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Abstract. Data have changed the characteristics of the global value chain in the context of digital
economy. Standards and innovation are the key facilitators of digital economy. Considering the col-
laborative development of innovation and standardization, this paper constructs a theoretical model
of the impact of innovation and standardization levels on company competitiveness. Furthermore,
the moderating effect of the coupling coordination of innovation and standardization was analyzed
for both factors. In total, 171 listed companies in the field of digital economy were selected as the
research. The results indicated that a company’s level of innovation and standardization influences
company competitiveness. Moreover, the relationship between innovation and standardization was
found to be a coordinating development relationship and not a conventional promotion or hin-
drance. This article also proposed some pertinent suggestions for companies involved in the global
value chain competition.

Keywords: technological innovation, standardization, coupling coordination, digital economy,
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Introduction

Currently, the digital economy has been paid attention to promoting and strengthening the
national economy in almost counties (Abendin & Duan, 2021; Jiao & Sun, 2021; Amuso
et al., 2020). For example, the digital economy contributing to the country’s GDP, Germany,
the United Kingdom, and the United States are the top three, with 63.4%, 62.3%, and 61.0%
contributions, respectively, followed by South Korea, Japan, Ireland, and France, with rank 4
to 7 and >40% contributions and then by Singapore, China, and Finland, with ranks 8 to 10
and >30% contributions (China Academy of Information and Communications Technology
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[CAICT], 2020). However, from the perspective of different economic development levels, a
large gap exists in the proportion of national digital economy; in particular, the proportion of
the digital economy in the GDP of developed countries is 1.9 times than that of developing
countries. Digital economy has occupied a dominant position in the national economy of de-
veloped countries, accounting for 51.3% of the GDP, while the digital economy of developing
countries accounts for only 26.8% (CAICT, 2020). The digital economy and digital technolo-
gies have been transforming national economies and lifestyles worldwide, and regardless of
the economy or other related issues, both academia and the industry have emphasized digital
transformation, such as enterprise digitalization and digital governance. However, a fixed
definition of digital economy is yet to be arrived at, and this lack of consensus leads to in-
consistent estimates of the size of a digital economy (Oostrom et al., 2016). Bukht and Heeks
(2017) classified the following three layers of digital economy: core scope, narrow scope,
and broad scope. The core layer concerns the digital (IT/ICT) sector’s economic activities,
including information services, telecommunications, hardware manufacture, software, and
IT consulting. The narrow scope focuses on the digital economy, such as digital services and
platform economy. The broad scope highlights digitalized economy, including e-businesses,
Industry 4.0, sharing economy, and the gig economy (United Nations Conference on Trade
and Development [UNCTAD], 2019).

“Data” is the most pertinent input factor that is significantly utilized by data-driven com-
panies (Deng, 2020; Hanna, 2016), in turn changing the character of global value chains.
Different factors influence the development of the digital economy differently. In particular,
developed countries emphasize on the technology component, whereas developing countries
consider the organizational factor more functional (Kartiwi & MacGregor, 2007; Szeles &
Simionescu, 2020).

No organization can control the underlying technologies of the digital economy, nor is tech-
nology the only driver (Sturgeon, 2019). Because of its links with the industry and consumers,
business models have assumed more importance, and such models include modularity, open
innovation, and platforms (Sturgeon, 2019). Compared with technology related factors, orga-
nizational factors are the main barriers faced by developing countries (Kartiwi & MacGregor,
2007). From the perspective of the modularity level, proprietary standards can help companies
increase flexibility and reduce costs in the intrafirm modular stage (Gawer & Cusumano, 2014).
Furthermore, industry standards can decrease the friction stemming from organizational and
geographic distance in the inter-firm modular stage (Sturgeon, 2019). Industries with lower
industry-level standards fall short in terms of the modularity (Sturgeon et al., 2008). From the
perspective of open innovation, digitization has considerably increased the value of innovation,
which, in turn, emphasizes intellectual property protection (Chen, 2020). Moreover, higher
patentability standards increase the value of innovation and reduce research and development
(R&D) risks (Chen, 2020). In terms of diversity of platforms, the digital economy has evolved
as a set of nested modules and platforms based on a mix of de jure and de facto standards
(Sturgeon, 2019). Compared with the foundational level that highlights the role of technology
platforms, the high level emphasizes the standardized hardware and software systems.

Although innovation and standardization are key factors driving company development,
it is still a challenge for developing countries and noncore companies to conduct achieve
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the valuable technological innovation (Bourles et al., 2013), which may result in the risk
of dependency on technology and further isolation and exclusion from high-value digital
chains due to technology monopoly or oligopoly by developed countries or core companies.
Additionally, the digital economy provides opportunities through fine slicing and reloca-
tion of global value chains (Sturgeon, 2019; Deng, 2020). The introduction of rich digital
tools, technical assistance, capital, and human resources provide developing countries and
noncore companies with more possibilities for innovation, particularly platforms. Develop-
ing countries and noncore companies must seize the opportunities furnished by the digital
economy. However, because the digital economy is a new domain undergoing rapid changes,
research, particularly in the form of empirical studies, in this field has been scant. The cur-
rent study targets companies in China and analyzes how company competitiveness (CC) can
be enhanced through innovation and standardization. However, studies on the relationship
between innovation and standardization have indicated that the positive and negative effects
are concomitant (Narayanan & Chen, 2012; Zoo et al., 2017). Therefore, this study developed
the coupling model of innovation and standardization and selected listed companies to verify
the theoretical model.

The remainder of this paper is structured as follows. Section 1 presents a literature review
of standardization and innovation using CiteSpace. Then the coupling model of standardiza-
tion and innovation has been developed. Section 2 171 listed companies in the field of digital
economy in China are selected as research objects and variables are measurement such as
innovation input and output, coupling coordination, and so on. Next, in Section 3 theoretical
model was subsequently verified through used coupling coordination analysis, correlation
analysis, and regression analysis. Finally, some suggestions for promoting CC under digital
economy are presented in the last Section.

1. Literature review and model construction
1.1. Standardization and innovation literature analysis

Standards, which plays a critical role in the industrialization of innovative achievements
(Sanders, 1972; Brunsson et al., 2012), promote the transformation of innovation results
by creating knowledge and technology transfer channels, in turn reducing production
costs and technology lock-ins (Blind & Gauch, 2009). Owing to the in-depth research
on the role of standards in technology, market, strategizing, and other related fields,
studies have increasingly identified a complex relationship between standards and in-
novation. This study employed CiteSpace visualizing a blueprint for literature review
(Chen, 2006; Yang et al., 2021, 2022) to understand the development process and trends
of the relationship between the two factors. Literature from the core collection of Web
of Science, namely SCI and SSCI databases, were selected, and the titles selected were
limited to “standard” and innovation and standardization and innovation. The timeline
of the studies selected is from 1986 to 2019; in total, 211 documents were selected. The
top 20 keywords used for the cluster analysis have been presented in Table 1, and the
time context is illustrated in Figure 1.
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Table 1. Top 20 keywords by literature frequency
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Figure 1. Keywords summary by the timeline view
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Figure 1 shows that the research on the relationship between innovation and standardiza-
tion has been gradually developing since 2008, and this research topic can be divided into
three stages on the basis of the keywords selected by the current study.

The first stage was termed technology connection, which was associated with research
on innovation and standardization that was connected with the core word technology. The
research time interval was 2008-2010, and the high-frequency keywords were 3G, diffusion,
and technology standard among others. Timeline view included the keywords “intellectual
property”, “nano-electrotechnology”, and “industry”. Research at that time reasonably re-
flected the characteristics of having “technology” as the focus.

The second stage was termed strategic integration, specifically in reference to the
scope of the research on innovation and standardization that has rapidly extended into
the spatial dimension. The research period of this stage was from 2011 to 2016. The
high-frequency keyword “strategy” appeared in 2010 as the obvious node. Other key-
words such as management and performance also appeared, in addition to strategy. The
research on innovation and standardization has risen from a technical level to a strategic
level, even to a national strategic level in certain instances. The keyword “China” ap-
peared in 2012 and developing country appeared in 2014. In the communications field,
the national disputes on 3G and 5G standards and those between large enterprises fully
demonstrated that the keywords such as standard war and technical war had risen to a
strategic level at the national level.

The third stage was denoted as global integration, and the research on innovation and
standardization indicated a trend toward globalization and synergy. The time interval of
this period was 2017 to present, with the emergence of the global value chain in 2017 as the
obvious node. The development of digital economy has tremendously changed innovation
and business models. Business models such as modularity, open innovation, and platforms
need to integrate innovation and standardization. Another critical factor is the collaborative
development of innovation and standardization. de Vries and Verhagen (2016) and Jiang
et al. (2016) introduced the coupling system into the study of standardization and innova-
tion and analyzed the interaction between the two factors at both the company level and the
industrial level.

1.2. Model construction

On the basis of the literature review on innovation and standardization and the characteristic
trends observed in recent research, this research focused on the keywords emerging indus-
tries and interactive development and selected companies in the field of digital economy as
the research objects. When analyzing the effects of innovation and standardization on CC in
digital economy, this research examined the synergy between innovation and standardiza-
tion. Furthermore, the coupling coordination degree (CCD) was used to measure the match-
ing level between the two. In addition, this article analyzed the moderating effect of CCD in
the driving of development by “innovation + standardization” and explored its influence on
CC enhancement from a collaborative perspective. Figure 2 illustrates the theoretical model
of this research.
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Figure 2. Theoretical model

1.2.1. Innovation and CC

The academia and the industry have arrived at a complete consensus on the significant im-
pact of innovation on economic growth, social development, industrial upgradation, and
enhancement of CC. The development of economic growth theory enabled Solow (1957) and
Romer (1990) to highlight that technological progress, instead of capital accumulation clearly,
is the decisive factor in economic growth. Moreover, Teece (1986) proposed a framework for
innovation and profitability. Porter (1998) found that innovation creates new value and then
proposed the concept of innovation-driven, in turn dividing a country’s economic growth
into four stages: factor-driven, investment-driven, innovation-driven, and wealth-driven.

Innovation is the basis of competitiveness, and the company competitiveness depends on
their innovative ability and their orientation to technology and information (Dogan, 2016).
Innovating with new technologies and capabilities has become the most critical component
of competitiveness (Akis, 2015; Yang et al., 2020). Therefore, innovation has always been
regarded as an important factor for enterprises to obtain company competitiveness (Chursin
et al,, 2016).

In economic development, innovation can achieve value appreciation through produc-
tivity improvement and market value increase (Teece, 1986, 2017; Furman & Hayes, 2004).
The evaluation of innovation capability includes multiple perspectives, including innovation
factors, input-output, and innovation process (Castellacci & Notera, 2013; Hashi & Stoj¢i¢,
2013; Dziallas & Blind, 2019). This study drew on validated research results to measure the
level of innovation from the input-output perspective and proposed the following hypoth-
eses:

HI: R&D input (RDI) significantly and positively influences CC.

H2: Innovation output (10) significantly and positively influences CC.

1.2.2. Standardization and CC

Many scholars have studied the macroeconomic benefits and micro performance of stan-
dardization. At the macro level, numerous studies have supported the role standards play in
promoting economic growth. Miotti (2009) analyzed the data of Germany, Austria, and Swit-
zerland to discover that their average economic growth was 3.3%, of which 0.9% was attribut-
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able to technical standardization. Data from 1948-2002 in the United Kingdom highlighted
that the contribution rate of standards to productivity growth had reached 13%. Moreover,
the contribution rate of technical standards to GDP growth was estimated to be 0.79% from
1997 to 2007 in China (Yu, 2008).

At the microlevel, the benefits of companies adopting standards are mainly due to reduc-
ing production costs and transaction costs, increasing economies of scale, penetrating new
markets, and obtaining monopoly rents (Blind, 2004). Therefore, enterprises can obtain a cost
advantage (Swann, 2010). The consequences of standards-based competition will determine
the success of enterprises to a large extent, particularly in today’s technologically developed
society. Enterprises work toward making their technology the standard in the market because
this type of first-mover advantage will bring the possible profit in its initial stage (Shin et al.,
2015). In addition, companies may encounter certain obstacles because of their involvement
in standardization (Blind & Gauch, 2009).

Standardization has become an important strategic tool for enterprises (Blind & Rauber,
2016). Since technical standards are a kind of explicit knowledge, the knowledge acquired
by enterprises in the process of standardization can improve their competition (Lavie, 2006).
At the same time, enterprises participating in technical standardization can also use a cer-
tain technology to influence the content of the standard to gain a competitive advantage
(Fernandez et al., 2000). Standards can increase the competitiveness of enterprises through
economies of scale (Hussain & Khan, 2013), reducing costs (Swann, 2010), and avoiding
information asymmetry (Baron & Spulber, 2018).

Meanwhile, a company’s standardization level can be performed from different perspec-
tives. Shin et al. (2015) divided research on standardization into the demand-side and supply-
side of standardization. Wen and Zeng (2019) and Zou et al. (2020) analyzed standardization
output (SO) by primarily measuring the number of standards formulated and revised by a
company. Therefore, considering the relevant findings, this research drew on the input-out-
put perspective of innovation research, measured the standardization level of companies
from the two dimensions of standardization input (SI) and SO, and proposed the following
hypotheses:

H3: SI significantly and positively influences CC.

H4: SO significantly and positively influences CC.

1.2.3. Moderating effect of the coupling degree of innovation and standardization

Literature on the relationship between standardization and innovation is abundant world-
wide; however, the research conclusions are yet to reach a consensus. While standards facili-
tate innovation (Goluchowicz & Blind, 2011; Zoo et al., 2017), they also hinder technological
innovation. Thus, a paradoxical relationship has always existed between the two. In particu-
lar, in developing countries, owing to increased participation in international business, the
fields of politics and technology have begun paying renewed attention to their standards and
innovations (Lee & Oh, 2006; Zoo et al., 2017).

In terms of innovative transformation, standards are a critical facilitator of the industri-
alization of innovation achievements. An understanding of whether new technologies can
be transformed into standards is key to successful technological innovation (Katz & Safran-
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ski, 2003). However, the quality of the technology transformed into a standard will, itself,
affect transformation. David (1985) highlighted that transforming optimal technology into
the standard promotes technological progress, whereas transforming suboptimal technology
into the standard hinders progress.

Shin et al. (2015) argued that a standard is an effective tool for diffusing innovation. Not
only can standardization accelerate technology diffusion and application but also shorten
the time between technological innovation and technology diffusion (Tassey, 2000; Blind,
2002). However, Hanseth et al. (1996) reported that implementing standardization reduces
a company’s choices for innovation strategy, thereby limiting their innovation ability. On
the topic of benefits of innovation, Tassey (2000) proposed that standardization increases
the benefits of technological innovation. Standard has been considered a governance tool
(Arnold & Hasse, 2015), whereas standardization has always been viewed as an obstacle to
innovation (Choi et al., 2011).

Previous literature has highlighted the paradoxical relationship between innovation and
standards through generation, diffusion, and transformation of innovation. Therefore, the
relationship between the two warrants examination from a collaborative perspective, with a
deeper understanding of the “black box” of its role in enhancing CC.

Although ambivalent relationships between innovation and standardization are some-
times observed, they represent a virtuous circle, not a vicious circle (Shin et al., 2015). Zoo
et al. (2017) demonstrated that innovation and standardization have become increasingly
critical for the sustainable economic growth of developing countries, particularly in the con-
text of global economic integration and competition. To extend this line of research, scholars
such as de Vries and Verhagen (2016) and Jiang et al. (2016) analyzed the coordination and
matching relationship between the two from the perspective of coupling. From the per-
spective of the collaborative development of innovation and standardization, this research
examined the impact of the coupling coordination on the two. Furthermore, the CCD was
incorporated into the model as a moderating variable, leading to the following hypotheses:

H5: The CCD of innovation and standardization positively moderates the impact of R&D
investment on CC.

He6: The CCD of innovation and standardization positively moderates the impact of IO on CC.

H7: The CCD of innovation and standardization positively moderates the impact of SI on CC.

H8: The CCD of innovation and standardization positively moderates the impact of SO on CC.

2. Research design
2.1. Sample selection and data collection

According to the classification of digital economy from Bukht and Heeks (2017), this re-
search selected 22 concepts related to the digital economy, with Royalflush (Flush) as the
scope of the collection. Furthermore, 209 listed companies in the digital economy field of
Shanghai and Shenzhen stock markets as of December 31, 2018, were selected. Relevant data
were retrieved from the CSMAR series research database, the National Public Service Plat-
form for Standards Information (SAC), the annual reports of the listed companies, and other
financial websites such as Flush. To ensure the validity and accuracy of the data, this study
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manually cleaned and verified the data after collection, and the companies with incomplete
data were eliminated. Thus, 171 valid samples were finally obtained.

Among these 171 sample companies, 93 had 1,000-5,000 employees, accounting for
54.39% of the study sample, and 169 companies had been in operation for over ten years. In
terms of industry classification, the sample companies were classified into 32 diverse indus-
tries, of which 56 companies belonged to the software and information technology service
industry, accounting for 32.75% of the study sample. Moreover, 31 companies were related
to the computer, communications, and other electronic equipment manufacturing industry,
accounting for 18.13% of the study sample. A total of 13 companies belong to the electrical
machinery and equipment manufacturing industry, accounting for 7.60%. There are 9 com-
panies in the chemical raw materials and chemical product manufacturing industry, account-
ing for 5.26%. In addition, other industries include telecommunications, broadcast television
and satellite transmission services, general equipment manufacturing, business services, etc.
The specific distribution of companies is presented in Table 2.

Table 2. Statistical analysis of sample characteristics

Sample Company Category Frequency Percentage
Below 1000 23 13.45
Size 1000~5000 93 54.39
(unit: employees) 5000~10 000 31 18.13
Above 10 000 24 14.04
Below 10 2 1.17
Established time 10~19 110 64.33
(unit: years) 20~29 56 32.75
Above 30 3 1.75
Below 0.15 billion 31 18.13
Revenue 0.15~0.75 billion 93 54.39
(unit: USD) 0.75~1.45 billion 23 13.45
Above 1.45 billion 24 14.04
The software and
information technology 56 32.75
service industry
Computer,
communications
and other electronic 31 18.13
equipment

Industry manufacturing industry

Electrical machinery
and equipment 13 7.60
manufacturing

Chemical raw materials
and chemical products 9 5.26
manufacturing
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End of Table 2

Sample Company Category Frequency Percentage

Text1le and apparel 6 151

industry

Instrumentation

Manufacturing 6 3.51

Automotive

Manufacturing 5 2.92

Intefnet and related 4 )34

services

Special equl_pment 4 234

manufacturing

Others 37 21.64

2.2. Variable measurement

This study analyzed the coordinated development of the three dimensions of innovation,
standardization, and CC. From the perspective of input-output, the innovation and stan-
dardization levels were divided into input (innovation input and SI, respectively) and output
(IO and SO, respectively). The degree of the coordinated development of innovation and
standardization was measured through the degree of coupling coordination. The current
study employed six variables: RDI, IO, SI, SO, CCD, and CC.

2.2.1. RDI

RDI mainly comprises two aspects: financial input and personnel input. RDI is measured by
proportion to reduce the impact of enterprise size and improve the comparability between
enterprises. In particular, the proportion of R&D financial input (investment in R&D ex-
penditure/prime operating revenue) and R&D personnel input (number of R&D employees/
number of overall employees) were considered.

2.2.2.10

IO was mainly manifested in the number of patents held by companies. To maintain data
consistency, this study obtained the data on patents from the CSMAR database.

2.2.3.SI

The measurement methods of SI are similar to RDI, which also includes two aspects: financial
input and personnel input. However, standardization expenses were not listed separately in
the budget and final accounts of a firm. Considering the availability of data, SI was measured
through only personnel inputs. The decision to participate in a standard technical commit-
tee (TC) is strategically critical for an enterprise, and this decision can greatly influence the
market (Riillo, 2013). The expert network comprising TC personnel is a carrier of technical
knowledge and a valuable social resource. The SI is measured by the specific headcount of
companies’ TCs.
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2.2.4.SO

SO is mainly measured by the number of standards primarily formulated and revised by a
company. Because of the fierce international industrial competition in the industry, industry
standards also play a pivotal role in the digital economy. Therefore, the number of standards
comprises two components: the number of national standards and the number of industry
standards.

2.2.5.CC

CC can usually be reflected in the company’s performance, which is mainly determined
through accounting-based performance indicators and stock market-based performance
indicators. In this study, accounting-based operating revenue was employed as an indica-
tor of CC.

2.2.6. CCD

Herein, CCD refers to the degree of coupling coordination between innovation level
(comprising RDI and 10) and standardization level (SI and SO). Firstly, this study con-
ducted the data normalization. The method of medium weight proposed by Li and Cui
(2018) was referred to determine the weight of each indicator. According to the method,
the indicators of each dimension of the evaluation system were considered equally critical
and thus given equal weightage. Subsequently, the CCD was measured by the following
formula:

D=NCxT (T =au, +Pu,), (1
where D represents the CCD, C presents the coupling degree (see formula (2)):
k
co) 2h) | @

]

where z(x) and h(y) are the contributions of the innovation level and the standardization
level, respectively, and k is the adjustment coefficient.

T in formula (1) denotes the comprehensive coordination index reflecting innovation
and standardization. This study considered innovation and standardization to be equally
significant for the development of an industry, and o and  were set as 0.5. Coupling
coordination levels can be categorized into 10 levels between 0 and 1, with an interval
of 0.1 (Li & Cui, 2018). Furthermore, 0.5 is the boundary value between imbalances and
coordination.
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3. Empirical analysis of listed companies
3.1. Descriptive analysis

Significant correlation exists among RD], IO, SI, SO, CC, and CCD, thereby providing the
necessary premise for analyzing the relationship between the variables and testing the mod-
erating effect. Table 3 demonstrates the result of descriptive analysis.

Table 3. Correlation analysis results

RDI 10 SI SO CCD CC
RDI 1
10 0.733%* 1
SI 0.340** 0.388** 1
SO 0.546*** 0.727*** 0.404*** 1
CCD 0.720%%* 0.660*** 0.541%%* 0.6427* 1
CC 0.682%** 0.771+%* 0.453** 0.511%%* 0.633*** 1

Note: * p < 0.1; ** p < 0.05; *** p < 0.01.

3.2. Model analysis

Model analysis in the current paper primarily used the multiple linear regression analysis
(Table 4) achieved by the SPSS (version 24.0). Model 1 demonstrates that both RDI (§ = 0.253,
p <0.01) and IO (B = 0.585, p < 0.01) had a significant positive impact on the improvement
of CC, in turn validating H1 and H2. From the perspective of path coeflicients, IO exerted a
greater impact than RDI did. Meanwhile, Model 2 highlighted that SI ( = 0.295, p < 0.01)
and SO (B = 0.392, p < 0.01) both had a significant positive impact on the improvement of
CC, thereby supporting H3 and H4. In particular, SO had a greater effect than SI did on the
basis of path coefficients.

Model 3 indicates that the main effect of the coupling coordination level of innova-
tion and standardization on CC exists. Based on Model 1, CCD was included in Model
4 and Model 5, and the results are both positively significant. Model 6 - Model 9 were a
test of the moderating effect of CCD. The results of Model 6 highlighted that the interac-
tion coefficient of RDI and CCD was positively significant, in turn indicating that CCD
positively moderated the impact of RDI on the CC. Therefore, H5 was supported. The
results of Model 7 demonstrate that the interaction coefficient of IO and CCD was nega-
tive significantly, indicating that with the increase in coordination degree, the impact
of IO and CC weakens. Therefore, H6 was not supported. In Model 8, the interaction
terms of SI and CCD were introduced into the equation. CCD was found to regulate the
impact of SI on CC positively; therefore, H7 was assumed to be supported. The results
of Model 9 shows that after adding the interaction term of SO and CCD, the SO was
found to be not significant; however, the positive moderating effect was significant. H8
was thus supported.
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3.3. Moderating effect analysis

This study employed the process plug-in in SPSS to verify the moderating effect of CCD.
Model 1 was selected in the process program to test the moderating effect. The number of
inspection samples was 5000. The moderating effects of CCD on RD], IO, SI, and SO are
illustrated in Figures 3, 4, 5, and 6, respectively.

In summary, CCD played a positive role in regulating the relationship between RDI and
CC. At the same time, obvious differences existed between companies with high CCD and
low CCD (Figure 3). For companies with high CCD, the RDI exerted a significant effect on
CC (bgjmple = 0.4235; SE = 0.0950; p < 0.01); for companies with low CCD, the effect of IO
on CC was nonsignificant (bgjypje = 0.1912; SE = 0.1189; p = 0.1098). At the same level of
RDI, the CC of companies with high CCD was found to be far greater than that of companies
with low CCD. In particular, with the increase in RDI, the gap between companies with high
and low CCD was more obvious.
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Figure 3. Moderating effect of the coupling degree on the relationship between RDI and CC

CCD played a positive role in moderating the relationship between IO and CC (Figure 4).
For companies with high CCD, IO exerted a significant impact on CC (bgpple = 1.6544;
SE = 0.1522; p < 0.01); for companies with low CCD, IO still had a significant impact on CC

(bsimple = 2.0546; SE = 0.2046; p < 0.01).
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Figure 4. Moderating effect of the coupling degree on the relationship between IO and CC
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Opverall, CCD was found to play a positive role in moderating SI and CC. In particular,
obvious differences can be found between companies with high and low CCD (Figure 5).
For companies with a high CCD, SI exerted a significant impact on CC (bgjppje = 0.3305;
SE = 0.0720; p < 0.01); for companies with a low CCD, the role of SI on CC was found to
be insignificant (bgy,je = —0.0339; SE = 0.0733; p = 0.6440). Meanwhile, at the same level of
standardization, the CC of companies with high CCD was observed to be far greater than
that of companies with low CCD. In particular, the gap became more gaping with increase in
SI For companies with low CCD, the trend of CC declining with increasing SI was observed,
which indicated that failure to closely integrate SI with technological innovation might lead
to wastage of resources and result in an invalid investment.
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Figure 5. Moderating effect of the coupling degree on the relationship between SI and CC

CCD had no significant moderating effect between SO and CC. Irrespective of whether
a company has high CCD (bgjyple = 0.0076; SE = 0.1078; p = 0.9442) or low CCD (bgyle =
-0.1013; SE = 0.1375; p = 0.4623), the impact of SO on CC was insignificant (Figure 6).
Moreover, regardless of the level of SO, the CC of companies with high CCD was much
higher than that of companies with low CCD. Hence, standards that are not integrated with
innovation cannot improve CC and increasing the number of standards alone produces in-
valid results. Firms’ pursuit of the number of standards has to shift to improving the quality
of standards combined with innovation.
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Figure 6. Moderating effect of the coupling degree on the relationship between SO and CC
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Conclusions

The paradigm of technological innovation is undergoing tremendous changes in the context
of the digital economy. This study takes listed companies in digital economy as the research
object and explores how standardization and innovation can improve CC. Through coupling
coordination analysis, correlation analysis, and regression analysis of the data obtained on
innovation, standardization, and CC of China’s 171 listed companies, the current article pres-
ents the following conclusions and implications:

First, the study results verify that innovation and standardization are the two key factors
that drive these listed companies’ development in the digital economy domain. In particu-
lar, RDI (B = 0.253, p < 0.01), IO (B = 0.585, p < 0.01), SI (B = 0.295, p < 0.01), and SO
(B =0.392, p < 0.01) exert a significant positive impact on the improvement of CC. Mean-
while, the CCD (B = 0.633, p < 0.01) of innovation and standardization has a greater effect
on competitiveness, indicating that it is an effective means for companies to pay more at-
tention to the coordinated development of innovation and standardization in the context of
the digital economy.

Second, the demand for innovation capabilities is lacking in the standardization of the
development level of companies in the field of the digital economy in China. In particular, the
organizational factor is inevitable in developing countries. However, the current study’s re-
sult demonstrates that among the 171 listed companies, only Zhongxing Telecommunication
Equipment Corporation (ZTE) and Boe Technology Group Co., Ltd. (BOE) have achieved
the coordination level of innovation and standardization (D > 0.5). This indicates that the
current standardization level is far from keeping up with the pace of innovation develop-
ment. To improve the position of Chinese companies in global value chains, the level of
standardization must be improved quickly to address the issues concerning low innovation
value in developing countries and non-core companies. At the same time, the development
of standards must be driven by quality. The study’s analysis results revealed that increasing
the number of standards exerted a limited effect on the improvement of CC. For companies
with low CCD, a negative impact may be observed. Moreover, the conversion efficiency of
standards is negative, which is influenced by the current development status of standardiza-
tion in developing countries. In the past five years, 60.78% of the newly established TCs
established by the International Organization for Standardization (ISO) and International
Electrotechnical Commission (IEC) have been undertaken by developed countries, particu-
larly in the fierce competition for standards in emerging fields. Therefore, in the field of the
digital economy, an increase in standards that are not integrated with technological innova-
tion may result in invalid investments by companies and even low-quality standards that will
restrict industrial progress.

Third, improving CC in digital economy requires a two-wheel drive from “innovation +
standardization”, and standardization must develop in coordination with innovation. Regard-
less of whether the SI or SO is being considered, the competitiveness of a high-CCD com-
pany is much higher than that of low-CCD company. Moreover, low-CCD companies may
run the risk of invalid input and output of standardization. The impact of standardization
on company competitiveness is inseparable from the development of innovation; in other
words, standards promote the development of innovation to facilitate the development of CC.
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This study considers listed companies in China’s digital economy as the research object,
thereby enriching the empirical research on innovation and standardization in the digital
economies of developing countries. In addition, the study explores the coordinated develop-
ment of innovation and standardization from the theoretical perspective.

However, there are also some limitations in this research. Firstly, this study selected
the samples from the digital economic industries, restricting the results applied to the
other sectors. Secondly, the data from listed companies are collected only, leading to
selection bias. Finally, the degree of coupling coordination is explored based on the
macro level - standardization and innovation, which can be further refined to the micro-
level, namely standard input and output, research input, and innovation output. Future
research is recommended to draw from the core, narrow scope, and broad scope to
conduct further comparative analysis to strengthen the pertinence and application of
the practical guidance.
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