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ABSTRACT

The digital economy continuously injects new momentum into the traditional economy and has 
become an important driving force for national economic development. Against this backdrop and 
using input-output data from the WIOD from 2002 to 2014, this paper empirically analyzes the 
impact of the development of the digital economy on the domestic value-added rate of Chinese 
manufacturing industry exports and the mechanism underlying this relationship. The results show 
that (1) digital economic input significantly promotes growth in the domestic value-added rate of 
manufacturing industry exports, (2) digital economic input mainly increases the domestic value-
added rate of intermediate-product exports, (3) digital input has a significant positive impact on the 
capital-intensive and knowledge-intensive manufacturing industries, and (4) technological progress 
and cost reduction are important mechanisms through which the digital economy promotes the 
domestic value-added rate of exports.
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INTRoDUCTIoN

With a new generation of network information technology revolutions spreading around the world, 
the digital economy is booming. Led by innovations centered on digital networks, digital devices and 
digital information services, despite the overall economic downturn, the communications ecosystem 
is still creating channels for high growth (Hong, 2017). Between 2010 and 2015, the number of 
information and communication technology companies in the top 100 multinational companies 
doubled according to UNCTAD’s 2017 World Investment Report (UNCTAD, 2017).

The research in this paper mainly focuses on China, which is an interesting and meaningful case 
study. First, China has gradually established its position as a digital innovation leader in the world 
through the rise of influential Chinese digital enterprises, including Baidu, Alibaba, Tencent and 
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Xiaomi (OECD, 2017a). Second, the Chinese central government strongly supports the development 
of the digital economy. For example, the report of the 19th National Congress of the Communist Party 
of China clearly promoted the deep integration of the Internet, big data, artificial intelligence and the 
real economy, which makes up a large share of China’s digital economy. By 2018, China’s digital 
economy reached 31.3 trillion yuan, accounting for 34.8% of GDP1. More importantly, according 
to the PricewaterhouseCoopers Global Consumer Insight Survey (2019), China’s mobile payment 
utilization rate has reached 86%, ranking first in the world. Third, China’s average labor productivity 
in the digital sector is higher than that of OECD countries, which indicates that the digital sector has 
a greater impact on the Chinese economy than on other economies (Garcia-Herrero,2018). Fourth, 
as a large, export-oriented developing country, China is more engaged in processing, assembly and 
other production links at the low end of the global value chain. Although China is the world’s largest 
country in the trade of goods, the technical content and domestic value-added of its export products 
are relatively low, and most of its exports are final products with higher foreign value-added. At 
present, China urgently needs to adjust its export trade structure to ensure more real trade gains.

In the context of the current division of production in the global value chain and the vigorous 
development of the digital economy, this paper attempts to explore whether the digital economy 
can effectively improve China’s domestic value-added rate of exports to obtain more real trade 
gains. If so, what are the specific channels by which the digital economy influences the domestic 
value-added rate of exports? Could the digital economy effectively promote the optimization and 
upgrading of China’s export trade structure? Is the impact from the digital economy heterogeneous 
for industries with different factor intensities? The answers to these problems remain unclear. To 
solve these problems, this paper explores the influence of the digital economy on the domestic value-
added rate of total exports, the domestic value-added rate of intermediate-product exports, and the 
domestic value-added rate of final product exports. On the one hand, this research can help China’s 
manufacturing industry obtain more real trade gains and optimize and upgrade its trade structure. On 
the other hand, research on Chinese issues can provide valuable insights for other export-oriented 
developing countries. Therefore, the research in this paper has important theoretical and practical 
significance for both China and the international community.

Some scholars have concluded that the Internet can promote Chinese exports. (Li & Li, 2017; Shi 
& Wang, 2018; Fernandes et al., 2019; Shen & Yuan, 2020). Other scholars have used multinational 
panel data to examine the relationship between digital technology and trade. Abeliansky and Hilbert 
(2019) conducted a regression analysis of 122 countries and found that both the quality and quantity 
of information and communication technologies have a significant effect on export performance. 
Visser (2019) studied 162 exporters and 175 destinations, confirming that the addition of broadband 
networks has a positive and significant impact on export flows from low-income countries to high-
income countries. However, each of these studies was conducted from the perspective of export 
flows or export performance without considering the domestic value-added rate of exports, so the 
impact on countries’ real trade gains could not be explored. In this paper, measuring the relationship 
between the digital economy and China’s domestic value-added rate of exports, including the domestic 
value-added rate of final product exports and the domestic value-added rate of intermediate-product 
exports, from the perspective of the global value chain is considered to be more practical. First, the 
authors examine the digital economy’s impact on the domestic value-added rate of manufacturing 
exports. Second, to study China’s trade structure, this paper decomposes the domestic value-added 
of exports into two forms—intermediate product domestic value-added and final product domestic 
value-added—and explores the role of the digital economy in improving the structure of the domestic 
value-added of manufacturing exports. Third, this paper conducts research at the meso-industry level, 
which helps to explore the heterogeneous impact of the digital economy on industries with different 
factor intensities. Finally, this paper explores the channels through which the digital economy affects 
the value-added of manufacturing exports from two aspects, technology progress effects and cost 
reduction effects, and conducts relevant tests.
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THEoRy AND HyPoTHESIS

Technology Progress Channels
Herlitschka (2017) stated that “digital transformation brings significant changes in many areas of the 
economy and society, besting anything before concerning speed, range and impact”. The development 
of the digital economy has produced and aggregated various factors for innovation and has also 
been a significant force in the promotion of technological progress. Due to the extensive coverage 
of the digital economy, this paper will analyze the internal mechanism by which digital economic 
development promotes technological progress, considering especially information and communication 
technology (ICT), artificial intelligence and the Internet.

In terms of information and communication technology, several points should be made. First, 
information and communication technology can be used as a production factor and in operational 
processes in order to exploit its potential to promote technological progress. Second, ICT could 
complement other production factors, leading to the optimal allocation of production factors and 
a corresponding adjustment in the organizational structure and further promoting the development 
of production technologies (Zhang & Wei, 2019). Third, information technology could lead to 
technological progress in the industrial sector through mutual spillovers between information 
technology research, development and production departments and application departments.

Artificial intelligence (AI) could promote the technological progress of society through “machine 
learning” and could inspire support for innovative technologies despite the fact that AI itself is 
considered to be the result of continuous technological advancements (Brynjolfsson et al., 2017). 
Chen et al. (2019) confirmed through a dynamic general equilibrium model that artificial intelligence 
could help improve the speed of technological progress.

For the Internet, technology spillover effects are clearly observable (Ceccobelli et al., 2012; Xu, 
2019). Therefore, the Internet could accelerate the spread and diffusion of information and technology, 
thereby helping promote the technological progress of enterprises (Dunnewijk & Hultén, 2007).

By more deeply studying the relationship between technological progress and the domestic value-
added rate of exports, this paper finds that because technological progress is a critical driving force for 
the enhancement of China’s endogenous economic growth capacity and is the foundation of China’s 
independent development, such progress can enhance the degree of internalization of intermediate 
products and increase the domestic value-added rate of exports by adjusting the intermediate product 
allocation mechanism (Ma et al., 2019).

Research has indicated that technological progress is an important channel for growth in the 
domestic value-added of China’s exports (Li & Yao, 2015), and actively promoting technological 
progress is of considerable importance in increasing the share of the value-added of exports. Based 
on the above facts, the digital economy appears to have an effect on the domestic value-added rate 
of exports, which drives technological progress.

Cost Reduction Channels
The digital economy is characterized by rapid, efficient, convenient and low-cost information 
transmission. Against the backdrop of the digital economy, the manufacturing industry has shifted from 
a large-scale, standardized production model to a small-batch, personalized and flexible production 
model, which could save resources and result in cost reductions while meeting market demands for 
personalization (Liu, 2018). The concept of cost is comprehensive and varies according to business 
type. First, from the perspective of internal production and the operation of enterprises, Venables 
(2001) pointed out that the Internet can reduce production costs and organizational management costs 
for enterprises, as well as the search matching costs, communication costs and transportation costs not 
only between enterprises and upstream and downstream suppliers but also between enterprises and 
consumers. Yang and Liu (2018) believe that Internet-based e-commerce can not only significantly 
reduce marketing and other related costs but can also reduce the inventory costs of enterprises by 
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means of big data analysis. Second, from the perspective of international trade, the existence and 
development of digital trade, expanded by big data and cloud computing, have greatly improved 
transaction efficiency and greatly reduced trade costs (Ma et al., 2019). In addition to reducing the 
production and transaction costs of enterprises related to international trade (Ramli & Ismail, 2014), 
the Internet also reduced communication costs arising from linguistic dissimilarities (Visser, 2019).

In addition to Internet technologies, advanced information and communication technologies 
enable companies to conduct business operations and manage inventory more effectively, thereby 
reducing management costs (Tang et al., 2020). Blockchain technology can reduce transaction costs 
(OECD, 2017), and 3D printing technology can reduce manufacturing costs. These facts provide 
strong evidence for the role of the development of the digital economy in alleviating costs for 
manufacturing companies. In addition to the theory on the relationship between manufacturing costs 
and the domestic value-added of exports described above, some studies have demonstrated that an 
increase in production costs can reduce the domestic value-added of manufacturing companies’ exports 
(Luo, 2019). Moreover, the decrease in business operating costs and the complexity of management 
can also help boost the domestic value-added of enterprises’ exports (Xu et al., 2017). Therefore, 
the development of the digital economy appears to lower the costs of manufacturing and increase 
value-added, which translates into potential profitability. In other words, the digital economy reduces 
costs associated with the domestic value-added rate of exports.

In summary, the following hypothesis is proposed based on the channels by which the development 
of the digital economy influences the domestic value-added of exports:

Hypothesis One: The development of the digital economy promotes growth in the domestic value-
added rate of Chinese manufacturing exports.

Hypothesis Two: Technological progress and cost reductions are two important channels through 
which the development of the digital economy promotes growth in the domestic value-added of 
manufacturing exports.

ECoNoMETRIC MoDELS, VARIABLES AND DATA

Econometric Model
To effectively test the impact of the digital economy on the domestic value-added rate of manufacturing 
exports, the benchmark measurement model in this paper is set as follows:

DVAR digital X
it it it i t it
= + + + + +α β γ δ δ ε

1
 (1)

DVAR
it

 represents the domestic value-added rate of exports in sector i in period t, and its 
numerical value represents the real gains from trade in sector i exports. According to the theoretical 
model, β

1
 is expected to be a positive number. DVAR in the model can represent dvar (domestic 

value-added rate of total exports) and two variables that are decomposed to illustrate the trade structure: 
finr (domestic value-added rate of final product exports), and zjpr (domestic value-added rate of 
intermediate-product exports), which equals intr (DVAR of intermediate products absorbed directly 
into the importing country) + rexr (DVAR of intermediate products re-exported to a third country 
for absorption). The variable digital

it
 represents the digital economy, that is, the digital inputs in 

sector i in period t, and X
it

 is the set of control variables. δ δ
i t
and   are industry fixed effects and 

year fixed effects, respectively, and ε is a random error term.
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Variable Description
Explained variable: Domestic value-added rate of exports (DVAR). First, the gross trade accounting 
method from Wang et al. (2013, 2015) is used to measure and decompose the domestic value-added 
of exports and then the domestic value-added of exports is divided by the total value of exports to 
obtain dvar = finr + zjpr = finr + intr + rexr. Specifically, finr is the domestic value-added rate of 
exports in the form of final products; zjpr = intr + rexr, which indicates the domestic value-added rate 
of exports in the form of intermediate products; intr is the domestic value-added rate of intermediate 
products that are absorbed directly by the importing countries; rexr is the domestic value-added rate 
of intermediate products that are re-exported by the importing country to a third country.

Core explanatory variable: Digital economy (digital). This paper mainly uses the definition of 
Knickrehm et al. (2016), which states that all the economic output brought by every type of digital 
input is the digital economy. Digital inputs include digital skills, digital equipment (hardware, software 
and communications equipment), and digital intermediates and services for production. Due to 
limitations in data availability, only the digital inputs of each sector are used to measure the digital 
economy. Digital inputs are measured as the intermediate inputs of the domestic communications 
industry (computer programming services, consulting services and other related information service 
activities provided to manufacturing sectors). (Li, 2018).

Control variables: a. R&D intensity (rd). This measure is expressed as the ratio of the R&D 
expenditures of industrial enterprises above a designated size to industrial sales output value. b. Size 
of the state-owned economy (gx). The ratio of the total value of the industrial output of state-owned 
industrial enterprises above a designated size to the total value of the industrial output of all industrial 
enterprises above a designated size is used to measure the size of the state-owned economy. c. Industry 
concentration (con). The ratio of the industrial sales output of large and medium-sized industrial 
enterprises to the industrial sales output of industrial enterprises above a designated size is used to 
represent industrial concentration. d. Foreign direct investment (fdi). This paper uses foreign capital 
and the share of capital from Hong Kong, Macao and Taiwan in total paid-in capital to measure the 
proportion of capital that is foreign. e. Human capital level (wage). The ratio of total labor compensation 
to the total number of persons engaged in various industries is used to represent the level of human 
capital at the industry level. f. Logarithm of capital investment (lncapital). The industry-level capital 
stock is used to represent capital investment, and it is measured by the perpetual inventory method 
with the formula: K K I

it it it
= −( )+−1

1 δ . Here, K
it

 represents the fixed capital stock of industry 
i in year t. I

it
 is the fixed asset investment of industry i in year t, which is expressed as the difference 

between the original value of the fixed assets in year t and year (t-1) (Chen, 2011); then, the fixed 
asset investment price index is used to deflate this difference to constant prices with 2001 as the base 
period. δ represents the depreciation rate of the fixed assets. In this paper, following to the practice 
of Tian (2016), the depreciation rate of the manufacturing industry is set to 7.98%. For the estimation 
of the capital stock in the base period, this paper draws on Hall and Jones (1999): K

i2001
 = I

i2001
/(δ 

+ g), where g is the average annual growth rate of fixed asset investment in various industries from 
2001 to 2014.

Data Sources and Processing
The data used in this study are from the World Input-Output Tables (WIOT) and Socioeconomic 
Accounts (SEA) in the World Input-Output Database (WIOD) from 2002-2014, the China Industrial 
Economic Statistical Yearbook from 2001-2014 and the China Science and Technology Statistical 
Yearbook from 2002-2014. The missing 2004 data are supplemented by the China Economic Census 
Yearbook 2004.

In addition, since the data released by WIOD in 2016 are based on ISIC Rev. 4.0 and do not 
directly correspond to the classification of industries in China’s national economy, the sample data 
are processed into a unified industry classification system. In line with the National Economic 
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Industry Classification (GB/T4754-2002), industry matching was performed with ISIC Rev. 4.0, and 
17 combined manufacturing industries were obtained.

EMPIRICAL ANALySIS

Benchmark Regression Results
This paper first conducted a correlation analysis and variance inflation factor (VIF) test on the panel 
data, and no multicollinearity problems among the tested variables were detected. Furthermore, 
the Hausman test was also conducted on the model specification. The test result indicated that the 
null hypothesis should be rejected, which implies that a fixed-effects model was appropriate for the 
empirical analysis.

Columns (1) to (7) of Table 2 report the benchmark regression results for the impact of digital 
inputs on the domestic value-added rate of exports. Specifically, the explained variable in columns 
(1) to (3) is the total domestic value-added rate of exports (dvar). The regression results demonstrate 
that after adding control variables in column (3) and controlling for industry fixed effects and year 
fixed effects, the estimated coefficient of the digital economic variable increased, and the significance 
level increased from 5% to 1%. This indicates that the digital economy has significantly promoted the 
growth of the domestic value-added rate of manufacturing industry exports and verifies Hypothesis 
One. Moreover, the explained variables in columns (4) and (5) are the domestic value-added rate of 
final products (finr) and the domestic value-added rate of intermediate products (zjpr), respectively. 
The estimation results show that the digital economy has significantly increased the domestic 
value-added rate of intermediate-product exports and has improved the structure of the domestic 
value-added of exports, and the results are significant at the 1% level, which provides evidence that 
digital inputs could facilitate industrial upgrading and improve China’s trade structure. Finally, the 
dependent variable zjpr is decomposed into intr and rexr in columns (6) and (7). The results indicate 
that digital inputs mainly boost the domestic value-added rate of intermediate-product exports that 

Table 1. Descriptive statistics

VARIABLES N mean sd min max

digital 221 0.133 0.154 0.007 0.895

dvar 221 0.797 0.069 0.579 0.924

finr 221 0.344 0.239 0.011 0.806

zjpr 221 0.452 0.219 0.082 0.850

intr 221 0.328 0.173 0.067 0.670

rexr 221 0.125 0.062 0.015 0.282

fdi 221 0.302 0.140 0.045 0.764

rd 221 0.007 0.004 0.001 0.017

gx 221 0.199 0.192 0.013 0.870

con 221 0.560 0.176 0.198 0.908

capital 221 0.452 0.466 0.015 2.515

wage 221 0.366 0.298 0.058 1.711

cost 221 1.783 0.080 1.545 2.061

tech 221 1.341 0.452 0.679 2.629
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are re-exported by the importing country to a third country, which further proves that digital inputs 
contribute to the optimization and upgrading of the manufacturing export structure.

Heterogeneity Analysis
The digital economy could have different effects on the domestic value-added rate of exports in 
sectors because heterogeneous effects may exist among industries with different factor intensities. 
Therefore, this paper classifies the manufacturing industry into labor-intensive industries, capital-
intensive industries and knowledge-intensive industries following the methods of Fan et al. (2016)2 
and then conducts further empirical analyses of industry heterogeneity.

The regression results are shown in Table 3 below. The effect of digital inputs on the domestic 
value-added rate of exports differs by industry type. The results in column (1) show that, for labor-
intensive industries, the role of digital inputs has no significant positive impact and may even have 

Table 2. Benchmark regression results

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

dvar finr zjpr intr rexr

digital 0.045** 0.031** 0.048*** -0.021 0.068*** 0.030 0.038**

(2.41) (2.82) (3.86) (-1.68) (3.52) (0.93) (2.54)

Constant 0.832*** 0.812*** 0.757*** 0.178** 0.579*** 0.440*** 0.138***

(122.09) (18.16) (14.40) (2.30) (6.32) (5.24) (5.93)

Control Variables NO YES YES YES YES YES YES

Industry FE YES YES YES YES YES YES YES

Year FE YES NO YES YES YES YES YES

Observations 221 221 221 221 221 221 221

R-squared 0.588 0.416 0.705 0.459 0.430 0.383 0.407

Note: Robust t-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1.

Table 3. Regression results for industries with different factor intensities

VARIABLES

dvar

Labor-Intensive Capital-Intensive Knowledge-Intensive

(1) (2) (3)

digital -0.090 0.035*** 0.027*

(-0.30) (3.62) (2.30)

Constant 0.596** 0.904*** 0.684***

(5.44) (11.71) (8.37)

Control Variables YES YES YES

Industry FE YES YES YES

Year FE YES YES YES

Observations 39 104 78

R-squared 0.933 0.868 0.940

Note: Robust t-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1.
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a negative impact. This phenomenon is probably due to the fact that labor-intensive industries, such 
as textiles, clothing and wood manufacturing, have less demand for digital inputs, and increased 
use of information technology inputs will offset the advantages of cheap labor (Li, 2018) and thus 
cannot significantly increase the domestic value-added rate of exports in those sectors. In contrast, 
the results in columns (2) and (3) illustrate that digital inputs have significantly positive effects on 
both the capital-intensive and knowledge-intensive manufacturing industries, which is consistent with 
other empirical evidence; that is, these two industries are relatively more affected by digitization and 
informationization.

Endogeneity Test
Although multiple control variables are included in the model, there are still potential endogeneity 
problems. On the one hand, reverse causality probably exists between digital inputs and the domestic 
value-added rate of exports. On the other hand, the digital economy and domestic value-added rate of 
exports are also affected by some common factors. Endogeneity problems caused by missing variables 
and reverse causality could lead to unreliable empirical regression results. In case of endogeneity 
problems and to ensure the robustness and reliability of the conclusions in the paper, the instrumental 
variable method and the panel generalized method of moments estimation technique are adopted to 
analyze the model, and the results are presented in Table 4 and Table 5. The first-order lag term of 
the digital economy variable was chosen as the instrumental variable.

Table 4 and Table 5 demonstrate that the results from regressing the digital economy on the 
domestic value-added rate of exports and its decomposition terms are basically consistent with the 
benchmark regression in columns (3) to (7) of Table 2. Furthermore, both the Kleibergen-Paap rk 
LM test and the Kleibergen-Paap rk Wald F-test results in Table 4 reject the null hypothesis that 
the instrumental variables are insufficiently identified and that the instrumental variables are weak. 
In Table 5, the Cragg-Donald Wald F-statistic shows that the null hypothesis of a weak instrument 
variable is rejected, and the Sargan statistic shows that our equation is exactly identified. Therefore, 
the results in Tables 4 and 5 together indicate that the chosen instrumental variables are reasonable, 
and the basic conclusions of this paper are still robust after addressing potential endogeneity problems.

Robustness Tests
To ensure the robustness of the regression results, this paper conducts two robustness tests.

First, this paper changes the measurement of the digital economy and uses the intermediate 
inputs of the global communication industry (computer programming services, consulting services 
and other related information service activities provided to the manufacturing industry) as the new 

Table 4. Regression results that address endogeneity(IV)

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

dvar finr zjpr intr rexr

digital 0.045*** -0.024 0.069*** 0.035 0.034***

(3.31) (-1.40) (2.98) (1.18) (3.67)

Control Variables YES YES YES YES YES

Industry FE YES YES YES YES YES

Year FE YES YES YES YES YES

Observations 204 204 204 204 204

R-squared 0.324 0.330 0.348 0.270 0.340

Note: Robust t-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1.
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explanatory variable (global_digital). It is straightforward to see from a comparison of Table 2 and 
Table 6 that the robustness test regression results are basically the same as those obtained by the 
benchmark regression model, which provide strong evidence for the robustness of the model setting 
and the conclusions in this paper.

Second, this paper uses an alternative estimation method. Because the value of the explained 
variable is between (0,1) and has an obviously limited range, the lower limit of the model is set to 0, 
and the upper limit is set to 1. The estimated results are shown in Table 7. It can be directly seen from 
a comparison of Table 2 and Table 7 that the regression results from the robustness test are consistent 
with the conclusions of the benchmark regression model, which once again provides strong evidence 
for the robustness of the model and conclusions of this paper.

Mechanism Tests
Following the theoretical analysis of the mechanism, this paper further examines the cost-reduction 
and technological-progress channels through which the digital economy affects the value-added of 
manufacturing exports. Based on research by Judd and Kenny (1981), Baron and Kenny (1986) and 

Table 5. Regression results that address endogeneity (GMM)

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

dvar finr zjpr intr rexr

digital 0.038** -0.033* 0.071*** 0.031 0.040**

(2.34) (-1.66) (2.62) (1.46) (2.32)

Control Variables YES YES YES YES YES

Industry FE YES YES YES YES YES

Year FE NO NO NO NO NO

Observations 204 204 204 204 204

R-squared 0.329 0.276 0.375 0.299 0.343

Note: Robust z-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1.

Table 6. Results of the robustness tests (New Variables)

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

dvar finr zjpr intr rexr

global_digital 0.044** 0.032*** 0.046*** -0.020 0.067*** 0.031 0.036**

(2.52) (2.94) (4.09) (-1.62) (3.59) (0.96) (2.29)

Constant 0.832*** 0.813*** 0.758*** 0.178** 0.581*** 0.441*** 0.139***

(123.02) (18.19) (14.39) (2.28) (6.35) (5.26) (5.92)

Control Variable NO YES YES YES YES YES YES

Control Industry YES YES YES YES YES YES YES

Control Year YES NO YES YES YES YES YES

Observations 221 221 221 221 221 221 221

R-squared 0.589 0.418 0.706 0.460 0.431 0.384 0.403

Note: Robust t-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1.
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Wen et al. (2004), this paper constructs the following mediation effects model to test the underlying 
mechanisms:

d digital X
it it it i t it

var = + + + + +α β γ δ δ ε
1 1

 (2)

mediator digital X
it it it i t it
= + + + + +α β γ δ δ ε

2 2
 (3)

d digital mediator X
it it it it i t it

var = + + + + + +α β γ δ δ ε
4 4

 (4)

where i and t represent the industry and year, respectively; δ
i
 and δ

t
 are industry fixed effects and 

year fixed effects; ε
it

 is a random error term; and mediator represents the mediating variable. This 
paper uses data envelopment analysis (DEA) to measure the Malmquist productivity index3, 
decomposes the total factor productivity growth into a technological progress index and a technological 
efficiency growth index, and finally obtains the technological progress rate by multiplying cumulatively 
the technical progress index. Cost is the cost ratio, which is expressed as the ratio of the total costs 
in each manufacturing industry to the total output value. The costs include both the costs of the main 
business and the operating expenses. Operating costs are expressed as the difference between the 
income of the main business and the operating profits.

The test results for the mechanism by which the digital economy impacts the domestic value-
added rate of manufacturing exports are shown in Table 84. Column (1) shows the impact of the core 
explanatory variable, digital economic inputs, on the domestic value-added rate of exports. Columns 
(2) and (3) are empirical tests of the rate of technological progress as an intermediate variable. The 
estimated coefficients on digital and tech are both significantly positive. These results imply three 
things: digital inputs have significantly boosted the rate of technological progress, technological 
progress is an important channel through which the digital economy promotes the domestic value-
added rate of exports, and the digital economy has technological progress effects on the domestic 
value-added rate of manufacturing exports. Columns (4) and (5) are empirical regressions that use the 
cost rate as an intermediary variable. The estimated coefficient on digital in column (4) is significantly 
negative, as is that on cost in column (5). The results show that digital inputs significantly reduce the 
cost and expense ratio of the manufacturing industry, which is an important channel by which the 
digital economy promotes the domestic value-added rate of exports. The results also show that the 

Table 7. Results of the robustness tests (Panel Tobit)

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

dvar finr zjpr intr rexr

digital 0.042*** 0.029* 0.046*** -0.021 0.068*** 0.029 0.038***

(3.25) (1.92) (4.25) (-1.06) (3.08) (1.61) (5.15)

Constant 0.832*** 0.840*** 0.770*** 0.178*** 0.586*** 0.448*** 0.138***

(48.78) (26.82) (27.43) (2.62) (8.51) (8.06) (6.87)

Control Variables NO YES YES YES YES YES YES

Industry FE YES YES YES YES YES YES YES

Year FE YES NO YES YES YES YES YES

Observations 221 221 221 221 221 221 221

Note: z-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1.
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digital economy has a cost-cutting effect on the domestic value-added rate of manufacturing industry 
exports. In column (6), after including both tech and cost in the model, the significance level of the 
model is unchanged, and the estimated coefficient on the digital inputs variable has fallen further. 
Therefore, these results provide further evidence that technological progress and cost reductions are 
important mechanisms by which the digital economy promotes the domestic value-added rate of 
exports. Hypothesis Two is confirmed.

CoNCLUSIoN AND RECoMMENDATIoNS

Because the digital economy is booming and continues to inject new vitality into the traditional 
economy, this paper first elaborates the mechanisms by which the development of the digital economy 
effects the domestic value-added rate of exports from the perspective of technological progress and 
cost reductions. Then, Chinese manufacturing industry export DVAR as measured by the gross trade 
accounting method (Wang et al., 2013, 2015) and data from the WIOD are used to test the theoretical 
hypothesis. The results reveal several important facts. First, digital economic inputs have significantly 
increased the domestic value-added rate of manufacturing industry exports, which is conducive to 
increasing the real trade profit of the manufacturing industry. Second, further analysis finds that 
inputs from the digital economy have mainly increased the domestic value-added rate of intermediate-
product exports; that is, the development of the digital economy helps promote the optimization and 
upgrading of the export structure of the manufacturing industry. Third, the heterogeneity analysis 
results demonstrate that digital inputs have a significant positive effect on the capital-intensive and 
knowledge-intensive manufacturing industries. Fourth, the results of the intermediary effects analysis 
show that technological progress and cost reduction are vital mechanisms by which the digital economy 
promotes the domestic value-added rate of exports.

Table 8. Impact Mechanism Test: Mediation Effect Model

VARIABLES

Path 1 Path 2

dvar tech dvar cost dvar dvar

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

digital 0.050*** 0.438*** 0.042*** -0.084*** 0.043*** 0.033**

(4.24) (4.42) (3.41) (-3.75) (3.50) (2.56)

tech 0.019** 0.021**

(2.14) (2.46)

cost -0.092** -0.102***

(-2.39) (-2.68)

Control Variable YES YES YES YES YES YES

Control Industry YES YES YES YES YES YES

Control Year YES YES YES YES YES YES

Constant 0.768*** 1.222*** 0.746*** 1.830*** 0.936*** 0.929***

(32.77) (6.25) (29.18) (41.32) (12.67) (12.74)

Observations 221 221 221 221 221 221

R-squared 0.678 0.860 0.686 0.395 0.688 0.698

Note: t-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1.
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This paper proposes the following policy recommendations for China and other export-oriented 
developing countries based on the research conclusions. First, these countries should encourage the 
deep application and integration of digital technology into the manufacturing industry in order to 
further optimize and improve the export trade structure and increase the domestic value-added rate of 
exports, which will increase the efficiency of economic growth and facilitate movement to the high 
end of the relevant value chains (Ding et al. 2019). Second, coverage of the digital economy should be 
expanded, with a focus on promoting the digital upgrade of capital-intensive and knowledge-intensive 
industries. This will ultimately lead to the transition from rapid economic growth to high-quality 
development. Finally, the government and enterprises should further encourage the use of digital 
economy inputs and should simultaneously make full use of the technological progress and cost 
reduction effects of digital economy inputs to further increase real export trade gains in manufacturing 
and to promote the optimization and upgrading of the manufacturing export trade structure.
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1  Data source: China’s Digital Economy Development and Employment White Paper (2019), issued by the 
China Academy of Information and Communications Technology.

2  The manufacturing sector is subdivided into: (i) labor-intensive manufacturing (textiles, clothing 
apparel and leather products; wood and products of wood and cork, except furniture; articles of straw 
and plaiting materials; furniture; and other manufacturing), (ii) capital-intensive manufacturing (food 
products, beverages and tobacco products; paper and paper products, printing and the reproduction of 
recorded media; coke and refined petroleum products; rubber and plastic products; other nonmetallic 
mineral products; basic metals; and fabricated metal products except machinery and equipment), and (iii) 
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knowledge-intensive manufacturing (chemicals and chemical products; basic pharmaceutical products and 
pharmaceutical preparations; computer, electronic and optical products; electrical equipment; machinery 
and equipment n.e.c.; and transport equipment).

3  The average number of laborers and the capital stock as measured by the perpetual inventory method 
were selected as input variable and the output variable is the total value of industrial output (the industrial 
producer price index is used for deflating by industry).

4  Since there is an endogenous relationship between R&D intensity and technological progress in an 
economic sense, Table8 no longer includes the R&D intensity variable.


