0.001) (0.001) (0.001)
0.625*** 0.557*** 0.688™** 0.506™** 0.585"**
(0.047) (0.030) (0.030) (0.025) (0.036)
Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
22190 50211 51010 56642 44579
0.067 0.039 0.039 0.019 0.060

, **, and * indicate statistically significant at 1%, 5%, and 10%, respectively.

https://doi.org/10.1371/journal.pone.0293461.t006

Heterogeneity in the digital transformation of enterprises. Enterprises vary in their endoge-
nous motivations and capabilities concerning digital transformation. This study divides digital
transformation into different levels relative to the average and examines their different effects
on export product quality. An enterprise is considered to have a high level of digital transfor-
mation if it is above the average, and vice versa. The specific test results are shown in columns
(1) and (2) of Table 7, underscoring that higher digital transformation does indeed result in
greater improvements in export product quality.

Heterogeneity at the level of regional digital infrastructure. Considering that the current level
of digital development varies greatly between regions in China, does the impact of digital
transformation on a firm’s export product quality also result in heterogeneity? To this end, this
paper refers to the work of Pan et al. [82] to construct indicators for the infrastructure of the
digital economy and calculates the level of digital infrastructure in each province. A province
is considered as having a high level of digital infrastructure if it is above the median level of all
provinces and vice versa. The specific test results are shown in columns (3) and (4) of Table 7.
They indicate that a higher level of digital infrastructure in a province indeed corresponds to
digital transformation having a greater effect on the export product quality of its firms.

Conclusions and implications
Conclusions

Harnessing the power of digital technology has become the central driving force for the evolu-
tion and growth of different industries in the midst of the digital revolution. Leveraging the
dividends of the digital economy to enhance export product quality and become more
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Table 7. Results of heterogeneity analysis.

Variables (1)
Higher digital transformation
Dig 0.031%**
(0.007)
Ines 0.005***
(0.001)
IS 0.014
(0.013)
mfr 0.075***
(0.017)
tq 0.029%**
(0.003)
Ings -0.008***
(0.001)
Constant 0.485%**
(0.032)
Year effect Yes
Industry effect Yes
Observation 63289
R-square 0.035

Notes: The t-statistic in parenthesis.

(2 3) 4
Lower digital transformation | Higher level of digital infrastructure | Lower level of digital infrastructure
0.005 0.010** 0.011
(0.009) (0.005) (0.007)
0.000 0.003** 0.003*
(0.002) (0.001) (0.001)
-0.084*** -0.024 -0.0627%**
(0.021) (0.015) (0.020)
-0.170*** -0.024 -0.021
(0.026) (0.019) (0.024)
0.015*** 0.019*** 0.021***
(0.003) (0.002) (0.004)
-0.003** -0.003*** -0.0127***
(0.001) (0.001) (0.001)
0.640*** 0.556™** 0.707***
(0.042) (0.024) (0.039)
Yes Yes Yes
Yes Yes Yes
37931 64510 36711
0.039 0.043 0.032

ik *% and * indicate statistically significant at 1%, 5%, and 10%, respectively.

https://doi.org/10.1371/journal.pone.0293461.t007

competitive in foreign trade will be crucial in reshaping the image of Made in China. This
paper makes use of the data of listed companies in China from 2000 to 2015 to examine the
influence of digital transformation on export product quality. It analyzes the endogenous
determinants of export product quality from the theory of enterprise heterogeneity to explore
the influence mechanisms of digital transformation. The main conclusions are as follows:
First, the digital transformation of an enterprise significantly improves export product quality,
and the empirical findings still hold after a series of robustness tests. Second, digital transfor-
mation improves export product quality through process productivity (¢) and product pro-
ductivity (§). Third, the heterogeneity analysis finds that digital transformation affects export
product quality the most for firms that are engaged in general trade, those in high-tech indus-
tries, and those with a stronger capacity for corporate governance. At the same time, the differ-
ences in the surrounding digital infrastructure and level of digital transformation among
enterprises also affects the manner in which digital transformation improves quality.

Policy implications

Based on the above findings, this paper points out the following policy implications concern-
ing how firms may enhance the quality of their export products and help to foster a large trade
nation:

First, government should accelerate the digital transformation of enterprises and provide
an environment that guarantees its realization. The research in this paper shows that a higher
level of digital transformation corresponds to greater improvements in a firm’s export product
quality. The government should provide financial and policy support for firms that have
already undergone digital transformation to promote further improvements while providing
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subsidies and underwriting measures for those that have not. This will promote digital trans-
formation and improve the efficiency and capacity for quality production among enterprises,
thereby upgrading the quality of their products. In addition, the analysis of the level of digital
infrastructure across regions of China shows that this also affects how digital transformation
improves export product quality. The government should gather investment and promote the
construction of big data centers, 5G, and other forms of digital infrastructure regionally to bol-
ster the digital transformation of enterprises and improve the quality of their export products.

Second, enterprises should seize the opportunity for digital transformation to improve their
efficiency and ability to innovate, making their products more competitive in overseas mar-
kets. The research in this paper shows that total factor production efficiency and the capacity
for technological innovation are the primary means by which digital transformation improves
the export product quality of an enterprise. Firms should therefore seize the opportunity pro-
vided by digital transformation to reorganize and optimize how innovation is managed, culti-
vating their ability to absorb and integrate various technical resources. They should also
strengthen their use of digital technology in production, management, and sales while invest-
ing in artificial intelligence, robotics, interconnection platforms, intelligent sensors, and other
intelligent equipment, as doing so will improve precision, efficiency, and the quality of their
products.

Third, digital transformation should be targeted at improving the export product quality of
different types of firms. Considering that differences in trade modes, technical attributes, and
governance capabilities among firms change the way that digital transformation improves
their export product quality, both the government and enterprises should take targeted mea-
sures to maximize these effects. The government should prioritize financial support to enter-
prises engaged in general trade and high-tech industries, and enterprises that have already
realized digital transformation should strengthen their corporate governance. Low-tech enter-
prises should strengthen their expenditures in technological R&D and innovation, applying
digital transformation to all aspects of their production and operations and seizing the oppor-
tunity to improve their export product quality.

Shortcomings and outlook

First, this paper has measured the export product quality of firms from an industry-wide per-
spective. As industries are highly varied, future research can further explore the factors influ-
encing export product quality within each industry. Second, further research can explore how
export quality is affected in the different dimensions of digital transformation. As there may be
differences in the mechanisms through which the various dimensions of digital transformation
affect product quality, future research could further explore the impact on product quality at
the level of the various dimensions of digital transformation.

Supporting information

S1 Table. The data of all variables.
(Z1P)

Acknowledgments

The authors are appreciative of the valuable comments of the anonymous reviewers. All errors
remain the sole responsibility of the authors.

PLOS ONE | https://doi.org/10.1371/journal.pone.0293461 November 2, 2023 18/22


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0293461.s001
https://doi.org/10.1371/journal.pone.0293461

PLOS ONE

The impact of corporate digital transformation on the export product quality: Evidence from China

Author Contributions

Data curation: Jing Qian.

Formal analysis: Jing Qian.

Funding acquisition: Jing Qian.

Methodology: Jing Qian.

Software: Jing Qian.

Supervision: Jing Qian, Qunzhi She.

Writing - original draft: Jing Qian.

Writing - review & editing: Jing Qian, Qunzhi She.

References

1.

10.

11.

12

13.

14.

15.

16.

Liu JH, Wan GH. Internet, minimum wage standard and the quality improvement of Chinese enterprises’
export products. Economic Review. 2021; (04):59-74. https://doi.org/10.19361/j.er.2021.04.04

Xie J, Wang SH. The digital economy and the upgrading of export product quality of manufacturing
enterprises. Wuhan University Journal (Philosophy and Social Science). 2022; 75(01):101-113.
https://doi.org/10.14086/j.cnki.wujss.2022.01.010

Hallak JC, Sivadasan J. Product and process productivity: implications for quality choice and conditional
exporter premia. Journal of International Economics. 2013; 91(1):53-67. https://doi.org/10.1016/j.
jinteco.2013.05.001.

Melitz MJ. The impact of trade on intra-industry reallocations and aggregate industry productivity. Econ-
ometrica.2003; 71(6):1695—-1725. https://doi.org/10.1111/1468-0262.00467.

Xu BD, Li RL. The impact of global value chain participation on export product quality. South China Jour-
nal of Economics. 2020; (12):19-37. https://doi.org/10.19592/j.cnki.scje.380476.

Liu DL, Dong CT, Ding XC. Digital innovation era: opportunities and challenges for China. Science of
Science and Management of S.& T. 2020; 41(06):3-15.

Song DY, Zhu WB, Ding H. Can firm digitalization promote green technology innovation? An examina-
tion based on listed companies in heavy pollution industry. Journal of Finance and Economics. 2022;
48(04):34-48. https://doi.org/10.16538/j.cnki.jfe.20211218.304.

Wu F, Hu HZ, Lin HY, Ren XY. Corporate digital transformation and capital market performance-empiri-
cal evidence from stock liquidity. Journal of Management World. 2021; 37(07):130-144. https://doi.org/
110.19744/j.cnki.11-1235/f.2021.0097.

Zhang JC, Long J. Digital transformation, dynamic capabilities and firm innovation performance—
empirical evidence from high-tech listed firms. Economy and Management. 2022; 36(03):74—83.

Zahid RA, Khurshid M, Ying C. Digital technologies and supply chain management: historic, current,
and future perspectives. Emerging Trends in Sustainable Supply Chain Management and Green Logis-
tics, 2023; 41-74. https://doi.org/10.4018/978-1-6684-6663-6.ch003

Gao M Q JY, Wang XY. Service liberalization, digital service transformation and Chinese firms’ exports
in destination countries. Reform of Economic System. 2021; (04):117-123.

YiJT, Wang YH. Research on the impact of digital transformation on enterprise exports. China Soft Sci-
ence. 2021; (03):94—104.

Li N, Shi BB, Bai DB. Does the new digital infrastructure help promote the domestic value-added rate of
manufacturing exports?—A Mechanistic Analysis and Effect Test. Commercial Research. 2022;
(01):12—24. https://doi.org/10.13902/j.cnki.syyj.2022.01.014.

Cheng K, Yang FM. Research on the influence of FDI and OFDI on the quality of export products. Eco-
nomic Survey. 2019; (3):49-57. https://doi.org/10.15931/j.cnki.1006-1096.20190416.005.

Du WJ, Li MJ. Relationship between OFDI and export products: a variable weight estimation based on
propensity score matching. Journal of International Trade. 2015; (8):112—122. https://doi.org/10.13510/
j.cnki.jit.2015.08.012.

Amiti M, Khandelwal AK. Import competition and quality upgrading. Review of Economics and Statistics.
2013; 95(2): 476-490. https://doi.org/10.1162/REST_a_00271

PLOS ONE | https://doi.org/10.1371/journal.pone.0293461 November 2, 2023 19/22


https://doi.org/10.19361/j.er.2021.04.04
https://doi.org/10.14086/j.cnki.wujss.2022.01.010
https://doi.org/10.1016/j.jinteco.2013.05.001
https://doi.org/10.1016/j.jinteco.2013.05.001
https://doi.org/10.1111/1468-0262.00467
https://doi.org/10.19592/j.cnki.scje.380476
https://doi.org/10.16538/j.cnki.jfe.20211218.304
https://doi.org/110.19744/j.cnki.11-1235/f.2021.0097
https://doi.org/110.19744/j.cnki.11-1235/f.2021.0097
https://doi.org/10.4018/978-1-6684-6663-6.ch003
https://doi.org/10.13902/j.cnki.syyj.2022.01.014
https://doi.org/10.15931/j.cnki.1006-1096.20190416.005
https://doi.org/10.13510/j.cnki.jit.2015.08.012
https://doi.org/10.13510/j.cnki.jit.2015.08.012
https://doi.org/10.1162/REST_a_00271
https://doi.org/10.1371/journal.pone.0293461

PLOS ONE

The impact of corporate digital transformation on the export product quality: Evidence from China

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Shi XX LIU D. Intermediate input trade liberalization, skill structure and export product quality upgrading.
World Economy Studies. 2019; (06):82—94. https://doi.org/10.13516/j.cnki.wes.2019.06.007.

Xu HL, Wang HC. The effect of minimum wage standards on firms’ export quality. The Journal of World
Economy. 2016; 39(07):73-96. https://doi.org/10.19985/j.cnki.cassjwe.2016.07.005.

Zhang J, Zhai FX, Zhou XY. Government grands, market competition and the quality of export products.
Journal of Quantitative & Technological Economics. 2015; (4):71-87. https://doi.org/10.13653/j.cnki.
jqte.2015.04.005.

Zhang Y. Does government subsidy improve Chinese manufacturing firms’ export quality. Journal of
International Trade. 2017; (4):27-37. https://doi.org/10.13510/j.cnki.jit.2017.04.003

Su DN, Sheng B, Shao ZD. Industrial agglomeration and firms’ export product quality upgrading. China
Industrial Economics. 2018; (11):117-135. https://doi.org/10.19581/j.cnki.ciejournal.2018.11.007.

Liu XH. Industrial agglomeration and export product quality: agglomeration effect or crowding effect.
International Economics and Trade Research. 2020; 36(07):33-51. https://doi.org/10.13687/j.cnki.
gjjmts.2020.07.003.

Qing T. Intellectual property protection, trade costs and export product quality. International Economics
and Trade Research. 2020; 36(03):30—45. https://doi.org/10.13687/j.cnki.gjjmts.2020.03.003.

Fan H, Li YA, Yeaple SR. On the relationship between quality and productivity: evidence from China’s
accession to the WTO. Journal of International Economics. 2018; 110(1):28—49. https://doi.org/10.
1016/j.jinteco.2017.10.001

Shi BZ, Shao WB. Measurement of Chinese firms’ export product quality and its determinants—a micro
perspective on fostering new competitive advantages in exports. Journal of Management World. 2014;
(09):90-106. https://doi.org/10.19744/j.cnki.11-1235/f.2014.09.009.

Wang SY, Zheng LK. Does servitization of manufacturing promote the upgrading of export products—
Based on the dual perspective of export product quality and export technology complexity. Journal of
International Trade. 2019; (11):45-60. https://doi.org/10.13510/j.cnki.jit.2019.11.004.

Zhu SJ, Tang C. The impact of going public on quality upgrading of export products—evidence from Chi-
na’s manufacturing firms. China Industrial Economics.2020; (2):117—-135. https://doi.org/10.19581/j.
cnki.ciejournal.2020.02.007.

Ebert C, Duarte CHC. Digital Transformation. IEEE Software.2018; 35(4): 16—-21. https://doi.org/10.
1109/MS.2018.2801537.

Zhao CY. Digital development and servitization: empirical evidence from listed manufacturing compa-
nies. Nankai Business Review. 2021; (2):149-161.

Loebbecke C, Picot A. Reflections on societal and business model transformation arising from digitiza-
tion and big data analytics: a research agenda. The Journal of Strategic Information Systems. 2015; 24
(3):149-157. https://doi.org/10.1016/j.jsis.2015.08.002.

Goldfarb A, Tucker C. Digital economics. Journal of Economic Literature. 2019; 57(1):3—43. https:/doi.
org/10.1257/jel.20171452.

Liu SC, Yan JC, Zhang SX, Lin HC. Can Corporate Digital Transformation Promote Input-Output Effi-
ciency? Journal of Management World. 2021; (05):170—190. https://doi.org/10.19744/j.cnki.11-1235/f.
2021.0072.

Yuan C, Xiao TS, Geng CX, Sheng Y. Digital transformation and division of labor between enterprises:
vertical specialization or vertical integration. China Industrial Economics. 2021; (9):137-155. https://doi.
org/10.19581/j.cnki.ciejournal.2021.09.007

Sun J. From digital economy to digital trade: connotation, features, rule setting and impacts. Interna-
tional Economics and Trade Research. 2020; 36(05):87-98. https://doi.org/10.13687/j.cnki.gjjmts.
2020.05.006.

DangL, Li XS, Shen S. Manufacturing digital transformation and its export technological sophistication.
Journal of International Trade. 2021; (06):32—47. https://doi.org/10.13510/j.cnki.jit.2021.06.003.

Pei CH, Liu B. The dynamic energy conversion of China’s foreign trade and the formation of new inter-
national competitive advantages. Economic Research Journal. 2019; 54(05):4-15.

Meijers H. Does the internet generate economic growth, international trade, or both? International Eco-
nomics and Economic Policy. 2014; (12):137-163. https://doi.org/10.1007/s10368-013-0251-x.

Li B, Li R. Internet and firm’s exports: empirical evidence from China’s industrial enterprises. The Jour-
nal of World Economy. 2017; 40(07):102—125. https://doi.org/10.19985/j.cnki.cassjwe.2017.07.006.

Liu L, Nath HK. Information and communications technology and trade in emerging market economies.
Emerging Markets Finance and Trade. 2013; 49 (6): 67-87. https://doi.org/10.2753/REE1540-
496X490605.

PLOS ONE | https://doi.org/10.1371/journal.pone.0293461 November 2, 2023 20/22


https://doi.org/10.13516/j.cnki.wes.2019.06.007
https://doi.org/10.19985/j.cnki.cassjwe.2016.07.005
https://doi.org/10.13653/j.cnki.jqte.2015.04.005
https://doi.org/10.13653/j.cnki.jqte.2015.04.005
https://doi.org/10.13510/j.cnki.jit.2017.04.003
https://doi.org/10.19581/j.cnki.ciejournal.2018.11.007
https://doi.org/10.13687/j.cnki.gjjmts.2020.07.003
https://doi.org/10.13687/j.cnki.gjjmts.2020.07.003
https://doi.org/10.13687/j.cnki.gjjmts.2020.03.003
https://doi.org/10.1016/j.jinteco.2017.10.001
https://doi.org/10.1016/j.jinteco.2017.10.001
https://doi.org/10.19744/j.cnki.11-1235/f.2014.09.009
https://doi.org/10.13510/j.cnki.jit.2019.11.004
https://doi.org/10.19581/j.cnki.ciejournal.2020.02.007
https://doi.org/10.19581/j.cnki.ciejournal.2020.02.007
https://doi.org/10.1109/MS.2018.2801537
https://doi.org/10.1109/MS.2018.2801537
https://doi.org/10.1016/j.jsis.2015.08.002
https://doi.org/10.1257/jel.20171452
https://doi.org/10.1257/jel.20171452
https://doi.org/10.19744/j.cnki.11-1235/f.2021.0072
https://doi.org/10.19744/j.cnki.11-1235/f.2021.0072
https://doi.org/10.19581/j.cnki.ciejournal.2021.09.007
https://doi.org/10.19581/j.cnki.ciejournal.2021.09.007
https://doi.org/10.13687/j.cnki.gjjmts.2020.05.006
https://doi.org/10.13687/j.cnki.gjjmts.2020.05.006
https://doi.org/10.13510/j.cnki.jit.2021.06.003
https://doi.org/10.1007/s10368-013-0251-x
https://doi.org/10.19985/j.cnki.cassjwe.2017.07.006
https://doi.org/10.2753/REE1540-496X490605
https://doi.org/10.2753/REE1540-496X490605
https://doi.org/10.1371/journal.pone.0293461

PLOS ONE

The impact of corporate digital transformation on the export product quality: Evidence from China

40.

M.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52,

53.

54.

55.

56.

57.

58.

59.

60.

61.

Li KW, Shao WB, Wang YJ. Information density, information infrastructure and firms’ export perfor-
mance—a theoretical and empirical analysis based on firm heterogeneity. Journal of Management
World. 2015; (04):52—65. https://doi.org/10.19744/j.cnki.11-1235/f.2015.04.006.

Szalavetz A.(2019).Digitalisation, automation and upgrading in global value chains-factory economy
actors versus lead companies. Post-Communist Economis. 2019; (31):646—670. https://doi.org/10.
1080/14631377.2019.1578584.

Zhang Q, Yu JP. Input digitization and climbing global value chain: micro evidence from Chinese
manufacturing enterprises. Economic Review. 2020; (06):72—-89. https://doi.org/10.19361/j.er.2020.06.
07.

Jin XY, Dai JP. Effective information disclosure and enterprises’ export performance. The Journal of
World Economy. 2019; 42(05):99—122. https://doi.org/10.19985/j.cnki.cassjwe.2019.05.006.

Du MW, Geng JZ, Liu WG. Enterprises’ digital transformation and quality upgrading in Chinese export
product: micro-evidence from listed companies. Journal of International Trade. 2022; (06):55—-72.
https://doi.org/10.13510/j.cnki.jit.2022.06.009.

Hong JJ, Jiang MC, Zhang CY. Digital transformation, innovation and the improvement of enterprises’
export quality. Journal of International Trade. 2022; (03):1-15. https://doi.org/10.13510/j.cnki.jit.2022.
03.001.

YuH, Yao L, He HL. How does digital product import affect the export technology complexity of Chinese
enterprises? Journal of International Trade. 2022; (03):35-50. https://doi.org/10.13510/j.cnki.jit.2022.
03.002.

Li YB, Cui J. Research on the export quality effect of digital economy. World Economy Studies. 2022;
(03):17-32. https://doi.org/10.13516/j.cnki.wes.2022.03.006.

He F, Liu HX. The performance improvement effect of digital transformation enterprises from the digital
economy perspective. Reform. 2019; (4): 137—-148.

Bramova N, Grishchenko N. ICTs, labour productivity and employment: sustainability in industries in
Russia. Procedia Manufacturing. 2020; (43): 299-305. https://doi.org/10.1016/j.promfg.2020.02.161.

Chen J, Huang S, Liu YH. Operation Management in the Digitization era: from empowering to enabling.
Journal of Management World. 2020; 36(2): 117—128. https://doi.org/10.19744/j.cnki.11-1235/f.2020.
0025.

Qiu Y, Guo ZM. Research on the mechanism and policy of digital economy for promoting the upgrading
along global value chains of Chinese SMEs. Intertrade. 2019; (11):12-20. https://doi.org/10.14114/j.
cnki.itrade.2019.11.003.

Cao Y, Chen H. Foreign direct investment, total factor productivity and export product quality upgrading:
A study based on Chinese firm-level micro data. Macroeconomic. 2021; (07):54—65. https://doi.org/10.
16304/j.cnki.11-3952/f.2021.07.006.

Luo LY, Qi Y. Research on the effect of technological innovation efficiency on quality upgrading of Chi-
nese manufacturing export products. International Economics and Trade Research. 2016; 32(04):37—
50. https://doi.org/10.13687/j.cnki.gjjmts.2016.04.003.

Bloom N, Schankerman M, Van Reenen J. Identifying technology spillovers and product market rivalry.
Econometrica. 2013; 81(4). https://doi.org/10.3982/ECTA9466.

Paunov C, Rollo V. Has the internet fostered inclusive innovation in the developing world. World Devel-
opment. 2016; 78(1). https://doi.org/10.1016/j.worlddev.2015.10.029

Khandelwal AK, Schott PK, Wei SJ. Trade liberalization and embedded institutional reform: evidence
from Chinese exporters. American Economic Review. 2013; 103(6), 2169-2195. https://doi.org/10.
1257/aer.103.6.2169

Chen WT, Han F, Zhang GF. E-commerce, R&D and Chinese firm productivity. Nankai Economic Stud-
ies. 2019; (5). https://doi.org/10.14116/j.nkes.2019.05.003.

He ZC, Pan WH, Pan HY, Wu Y. Digital transformation and innovation efficiency of manufacturing firms:
Heterogeneity analysis of manufacturing processes and business models. China Soft Science. 2023;
(03):162-177.

Shen GB, Yuan ZY. Internetization, innovation protection and the promotion of Chinese enterprises’
export quality. The Journal of World Economy. 2020; 43(11):127—151. https://doi.org/10.19985/j.cnki.
cassjwe.2020.11.007.

Zahid RA, Simga-Mugan C. An Analysis of IFRS and SME-IFRS adoption determinants: a worldwide
study. emerging markets finance and trade. 2019; 55:2, 391—408. https://doi.org/10.1080/1540496X.
2018.1500890.

Zahid RA, Simga-Mugan C. The impact of International Financial Reporting Standards adoption on the
integration of capital markets. International Journal of Finance & Economics. 2022; https://doi.org/10.
1002/ijfe.2684.

PLOS ONE | https://doi.org/10.1371/journal.pone.0293461 November 2, 2023 21/22


https://doi.org/10.19744/j.cnki.11-1235/f.2015.04.006
https://doi.org/10.1080/14631377.2019.1578584
https://doi.org/10.1080/14631377.2019.1578584
https://doi.org/10.19361/j.er.2020.06.07
https://doi.org/10.19361/j.er.2020.06.07
https://doi.org/10.19985/j.cnki.cassjwe.2019.05.006
https://doi.org/10.13510/j.cnki.jit.2022.06.009
https://doi.org/10.13510/j.cnki.jit.2022.03.001
https://doi.org/10.13510/j.cnki.jit.2022.03.001
https://doi.org/10.13510/j.cnki.jit.2022.03.002
https://doi.org/10.13510/j.cnki.jit.2022.03.002
https://doi.org/10.13516/j.cnki.wes.2022.03.006
https://doi.org/10.1016/j.promfg.2020.02.161
https://doi.org/10.19744/j.cnki.11-1235/f.2020.0025
https://doi.org/10.19744/j.cnki.11-1235/f.2020.0025
https://doi.org/10.14114/j.cnki.itrade.2019.11.003
https://doi.org/10.14114/j.cnki.itrade.2019.11.003
https://doi.org/10.16304/j.cnki.11-3952/f.2021.07.006
https://doi.org/10.16304/j.cnki.11-3952/f.2021.07.006
https://doi.org/10.13687/j.cnki.gjjmts.2016.04.003
https://doi.org/10.3982/ECTA9466
https://doi.org/10.1016/j.worlddev.2015.10.029
https://doi.org/10.1257/aer.103.6.2169
https://doi.org/10.1257/aer.103.6.2169
https://doi.org/10.14116/j.nkes.2019.05.003
https://doi.org/10.19985/j.cnki.cassjwe.2020.11.007
https://doi.org/10.19985/j.cnki.cassjwe.2020.11.007
https://doi.org/10.1080/1540496X.2018.1500890
https://doi.org/10.1080/1540496X.2018.1500890
https://doi.org/10.1002/ijfe.2684
https://doi.org/10.1002/ijfe.2684
https://doi.org/10.1371/journal.pone.0293461

PLOS ONE

The impact of corporate digital transformation on the export product quality: Evidence from China

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Broda C., Greenfield J. and Weinstein D., "From Groundnuts to Globalization: A Structural Estimate of
Trade and Growth" NBER Working Paper No. 12512, Sept. 2006.

Zhou XM. Understanding the determinants of managerial ownership and the link between ownership
and performance: comment. Journal of Financial Economics. 2001; 62(3), 559-571. https://doi.org/10.
1016/S0304-405X(01)00085-X.

DeHaan E. Using and interpreting fixed effects models. Working Paper. 2021. http://dx.doi.org/10.2139/
ssrn.3699777.

Fan HC, Guo GY. The relationship between export prices, export quality and productivity:Evidence
from China. The Journal of World Economy. 2015; 38(02):58-85. https://doi.org/10.19985/j.cnki.
cassjwe.2015.02.004.

Yu DF, Yang QC, Chen L. The Asymmetric influence of internet connection on the cost of the interre-
gional trade. Finance and Trade Economics. 2022; 43(08):150-167. https://doi.org/10.19795/j.cnki.
cn11-1166/f.20220810.003.

JiYL, LiJY, Zhao H. Digital infrastructure construction and tourism economic growth: mechanism analy-
sis based on mediating effect and moderating effect. On Economic Problems. 2022; (07):112—121.
https://doi.org/10.16011/j.cnki.jjwt.2022.07.012.

Ruan RP, Zheng FT, Liu L. The power of faith: Is religion good for entrepreneurship? Economic
Research Journal. 2014; 49(03):171-184.

Fan ZY, Peng F, Liu C. Political association and economic growth—a study based on satellite light data.
Economic Research Journal. 2016; 51(01):114—126.

Yin ZC, Song QY, Wu Yu, Peng SY. Financial knowledge, entrepreneurial decision and entrepreneurial
motivation. Journal of Management World. 2015; (01):87-98. https://doi.org/10.19744/j.cnki.11-1235/f.
2015.01.010.

Liu JK, Xiao YY. China’s environmental protection tax and green innovation: incentive effect or crowd-
ing-out effect? Economic Research Journal. 2022; 57(01):72-88.

Wu M, Cao Jing, Mao Jie. Local public debt and enterprise total factor productivity: effect and mecha-
nism. Economic Research Journal. 2022; 57(01):107—121.

Dai X, Ma HW. Digital transformation, export growth and low markup trap. China Industrial Economics.
2023; (05):61-79. https://doi.org/10.19581/j.cnki.ciejournal.2023.05.004.

Zhang HY, Zhang WT, Li T. A study of the impact of digital technology adoption on enterprises environ-
mental performance: an empirical evidence from A-share listed companies. Macroeconomics. 2023;
(05)67-84. https://doi.org/10.16304/j.cnki.11-3952/f.2023.05.008.

Johnson RC. Trade and prices with heterogeneous firms. Journal of International Economics.2012; 86
(1): 43-56. https://doi.org/10.1016/j.jinteco.2011.09.004.

Zhang J, Zhai FX, Zhou XY. Government grands, market competition and the quality of export product.
Journal of Quantitative & Technological Economics. 2015; 32(04):71-87. https://doi.org/10.13653/j.
cnki.jgte.2015.04.005.

Bustos P. Trade liberalization, exports, and technology upgrading: evidence on the impact of MERCO-
SUR on argentinian firms. The American Economic Review. 2011; 101(1). https://doi.org/10.1257/aer.
101.1.304.

Li FJ. Business productivity, product quality and choice of export destinations: Micro-level Evidence
from Chinese Manufacturing enterprises. Contemporary Finance & Economics. 2014; (04):86-97.
https://doi.org/10.13676/j.cnki.cn36-1030/f.2014.04.009.

Shen JG, Peng SZ. Technological innovation, production efficiency, export diversification and China’s
manufacturing export competitiveness. International Business Research. 2022; 13(01):59-71. https://
doi.org/10.13680/j.cnki.ibr.2022.01.007

Zhou X, Xu XF, Lu ZF. Deleveraging, who is more positive and conservative? Management
Wrold.2020; 36(08):127-148. https://doi.org/10.19744/j.cnki.11-1235/£.2020.0128.

Brockman P, Khurana IK, Zhong RI. Societal trust and open innovation. Research Policy. 2018; 47
(10):2048-2065. https://doi.org/10.1016/j.respol.2018.07.010.

Pan WH, He ZC, Pan HY. Research on spatiotemporal evolution and distribution dynamics of digital
economy development in China. China Soft Science. 2021; (10):137—-147.

PLOS ONE | https://doi.org/10.1371/journal.pone.0293461 November 2, 2023 22/22


https://doi.org/10.1016/S0304-405X(01)00085-X
https://doi.org/10.1016/S0304-405X(01)00085-X
http://dx.doi.org/10.2139/ssrn.3699777
http://dx.doi.org/10.2139/ssrn.3699777
https://doi.org/10.19985/j.cnki.cassjwe.2015.02.004
https://doi.org/10.19985/j.cnki.cassjwe.2015.02.004
https://doi.org/10.19795/j.cnki.cn11-1166/f.20220810.003
https://doi.org/10.19795/j.cnki.cn11-1166/f.20220810.003
https://doi.org/10.16011/j.cnki.jjwt.2022.07.012
https://doi.org/10.19744/j.cnki.11-1235/f.2015.01.010
https://doi.org/10.19744/j.cnki.11-1235/f.2015.01.010
https://doi.org/10.19581/j.cnki.ciejournal.2023.05.004
https://doi.org/10.16304/j.cnki.11-3952/f.2023.05.008
https://doi.org/10.1016/j.jinteco.2011.09.004
https://doi.org/10.13653/j.cnki.jqte.2015.04.005
https://doi.org/10.13653/j.cnki.jqte.2015.04.005
https://doi.org/10.1257/aer.101.1.304
https://doi.org/10.1257/aer.101.1.304
https://doi.org/10.13676/j.cnki.cn36-1030/f.2014.04.009
https://doi.org/10.13680/j.cnki.ibr.2022.01.007
https://doi.org/10.13680/j.cnki.ibr.2022.01.007
https://doi.org/10.19744/j.cnki.11-1235/f.2020.0123
https://doi.org/10.1016/j.respol.2018.07.010
https://doi.org/10.1371/journal.pone.0293461

