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Chinese innovation is again flowing westwards, which is fomented by China’s Belt and 
Road Initiative. In this context, we study the international impact of innovations from spe-
cific countries. Based on panel data of patents from 27 countries over 17 years, we find 
that levels of open innovation, technological complexity, and dominant design influence the 
international impact of innovations from a country. Contrary to earlier research, however, 
this influence is negative when open innovation activities are involved. This is particularly 
relevant in the context of Chinese innovation, in which the same innovation networks that 
promote efficient production may hinder the development of innovations. Due to the innate 
uncertainty and newness of innovation, partners beyond the common local and long-term 
networks must be included. Hence, to effectively create a New Silk Road of Innovation, 
innovation ecosystems may need to expand across national borders. This opens up fruitful 
avenues for future research, and individuals with multiple cultural identities can bridge the 
gaps between contexts.

1. � Introduction

For many years, Asian companies have focused 
on adapting Western technologies and devel-

oping them further through local R&D activities 
using Western innovation processes (Brem and 
Wolfram, 2017). In this setup, Asian companies 
defined themselves as prolonged workbench for 

Western companies. This very successful strategy 
allowed Chinese companies to become global play-
ers based on the Chinese version of state capitalism 
(Schweinberger, 2014). This strategy meant many 
dominant designs were taken for granted, such as en-
gine technologies or telecommunication standards. 
However, a new trend has recently emerged: compa-
nies from Eastern markets are developing products 
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for Western markets. This development is related to 
frugal innovation, which focuses on products that 
are affordable and meet the needs of resource-con-
strained consumers (Agarwal et al., 2016). Due 
to cost pressure and scarcity tendencies in many 
Western markets, these products are gaining momen-
tum which could be enhanced by the so-called ‘New 
Silk Road’. This project, also called China’s Belt and 
Road Initiative, aims to stimulate trade, especially 
to Northwest China and Central Asia, while also 
considering sustainability (Li et al., 2015). The idea 
is based on the established ‘Silk Road’, which has 
connected Asia and Europe for centuries (Liu, 2010; 
Hansen, 2012). The New Silk Road project focuses 
on bringing more products from the West to the East, 
and vice versa, based on the initial success in earlier 
centuries. Hence, it is one of the biggest economic 
projects of our time, creating many opportunities but 
also challenges in terms of innovation dynamics and 
the appropriation of R&D (Di Minin and Bianchi, 
2011; Corsi et al., 2014).

Within this context, our research focuses on 
innovation mechanisms related to the increased 
international connectivity of innovation – i.e., open 
innovation, technological complexity, and dominant 
design – and their relationship with the international 
impact of Chinese innovation. In a broader sense, we 
investigate how the international impact of innova-
tion can be measured. With this approach, we yield to 
foster our understanding of success factors for inter-
national innovation activity.

This article is structured as follows: First, a brief 
overview of related literature on the international 
impact of Chinese innovation and on the role of 
openness, technological complexity, and dominant 
designs is provided. Based on this background, 
hypotheses are derived and presented. Subsequently, 
the methodological approach is introduced, which 
is followed by a presentation and discussion of the 
results of this study. Finally, implications for theory 
and practice are described, as well as key limitations 
and potential avenues for future research on this 
emerging phenomenon.

2. � Theoretical background

2.1. � The international impact of Chinese 
innovation

Chinese companies are evolving from copying 
Western technology to developing innovations of 
their own (Xu et al., 2018). Chinese knowledge 
is, therefore, increasingly flowing westwards, and 
knowledge flows are becoming more and more 

reciprocal (Collinson and Liu, 2019). It is crucial to 
study the growing international impact of Chinese 
innovation since the use of technologies by external 
parties is an indicator of those technologies’ quality 
and usefulness. Whereas international innovation 
impact can be achieved through, for example, export 
of business model innovations and practices, or of 
innovation culture or innovation talents, we here 
focus on the impact of technological innovations on 
subsequent technologies.

As countries develop innovation capabilities, they 
tend to produce more valuable technologies (Petralia 
et al., 2017). To understand China’s technological 
progress, we must move beyond considering the level 
of specific innovations or firms and instead consider 
entire innovation ecosystems (Adner and Kapoor, 
2016). Innovations evolve from prior technologies 
(Basalla, 1988) in a process that involves recombin-
ing existing knowledge to generate new ideas (Kogut 
and Zander, 1992).

China has a unique innovation ecosystem, which 
exists in a transition economy in which private 
property and risk-taking are gradually being intro-
duced. Historically, China has been the home of 
many of humanity’s most fundamental innovations, 
but private enterprises have only been officially 
registered in mainland China since 1989 (Jian et al., 
2020). During the previous period without possible 
remuneration for investing in uncertain outcomes, 
individuals lacked incentives for innovation. The 
Chinese government now recognizes innovation 
as the main driving force of development (Chinese 
Minister of Science and Technology, 2016), and 
innovation is moving to the forefront of Chinese 
business. However, China’s innovation ecosystem 
still differs greatly from those of emerging econ-
omies around the world since business in general, 
and innovation in particular, relies on government 
support (Zhang and Merchant, 2020). Whereas 
a more market-oriented approach was fomented 
in the early years of transition, government inter-
vention has been a key characteristic of China’s 
innovation policy since 2003 (Chen and Naughton, 
2016). This means that instead of relying on indi-
vidual entrepreneurs, innovation is largely govern-
ment-funded, and thus, the government and not the 
market determines the type of innovation pursued 
(Jian et al., 2020). A prominent example is the solar 
industry, which has demonstrated the importance 
of contextual factors such as changing institutions 
and technology transfer (Huang et al., 2016). In the 
face of cultural obstacles, Chinese companies have 
acquired European entities to gain access to their 
innovation capabilities (Yakob et al., 2018). While 
Chinese telecom giant Huawei is now receiving 



© 2021 The Authors. R&D Management published by RADMA and John Wiley & Sons Ltd.

Maneuvering the bumps in the New Silk Road

R&D Management  51,  3,  2021  295

royalties from Western companies such as Apple, 
and Chinese technology is advancing in the aero-
space, aviation, nuclear energy, and high-speed rail 
industries, Chinese gains from intellectual prop-
erty exports are still a mere one percent of those 
of the United States (Li et al., 2020). Connections 
by high-speed rail, in turn, contribute to innovation 
in the connected regions, further evidence of the 
complexity of China’s innovation ecosystem (Gao 
and Zheng, 2020).

Since connectivity is imperative to Chinese 
innovation, President Xi Jinping launched the Belt 
and Road Initiative in 2013 to promote connec-
tivity and partnerships among Asia, Europe, and 
Africa – effectively creating a New Silk Road of 
Innovation (National Development and Reform 
Commission, Ministry of Foreign Affairs and 
Ministry of Commerce of the People’s Republic 
of China, 2015). The export of innovations from 
China to Europe will play a central role in the 
New Silk Road and, hence, this initiative will also 
lead to new R&D networks. These networks might 
emerge in an East-East context or in an East-West 
one, meaning science-technology–based innova-
tion will also grow locally (Di Minin et al., 2012; 
Chen et al., 2012).

2.2. � Openness and the international impact 
of innovation

As the world becomes increasingly interconnected, 
innovation is also growing (Castells, 2000). The 
innovation process increasingly takes place in 
‘purposively managed knowledge flows across 
organizational boundaries’, that is, open innovation 
(Chesbrough and Bogers, 2014, p. 17). Whereas the 
term ‘open source’ refers to innovation outcomes 
that are open for access or use by others (West and 
O’Mahony, 2008), ‘open innovation’ refers to the 
innovation process and collaboration within this 
process, such as through alliances or licensing 
agreements. By opening up the innovation process, 
firms are able to access innovation capabilities 
without going through the costly process of build-
ing them (Chesbrough, 2006). This should reduce 
dependence on the local environment for innova-
tion inputs.

The use of external knowledge not only improves 
firms’ innovation performance (Ahuja, 2000; 
Bouncken et al., 2016), but can also impact society as a 
whole (Ahn et al., 2019). When firms can increase the 
value of innovation through openness (Chesbrough 
and Appleyard, 2007), the surrounding innovation 
ecosystem also benefits (Ferras-Hernandez and 

Nylund, 2019). As Chen et al. (2011) show, openness 
to external sources of innovation has become a key 
success factor for Chinese companies. Still, firms in 
this transition economy need to overcome open inno-
vation capability gaps (Li et al., 2016). International 
open innovation requires overcoming cognitive 
impediments, such as favoring innovations that are 
in line with Chinese culture (Mei et al., 2019), and 
overcoming operating barriers, such as the use of 
unapproved suppliers (Lewin et al., 2017).

With increasing R&D intensity, Chinese man-
ufacturing small- and medium-sized enterprises 
(SMEs) are beginning to implement strategies for 
protecting intellectual property (Mei et al., 2019). 
Varsakelis (2001) argues that a nation’s culture, its 
patent protection, and its economy’s openness are 
key measures of R&D intensity and subsequent 
innovations. While all Chinese innovations were 
government owned, protecting property rights was 
not an issue, but now adopting external practices 
appears to aid the international impact of Chinese 
innovation, and shift the open innovation environ-
ment away from only taking Western economies’ 
view. The new Eastern economies provide environ-
ments where open innovation happens in different 
forms, including inbound and outbound setups 
with local academic institutions and companies (Fu 
and Xiong, 2011; Wang et al., 2012; Gawer and 
Cusumano, 2014; West et al., 2014; Cassiman and 
Valentini, 2016). Open innovation in the form of 
close collaboration between different firms is thus 
particularly important for achieving lasting results, 
and we define the degree of open innovation as 
the extent to which firms collaborate in specific 
innovations. Then, the degree to which a coun-
try’s firms are engaged in open innovation should 
be positively related to that country’s international 
impact, which is formalized below:

H 1  The degree of open innovation is positively 
related to the international impact of the innovation 
of a country.

2.3. � Technological complexity and the 
impact of innovation

Technological complexity drives the economic 
growth of nations and is the result of interactions 
between activities (Hidalgo and Hausmann, 2009). 
Connectivity augments complexity since the latter 
increases when either the number of technological 
components or the amount of interactions between 
them rises (Fleming and Sorenson, 2001). Complex 
technologies tend to be more valuable than simple 
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ones because developing complex technologies 
requires a more sophisticated set of innovation 
capabilities (Balland et al., 2019), and countries 
begin to develop more complex and valuable inno-
vations as their innovation capabilities develop 
(Petralia et al., 2017). Complexity should, there-
fore, increase the international impact of a coun-
try’s innovation since technology has an important 
role in economic growth. Hence, it is also important 
to understand the relevant science and technology 
policies to ensure longer term economic growth 
(Feldman et al., 2012).

H 2a  The degree of technological complexity is 
positively related to the international impact of in-
novation of a country.

Complex innovations are more difficult to transfer 
than their simpler counterparts (Kogut and Zander, 
1993), and technology transfer is generally risky 
(Bozeman, 2000). Managing organizational knowl-
edge processes and their transfer can be seen as a 
key factor for new business development in general, 
especially in an emerging market context (De Boer 
et al., 1999). Since open innovation requires knowl-
edge transfer between organizations (Simard and 
West, 2006), complex innovations should be less 
likely to be completely and successfully transferred. 
Thus, openness may reduce the positive effects of 
technological complexity on the international impact 
of innovation. Openness is not always positive for a 
company, as some companies profit more than oth-
ers due to their resource configuration and organiza-
tional capabilities (Schuster and Brem, 2015). Prior 
research (e.g., Salge et al., 2013) argues that open-
ness is curvilinearly related to new product success. 
Thus, complex technologies are expected to have 
less international innovation impact in the presence 
of open innovation.

H 2b  Open innovation moderates the relationship 
between technological complexity and international 
innovation impact, so that more complex technolo-
gies have less impact when there is a high degree of 
open innovation.

2.4. � Dominant design and the impact of 
innovation

Innovation is also highly dependent on the estab-
lishment of standards. The term ‘dominant design’ 
has been used to describe the emergence of a tech-
nological standard in an industry, and research 
has demonstrated that a dominant design is not 

necessarily the objectively ‘best’ technology. Such 
a design is set once it is accepted by the market. One 
of the most famous cases – among many examples 
– is Blu-ray, which won its dominant design battle 
with HD-DVD, which was a similar but incompat-
ible format. Even though HD-DVD was first to the 
market, similar to the known term ‘DVD’, and per-
ceived as the more advanced technology (Waller et 
al., 2008), Blu-ray had more supporters driving its 
acceptance in the market as the standard (Den Uijl 
and de Vries, 2013).

Hence, dominant design is an innovation that 
represents ‘over 50 percent of the new implemen-
tations of the breakthrough technology’ (Anderson 
and Tushman, 1990, p. 614). Dominant designs 
can also be a precondition for achieving a dom-
inant market position (Utterback and Suárez, 
1993; Suárez and Utterback, 1995), but they are 
often not the best available solution (Christensen, 
2000), as Blu-ray demonstrates. When a dominant 
design is established, innovations at the technology 
level focus on other subsystems (Abernathy and 
Utterback, 1978). The rate of innovation decreases 
at this stage (Brem et al., 2016). Since the domi-
nant design is adopted by the majority of the sub-
sequent innovations on that technology (Murmann 
and Frenken, 2006), the impact of a country’s inno-
vation should increase if it produces a greater quan-
tity of dominant designs.

H 3a  The amount of dominant designs is posi-
tively related to the international impact of the inno-
vation of a country.

Establishing a dominant design across several 
countries requires the interconnectivity of innova-
tion systems across national borders (Breschi and 
Malerba, 1997), which is the apparent aim of the 
Belt and Road Initiative. Since the financial crisis 
of 2008, the role of globalization has become even 
more important in the context of dominant design 
emergence (Brem et al., 2020). Dominant designs 
can be generated through means such as market 
battles and standardization committees (Keil et al., 
2000; Gallagher, 2007). Large firms with an exist-
ing, sustained international impact on innovation 
can sometimes achieve market dominance single-
handedly, whereas most companies rely on other 
firms accepting and building on their innovation. 
Examples of such large firms in the business-to-con-
sumer context include Apple with its iPhone and 
related ecosystem and Microsoft with its Office 
suite and related network; in business-to-busi-
ness settings, many examples of sustained inter-
national dominant designs exist in industries such 
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as building materials and production technologies. 
However, organizations are more likely to adopt 
an innovation if they have been involved in the 
development of innovations in an open innovation 
process (Ndou et al., 2011; Inauen and Schenker-
Wicki, 2012), and SMEs in particular profit from 
a flexible and open structure that builds on their 
competitive advantage (Lee et al., 2010). Open 
innovation should, thus, decrease the international 
innovation impact of countries with low levels of 
dominant design but should increase the impact of 
countries with many dominant designs.

H 3b  Open innovation moderates the relationship 
between dominant design and international innova-
tion impact, so that the relationship is stronger when 
there is a high degree of open innovation.

Our hypotheses can be summarized in a concep-
tual framework (see Figure  1). We developed this 
country-level conceptual model by examining salient 
contextual antecedents to the international impact of 
Chinese innovation that are related to increased con-
nectivity, that is, open innovation processes, techno-
logical complexity, and the generation of dominant 
designs. We then test the model for countries in gen-
eral and for China in particular.

3. � Data and methods

We test the hypotheses with a patent citation analy-
sis. Patent citations allow for tracing the impact of 
certain innovations on others, since a patent citation 
implies that the cited innovation has been used in the 
citing patent (Rosenkopf and Nerkar, 2001; Jaffe and 
de Rassenfosse, 2017). Patents are also useful for 
studying the relationship between connectivity and 
innovation, as patent data are particularly rich and 
includes information, that is, regarding the breadth 
and scope of technology as well as information about 
the authors including their location. Thus, patents 
have been used to study open innovation (Hitchen et 
al., 2017; Suh and Jeon, 2019), technological com-
plexity (Fleming and Sorenson, 2001; Ivanova et 

al., 2017), and dominant design (Brem et al., 2016; 
Huenteler et al., 2016).

The data set has been extracted from the OECD 
Citations Database and the OECD REGPAT 
Database, July 2019 edition, which are based on 
data from the European Patent Office’s Worldwide 
Statistical Patent Database (PATSTAT, Autumn 2019 
edition). It only contains data from patent citations 
to patents applied for between 2000 and 2016 via the 
Patent Co-operation Treaty. The data set includes data 
for some countries from earlier years, but Chinese 
patents are only available from 2000 on, and thus, we 
used this year as our lower bound.

Since we study cross-country innovation, we only 
want to take into account direct knowledge flows 
from one country to another, and therefore, exclude 
citations of patents from the same country. In order 
to maintain the focus on those cross-country knowl-
edge flows and not study external knowledge that has 
previously been integrated into a country’s knowl-
edge base, we only include citations introduced by 
the applicant, and omit citations introduced later, 
for example, by the patent examiner. Our sample 
includes the 27 countries that have observations in 
the OECD Citations Database for all 17 years of the 
study, that is, those countries that have had a patent 
cited during each of the 17 years, as listed in Table 1. 
We thereby include all countries for which patented 
innovations have consistently had an impact on the 
innovation of other countries during the period of 
the study. The sample thus consists of observations 
for 459 country years. The United States and Canada 
were included for completeness in spite of being 
located outside the New Silk Road, as their innova-
tion has a considerable impact and is often used as a 
benchmark (Li et al., 2020).

3.1. � Dependent variable

The dependent variable impact is defined as the 
importance of the innovation of a country for future 
inventions. It is measured as the number of forward 

Figure 1.  Conceptual model.

Table 1.  Countries in the sample

Austria Ireland Spain
Australia Israel Sweden

Belgium Italy Switzerland

Canada Japan United Kingdom

China Luxembourg United States

Denmark Netherlands Virgin Islands

Finland Norway

France Republic of Korea

Germany Russia

India Singapore
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citations to the patents applied for by organizations 
from a country in a given year. A forward citation 
implies the use of the cited invention in another 
invention, and the variable impact thus measures 
the number of times a country’s innovations have 
been used in other inventions in the sample period. 
For example, Chinese inventions patented in 2010 
where cited 441 times by other inventions, and the 
impact for China in 2010 is therefore 441. The 
technological impact of innovations has frequently 
been measured by citation counts at the level of 
individual patents (Rosenkopf and Nerkar, 2001; 
Jaffe and de Rassenfosse, 2017). This measure has 
been compared to expert evaluations of technolog-
ical impact and importance with no significant dif-
ferences found between the two measures (Albert 
et al., 1991).

3.2. � Independent variables

Open is the average degree of open innovation 
for a country’s patents in a year. Open innovation 
denotes purposive interorganizational collabora-
tion (Chesbrough, 2003), and such collaboration 
has been quantified with patent data since patent 
records indicate which organizations collaborated 
on each patent application (Hitchen et al., 2017; 
Suh and Jeon, 2019). Hence, we use the average 
number of applicants, for example, firms, uni-
versities, or public laboratories (Guellec and van 
Pottelsberghe de la Potterie, 2001) for each country 
year. Such a measure avoids issues associated with 
binary measures of open innovation (Barge-Gil, 
2010).

Complexity is measured as the average number of 
eight-digit International Patent Classification (IPC) 
classes assigned to the patent of a country during 
each year. Complexity is generated by the interaction 
between activities (Hidalgo and Hausmann, 2009) or 
technological components (Fleming and Sorenson, 
2001). Technological complexity can then be mea-
sured as the number of patent classes employed by 
the innovators in a country (Ivanova et al., 2017). 
Patents are, therefore, useful to measure complexity 
(Fleming and Sorenson, 2001).

Dominant design is measured as the average 
number of dominant designs created in a country in 
one year. A dominant design is an innovation used 
by the majority of subsequent innovations in one 
technology (Murmann and Frenken, 2006). Since 
patent citations imply the use of an innovation 
by another, these citations have been previously 
employed to measure dominant designs (Brem et 
al., 2016; Huenteler et al., 2016). We measure dom-
inant designs for technologies using the eight-digit 

IPC class. Thus, at the patent level, dominant is 
a binary variable that takes the value of 1 if the 
patent has received more than 50% of citations in 
one eight-digit IPC class during any year; to con-
duct analysis on the country-year level, we take the 
average of this variable for patents applied for in 
each year. For example, if dominant has a value 
of .01 in a certain country year, one percent of the 
innovations patented by that country in that year 
have become dominant designs.

3.3. � Control variables

We control for the potential differences among the 
types of technologies on the first level of the IPC 
scheme. We create control variables for the three 
largest categories, namely human necessities (e.g., 
agriculture, food, and medicine), chemistry and met-
allurgy, and physics. A patent can pertain to several 
different categories in the scheme, and including 
all categories, therefore, induces collinearity of the 
control variables representing certain categories. We 
hence do not create separate variables for the remain-
ing five smaller categories; performing operations 
and transporting; textiles and paper; fixed construc-
tions; mechanical engineering, lighting, heating, 
weapons and blasting; and electricity. The control 
variables indicate the share of patents belonging to 
each category for each country year.

We control for time-variant effects through the 
estimation method employed. Year is the priority 
year, that is, the year of the first patent application. 
We also control for the specific characteristics of 
each country by including county effects in the esti-
mation method. We thus implicitly consider the het-
erogeneity of countries in terms of factors such as 
patenting systems and innovation culture.

3.4. � Estimation method

Our dependent variable impact is derived from count 
data, and Poisson regressions are, therefore, likely 
to be appropriate. We carry out a series of Poisson 
panel regressions. The basic Poisson model can be 
expressed as follows:

where λit is the mean and the variance of the depen-
dent variable and yit is the observed variable. In 
Model 1, we included country-specific random 
effects as follows:

Pr
(

Yit = yit

)

=
exp( − �t )�

�it

it

yit !

�it = � �Xit + � + uit + �it
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where uit is a random effect for the ith country and 
εit is the within-class error. In Model 2, we included 
fixed effects for each country:

where uit is a fixed effect for the ith country. In Model 
3, we included the interaction effects among the 
independent variables in the random-effects model, 
and in Model 4, we include the interaction effects 
in the fixed-effects model. In Model 5, we fit the 
model to the data for a single country, China. Since 
this requires a pooled regression, we include the time 
variable year among the control variables:

where Xt is a vector of the independent and control 
variables and εit denotes the error term. In Model 6, 
we include the interaction effects in this specification.

4. � Results

Figure  2 depicts Chinese-patent citations from the 
three countries that cited Chinese innovations most, 
with a marked increase in citations in recent years. 
The countries that used Chinese innovations the most 
are not geographically or culturally close to China. 
Rather, a pronounced recent increase is present in 
European countries such as Germany and the United 
Kingdom. The international impact of Chinese inno-
vation is, thus, not only rising in quantity, but also in 
geographical reach.

Table  2 lists the Chinese innovations with the 
greatest impact, as well as their degree of openness, 
complexity, and dominant design. Notably, all of 
these innovations constitute dominant designs. Most 

are chemical compounds, mainly pesticides, and 
Sinochem appears to play a major role.

Table 3 reports the descriptive statistics and cor-
relations for the entire data set. We assess the absence 
of multicollinearity by calculating the variance infla-
tion factors, which are all under 1.30, with a mean 
of 1.20 and a tolerance above 0.76 for all variables 
(Kutner et al., 2004).

Table 4 contains the results of the Poisson regres-
sions for the entire data set. Model 1 is a panel 
regression with the independent and control variables 
and random country effects for all 27 countries in the 
sample, whereas Model 2 is a fixed-effects regression 
with the same variables. Although the coefficients 
and diagnostics for both models are quite similar, 
a Hausman (1978) test rules out the random-effects 
specification. Model 2 rejects H1 regarding the posi-
tive relationship between open and impact, but lends 
support to H2a and H3a regarding the positive rela-
tions of complexity and dominant with impact.

Model 3 adds the interactions of open with com-
plexity and dominant to the random-effects regres-
sion, and Model 4 is the corresponding fixed-effects 
regression. Again, a Hausman test yields preference 
for the fixed-effects specification. Both interac-
tions have significant effects and were graphed in 
Figure  3a,b (Aiken and West, 1991). In Figure  3a, 
we see that open moderates the relationship between 
complexity and impact, with more complex technolo-
gies having less impact when there is a high degree of 
open innovation; this supports H2a. Figure 3b shows 
that open moderates the relationship between domi-
nant and impact, so that the relationship is stronger 
when there is a high degree of open innovation. This 
lends support to H2b. Open innovation does decrease 
the international innovation impact for low levels of 
dominant design but increases the impact of coun-
tries with many dominant designs.

�it = � �Xit + �i + uit

�it = � �Xt + � + �it

Figure 2.  Citations of Chinese patents from other countries. [Colour figure can be viewed at wileyonlinelibrary.com]
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Table 5 reports the model’s fit to the observations 
in order to understand to which extent the impact 
of Chinese innovation follows the general model. 
Model 5 is, hence, a Poisson regression that includes 
the independent and control variables for China only. 
It does not support H1 regarding the positive rela-
tionship between open and impact, and it depicts a 
negative relationship between complexity and impact, 
thus, rejecting H2a. H3a is supported by a significant 
positive relation of dominant with impact. Model 6 
includes the interactions of open with the other inde-
pendent variables. They are significant and, there-
fore, plotted in Figure 4a,b. In Figure 4a, the negative 
slope of complexity is steeper for higher degrees of 
open innovation, so H2b is only supported for high 
degrees of complexity in China. In Figure  4b, the 
positive slope of dominant is slighter for more open 
innovation, which rejects H3b for China.

5. � Discussion and conclusion

Barring H1, all hypotheses were supported for the 
full sample (see Table  6). Regarding China specif-
ically, a different picture emerges: H1 is not sup-
ported, but also H2a and H3b are rejected and H2b 
is only partially supported by the data. This section 
discusses the implications of the results.

We find that the levels of open innovation, tech-
nological complexity, and dominant design influence 
the international impact of innovations from a coun-
try. Contrary to theory, however, this impact decreases 
when open innovation activities are involved. One 
explanation could be that too much openness might 
be harmful for innovation in general, particularly in 
a competitive international environment. This find-
ing contributes to the scarce body of literature on the 
negative effects of open innovation: For example, Su 

Table 3.  Descriptive statistics and correlations

Variable Mean SD 1 2 3 4 5 6 7

1. Impact 653.49 1,472.38
2. Open 1.08 0.15 −0.09*

3. Complexity 2.60 0.84 0.08* −0.03

4. Dominant 0.44 0.14 −0.05 0.15** 0.01

5. Year 2008 4.90 −0.23** 0.01 −0.14** −0.14**

6. Necessities 0.38 0.17 0.05 −0.21** 0.22** −0.35** 0.04

7. Chemistry 0.36 0.15 0.12** −0.05 0.31** −0.14** 0.09** 0.11**

8. Physics 0.13 0.09 −0.02 0.17** 0.09* 0.11** −0.03 −0.19** −0.27**

n = 459.
**Significant at the 5% level.
*Significant at the 10% level.

Table 4.  Poisson regression results

Variable Model 1 Model 2 Model 3 Model 4

RE FE RE FE

Open −7.59** −7.59** −9.11** −9.10**
Complexity 0.04** 0.04** 4.03** 4.02**

Dominant 1.77** 1.77** −23.06** −23.07**

Open × complexity −3.85** −3.85**

Open × dominant 24.30** 24.31**

Necessities 0.11** 0.11** 0.37** 0.38**

Chemistry −1.15** −1.15** −0.91** −0.91**

Physics −1.76** −1.76** −2.12** −2.12**

Year

Constant 14.32** 15.66**

Diagnostics
Log likelihood −55,545 −55,266 −51,747 −51,468**

Wald χ2 (df) 25,443** 25,449** 29,217** 29,224**

n = 459.
**Significant at the 5% level.
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et al. (2009) find that partnerships with suppliers, 
customers, and competitors do not contribute to inno-
vativeness. This is in line with Stefan and Bengtsson 
(2017), who associate negative open innovation out-
comes with supplier and customer collaborations; 
thus, when firms innovate through collaboration 
within the networks in which they are deeply embed-
ded, the results tend to not travel well.

This is particularly relevant in the context of 
Chinese innovation, in which the same innovation 
networks that promote efficient production may hin-
der the impact of innovation. An explanation might 
be that innovation requires different types of promot-
ers (Hauschildt and Kirchmann, 2001). Such promot-
ers are ideally found in communities supporting the 
creation, sharing, and dissemination of innovations 
(Fichter, 2009). Due to the innate uncertainty and 
newness of innovation, partners beyond the common 
local and long-term networks must be included. To 
effectively create a New Silk Road of Innovation, 
innovation ecosystems may need to expand across 

national borders. This opens up fruitful avenues for 
innovation research, and individuals with multiple 
cultural identities can bridge the gaps between con-
texts (Lee et al., 2018).

Lee et al. (2009) and Kim and Park (2010) further 
identify SMEs as negatively affected by open innova-
tion. Brem et al. (2017) demonstrate that these nega-
tive effects relate partly to the choice of strategy for 
intellectual property (IP) protection. These results are 
also interesting in the context of Chen et al. (2011), 
who found that openness is a success factor for com-
panies from China. While this might sound contra-
dictory, it could be explained by the Chinese cultural 
norms regarding cognitive impediments (Mei et al., 
2019) or by operating barriers, such as in terms of 
bureaucracy. Future research could study the rela-
tionship between connectivity and innovation impact 
under different regimes of IP protection, specifically 
in the context of improvements in Chinese IP rights 
that may be required in light of the increased connec-
tivity created by the Belt and Road Initiative.

Figure 3.  (a) Interaction of complexity and open for the full sample. (b) Interaction of dominant and open for the full sample. [Colour 
figure can be viewed at wileyonlinelibrary.com]

−
40

−
30

−
20

−
10

im
pa

ct

1 7
complexity

open=1
open=2.4

−
40

−
30

−
20

−
10

0

im
pa

ct

0 1
dominant

open=1
open=2.4

(a)

(b)

www.wileyonlinelibrary.com


© 2021 The Authors. R&D Management published by RADMA and John Wiley & Sons Ltd.

Maneuvering the bumps in the New Silk Road

R&D Management  51,  3,  2021  303

Complementary explanations for the difficulty of translating open innovation into innovation impact 
provide fruitful avenues for further study. In a 
dynamic approach to open innovation, firms create 
the dynamic capabilities necessary to virtuously use 
their innovation ecosystems (Enkel et al., 2020). 
The ability to recognize opportunity and the ability 
to capitalize on it have been highlighted as driving 
innovation performance in internationalized Chinese 
manufacturers (Wu et al., 2016). The capabilities 
that foment open innovation must be simultaneously 
dynamic and deeply embedded in the Chinese con-
text. The creation of embedded dynamic capabilities 
that enable firms to exploit the connectivity of the 
New Silk Road of Innovation is, therefore, a particu-
larly intriguing avenue for research.

Open innovation further reduces international 
innovation impact by moderating the positive effects 
of complexity and dominant design for countries in 
general. This is not yet the case for China; however, 

Table 5.  Poisson regression results for Chinese data

Variable Model 5 Model 6

Open −0.22 29.72**
Complexity −0.91** 5.20**

Dominant 8.82** 51.04**

Open × complexity −5.56**

Open × dominant −38.05**

Necessities 1.15** 0.15

Chemistry 6.45** 7.41**

Physics −11.18** −9.99**

Year 0.13** 0.13**

Constant −266.58** −290.42**

Diagnostics
Log likelihood −211 −194

LR χ2 (df) 1,129** 1,165**

n = 17.
**Significant at the 5% level.

Figure 4.  (a) Interaction of complexity and open for China. (b) Interaction of dominant and open for China. [Colour figure can be viewed 
at wileyonlinelibrary.com]
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as connectivity increases along the New Silk Road 
of Innovation, the degree of connectivity-related 
factors is likely to increase, and the joint dynamics 
of open innovation, technological complexity, and 
dominant design are likely to approach those of other 
countries. In this new, more complex landscape, the 
embeddedness of innovation at different ecosystemic 
levels is crucial to achieving international impact. We 
find that when a country produces dominant designs, 
the international impact of its innovations grows. We 
identified pesticides as an area in which China has 
established a number of dominant designs and in 
which Chinese innovation has the greatest interna-
tional impact (see Table 1). This area is important for 
Chinese agriculture in the light of recent regulatory 
bans of high-toxicity and high-residue compounds, 
since China uses twice the world average amount of 
pesticides per hectare of land OECD, 2018).

While technological complexity is positively 
related to the international impact of innovation for 
countries in general, this relationship is negative for 
China. Possibly, China has not yet developed the 
dynamic capabilities that are required to manage 
complex innovations. Instead, Chinese capabilities 
will be better developed in the second generation 
of process and production innovation (Breznitz and 
Murphree, 2011), meaning the effects of increased 
connectivity associated with the Belt and Road 
Initiative have not yet manifested in terms of manag-
ing complexity. Since the complexity of innovation 
tends to increase as countries develop (Petralia et 
al., 2017), the Chinese innovation ecosystem is busy 
building the required capabilities for more complex 
innovation. The Chinese strategy for enhancing inno-
vation capacity also includes establishing national 

agricultural high-development zones and promot-
ing public-private partnerships (OECD, 2018), and 
China ranked 14th in the 2019 Global Innovation 
Index after a steep rise over the previous few years 
(Dutta et al., 2019). We find that Chinese innovation 
has a rapidly increasing impact on Western innova-
tion (see Figure 2). This is in line with recent devel-
opments in fields such as frugal innovations, and this 
emerging-markets phenomenon is becoming increas-
ingly present also in Western economies (Agarwal 
and Brem, 2017). The New Silk Road will help 
diffuse the ‘do more with less’ thinking in Europe 
and beyond with the generation of reverse innova-
tion dynamics (Govindarajan and Ramamurti, 2011; 
Corsi et al., 2014).

Our research is concerned with innovation on 
the national level. Caution must thus be taken when 
interpreting the results at the firm level. Managers 
may not be able to affect the international impact 
of their national innovation system. Still, under-
standing the innovation ecosystem in which the firm 
is embedded is crucial for strategy creation (Autio 
and Thomas, 2014), and managers may play a role 
in activating this ecosystem (Nylund et al., 2019). In 
firms that aim for international business, it is clear 
that open innovation, technological complexity, and 
dominant designs play a role that can further clarify 
future research.

As with any research, several limitations need to 
be noted for this study. We only study the impact of 
technological innovations on subsequent technol-
ogies. This study could thus be complemented by 
explorations of different ways to achieve interna-
tional innovation impact, that is, through business 
model innovation, innovation culture or innovation 

Table 6.  Overview of results

Hypothesis Full sample China

H1. The degree of open innovation is positively related 
to the international impact of the innovation of a 
country

Rejected Not supported

H2a. The degree of technological complexity is positively 
related to the international impact of the innova-
tion of a country

Supported Rejected

H2b. Open innovation moderates the relationship between 
technological complexity and international inno-
vation impact, so that more complex technologies 
have less impact when there is a high degree of 
open innovation

Supported Partially supported

H3a. The amount of dominant designs is positively re-
lated to the international impact of the innovation 
of a country

Supported Supported

H3b. Open innovation moderates the relationship between 
dominant design and international innovation 
impact, so that the relationship is stronger when 
there is a high degree of open innovation

Supported Rejected
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talent. For example, the international impact of 
technological innovation could be related to the 
impact generated by the social network resources 
of Chinese emigrants to other countries (Chung et 
al., 2020).

The use of patent data also carries certain lim-
itations in addition to those associated with the 
exclusive study of technological innovations. Not 
all innovations are patented, but firms may rely 
on other protective mechanisms such as secrecy 
or speed-to-market (Leiponen and Byma, 2009). 
Future studies may evaluate the use of such mech-
anisms in the context of international innovation 
ecosystems. Moreover, although patent data allow 
for measuring the number of open innovation part-
ners, it does not specify, for example, the mode 
of collaboration or the processes employed. This 
quantitative study could thus be complemented 
with qualitative research to gain further insights. 
This study also did not consider industry-specific 
dynamics, which could also play a role in the 
understanding of Chinese innovation. This might 
offer potential for future studies, as would further 
studies into the knowledge flows between coun-
tries in geographical proximity along the New Silk 
Road, including the China-Pakistan, Bangladesh-
China-India-Myanmar, China-Mongolia-Russia, 
China-Central Asia-West Asia, and China-
Indochina Peninsula economic corridors (National 
Development and Reform Commission, Ministry 
of Foreign Affairs and Ministry of Commerce of 
the People’s Republic of China, 2015). In addition, 
the after-effects of the COVID-19 pandemic will 
likely impact the Belt and Road initiative. Since it 
depends on economic benefits and debt-financing 
along the road, modifications may be required due 
to the crisis (Buckley, 2020).Finally, the general 
development toward more sustainability might also 
have an effect on the project, especially since the 
launch of the United Nations Sustainability Goals. 
As mostly multinational companies are involved in 
the Belt and Road initiative, they have the oppor-
tunity to introduce responsible research and inno-
vation along the Silk Road (Nylund et al., 2021).
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