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Leveraging diverse ecosystem partners for innovation:
the roles of regional innovation environment and
partnership heterogeneity

Yanzhang Gua, Longying Hua and Chenxuan Houb

aSchool of Management, Harbin Institute of Technology, Harbin, China; bSchool of Management,
Zhejiang University of Technology, Hangzhou, China

ABSTRACT
Although prior studies investigated the influence of partner diver-
sity on focal firms’ innovation performance, they failed to consider
partners’ ecosystem positions and the roles of regional innovation
environment and partnership heterogeneity. To fill these gaps,
this study examines the relationship between supplier diversity,
customer diversity, regional innovation environment, partnership
heterogeneity and innovation performance to provide a compre-
hensive and throughout understanding of the influence of partner
diversity on innovation performance. Based on data of 188
Chinese manufacturing firms, this article finds that both diversities
of upstream suppliers and that of downstream customers contrib-
ute to innovation performance. Regional innovation environment
and partnership heterogeneity moderate the influences of sup-
plier diversity and customer diversity on innovation performance.
In a favourable regional innovation environment, the benefits of
diverse upstream suppliers for innovation are eroded, while the
benefits of diverse downstream customers for innovation are
enhanced. Partnership heterogeneity with suppliers can mitigate
the moderating effect of regional innovation environment on the
relationship between supplier diversity and innovation perform-
ance. These findings advance the literature on partner diversity
and innovation performance, thus providing fine-grained man-
agerial implications to firms to orchestrate diverse inter-organiza-
tional partners for innovation.
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1. Introduction

Due to the increased speed and sophistication of technological change and product
development, firms tend to collaborate with other firms rather than stand alone, so
that they can obtain more resources and knowledge for innovation and sustainable
development (Hagedoorn et al., 2018; Huang et al., 2018). Partner diversity is a rele-
vant concept that reflects the variance of focal firms’ partner portfolios, usually
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involving the number and characteristics of partners (e.g., customers, suppliers,
research institutions) with which they interact (Hagedoorn et al., 2018; Lee
et al., 2017).

Although partner diversity is well studied in the field of alliance portfolio, some
mixed and inconsistent conclusions have been drawn about the relationship between
partner diversity and firm innovation performance: positive (Huang et al., 2018;
Lucena & Roper, 2016), negative (Yoon et al., 2015), U-shaped (Wuyts & Dutta,
2014), and inverted U-shaped (Hagedoorn et al., 2018; Martinez et al., 2017). This
implies that a closer look at partner diversity and its influence on innovation per-
formance is necessary. To address this issue, we considered the different positions
(upstream and downstream) of partners in the ecosystem as suggested by Adner and
Kapoor (2010) and Adner (2017), and identifies the partner diversity into two differ-
ent types, i.e., customer diversity and supplier diversity. Furthermore, we examined
the influences of customer diversity and supplier diversity on innovation performance
respectively, to reconcile the inconsistent findings in the literature.

In addition, the association between partner diversity (supplier diversity and cus-
tomer diversity) and innovation performance may have boundary conditions. This
argument is based on the prior finding that diversity of alliance portfolios cannot pre-
dict the innovation performance of biotechnology firms without considering the mod-
erating effects of firms’ capabilities to manage alliance partners (Degener et al., 2018).
Although a few studies examined potential boundary conditions, such as internal and
external sources of finance (Cuervo-Cazurra et al., 2018), modularity and scope of
external knowledge (Hagedoorn et al., 2018), and density of partnership strengths
with suppliers (Delbufalo, 2015), less attention has been paid to regional innovation
environment. Besides, a focal firm’s innovative outcomes may depend on its configur-
ation of partnership strengths with its major partners (Cho et al., 2018; Delbufalo,
2015), which has been ignored by scholars. To fill these gaps, this article considers
them as potential boundary factors, and examines their influences on the relationship
between partner diversity and innovation performance.

This research aims to investigate the relationship between partner diversity (i.e.,
supplier diversity and customer diversity), regional innovation environment, partner
heterogeneity and innovation performance. It contributes to the literature as follows.
First, it goes beyond the focus of alliance portfolio diversity by emphasizing partners’
ecosystem positions, and extends ecosystem studies by investigating partner diversity,
thus it contributes to the literature on both alliance portfolio diversity and innovation
ecosystem. Second, it investigated the neglected roles of regional innovation environ-
ment, thus revealing how partner diversity influences innovation performance
depending on the innovation resources in the regional environment. Third, to supple-
ment previous studies, it considered partnership heterogeneity as a moderator and
examined how the configuration of partnership strengths between a focal firm and its
suppliers and customers may help the focal firm to handle the effects of external
environments. In sum, this study provides a comprehensive and throughout under-
standing of the influence of partner diversity on innovation performance, and useful
implications for practitioners to leverage the benefits of diverse suppliers and custom-
ers in an ecosystem to achieve a high level of innovation performance.
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Following this section, the theoretical underpinnings and research hypotheses are
presented in Section 2. After Section 3 describes the research methods, Section 4
shows the empirical results. Finally, Section 5 discusses the findings and concludes
this research.

2. Theory and hypotheses

2.1. Diversity of ecosystem partners and innovation performance

Partner diversity describes the variance of partner portfolios (Hagedoorn et al., 2018;
Lee et al., 2017). This research considers the ecosystem positions of partners and
focuses on upstream supplier diversity and downstream customer diversity. Diverse
suppliers provide the focal firm with heterogeneous technological resources and solu-
tions (Dyer & Hatch, 2006), and enhance novel innovation knowledge spillover to the
focal firm (Gao et al., 2015). These benefits facilitate the focal firm’s innovation learn-
ing and ability improvement, which helps the focal firm to leverage the diverse
upstream innovation resources and technological solutions for more innovation out-
comes. Meanwhile, diverse customers improve focal firms’ understanding of diverse
product demands and market fit in dynamic market environments (Piening et al.,
2016). This brings more opportunities and directions for focal firms to learn and
innovate with lower market risk and higher flexibility against dynamic market envi-
ronments, leading to more innovation outcomes. As found in past empirical studies,
partnerships with upstream suppliers and downstream customers improve the per-
formance of innovation projects (Jaklic et al., 2014; von Raesfeld et al., 2012).
Consistent with these findings, this study proposes:

Hypothesis 1a. Supplier diversity in a firm’s ecosystem positively relates to innovation
performance.

Hypothesis 1b. Customer diversity in a firm’s ecosystem positively relates to innovation
performance.

2.2. Regional innovation environment

Regional innovation environment plays a pivotal role in shaping a firm’s innovation
performance (Wang et al., 2019). Past research found that a favourable regional
innovation environment contributes to firms’ innovation performance (Wang et al.,
2019). Furthermore, environmental factors may also change the association of partner
diversity with innovation performance. As demonstrated by Hagedoorn et al. (2018),
higher modularity of knowledge in external environments increases the benefits of
partner diversity to firm innovation. Thus, whether the regional innovation environ-
ment could change the association of ecosystem partner diversity with innovation
performance comes to the concern of this study.

We believe that a better regional innovation environment may decrease the bene-
fits of supplier diversity to innovation performance since focal firms in this circum-
stance are more likely to face a lower pressure to engage in technological
explorations. In a better regional innovation environment, partnering with diverse
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suppliers provides focal firms with diverse innovative components and technology
choices, leading to a higher probability to meet heterogeneous downstream demands
(Bahlmann, 2014; Marhold et al., 2017). Moreover, a better regional innovation envir-
onment brings more dynamic technological changes in upstream suppliers, which
increases external technological turbulence and uncertainty. Past empirical study indi-
cates that the more turbulent the technology environment, the weaker the association
between supplier technological diversity and innovation performance (Gao et al.,
2015). Hence, this study proposes:

Hypothesis 2a. The better the regional innovation environment, the weaker the
association between supplier diversity and innovation performance.

On the contrary, a better regional innovation environment may increase the bene-
fits of customer diversity to innovation performance since focal firms in a better
regional innovation environment have higher innovation pressure to meet down-
stream needs. In this circumstance, diverse customers bring more demands and
innovation pressures, then more opportunities and ideas for innovation (Piening
et al., 2016; Wuyts & Dutta, 2014). Faced with these market demands, focal firms
may not always be able to obtain innovative solutions from partners to provide
diverse innovative products and services. Thus, they may tend to conduct more
internal research and development activities to innovate based on the more abundant
regional innovation resources. In addition, evidence shows that the benefits of partner
diversity to innovation outcomes will increase in a turbulent market environment
with dynamic downstream demands (Huang et al., 2018). This indicates that a better
regional innovation environment with dynamic customer demands may enhance the
link of customer diversity to innovation performance. Hence, this study proposes:

Hypothesis 2b. The better the regional innovation environment, the stronger the
association between customer diversity and innovation performance.

2.3. Partnership heterogeneity

Partnership heterogeneity involves the dispersity of partnership strengths between a
focal firm and its external partners as opposed to partner concentration (Patatoukas,
2012). Scholars found that not only partnership strength, but also density of partner-
ship strengths play pivotal roles in influencing the relationship between partner diver-
sity and innovation performance (Bahlmann, 2014; Delbufalo, 2015). This indicates a
focal firm’s configuration of inter-firm partnership strengths may change the influ-
ence of the diversity of ecosystem partners on innovation performance. Hence, part-
nership heterogeneity may act as a moderator.

Specifically, higher partnership heterogeneity with suppliers may reduce the mod-
erating effect of regional innovation environment. The reason is that a higher level of
partnership heterogeneity with suppliers indicates more dispersed partnership
strengths between the focal firm and its suppliers (Qiu, 2018). In this circumstance,
focal firms need to pay more dispersed attention and resources among their suppliers.
This reduces the benefits of regional innovation environment to focal firms’ acquisi-
tions of external technologies and components due to the increased difficulties and
costs in acquiring technology and components from dispersed suppliers, which may
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lead focal firms to innovate internally and integrate upstream suppliers (Adner &
Kapoor, 2010; Marhold et al., 2017). Meanwhile, the more dispersed the upstream
relationships with suppliers, the stronger the competition between suppliers. This
may increase the upstream innovation knowledge spillovers and then boost focal
firms’ internal innovation. Past studies indicated that dispersed relationships between
the focal firm and its inter-firm partners contribute to innovation performance
(Wang & Quan, 2017; Delbufalo, 2015). Thus, this research proposes:

Hypothesis 3a. The higher the partnership heterogeneity with suppliers, the weaker the
role of regional innovation environment in moderating the association between supplier
diversity and innovation performance.

In a different case, higher partnership heterogeneity with customers may attenuate
the impact of regional innovation environment on the association of customer diver-
sity with innovation performance. This inference is based on that a higher partner-
ship heterogeneity with customers represents a more dispersed configuration of
partnership strengths of a focal firm with its customers. The moderating effect of
regional innovation environment may be weakened since the limited innovation
attention, resource, and capability of the focal firm will be dispersed (Lee et al.,
2017). This may weaken the role of regional innovation environment in facilitating
the focal firm to leverage diverse customers for innovation. In addition, past empir-
ical research found that dispersed partnerships of a focal firm with its major custom-
ers mitigate the R&D intensity and innovation performance of this firm (Krolikowski
& Yuan, 2017). This implies that partnership heterogeneity with customers may
diminish the role of regional innovation environment in moderating the link of cus-
tomer diversity to innovation performance. Thus, this study proposes:

Hypothesis 3b. The higher the partnership heterogeneity with customers, the weaker the
role of regional innovation environment in moderating the association between
customer diversity and innovation performance.

3. Methods

3.1. Data

This study chose the Chinese manufacturers as the research setting. Chinese manufac-
turers are suitable to investigate the relationships between supplier diversity and cus-
tomer diversity with innovation performance due to the following reasons: First,
through decades of rapid development, China has been the second-largest economy
in the world for about ten years, where the manufacturing industry has been one of
the crucial motive forces of economic development (Gao et al., 2015; Kang et al.,
2018). Thus, Chinese manufacturing industries were well studied in the literature on
innovation (Chen et al., 2021; Gao et al., 2015; Jiang et al., 2020; Wang et al., 2019).
Second, Chinese manufacturing firms tend to be active in various innovation activ-
ities, especially for new product innovation, which provides a rich context to research
innovation performance (Gao et al., 2015; Jiang et al., 2020). Third, in response to
the complex technological changes and open market economy, the innovation activ-
ities of Chinese manufacturing firms seldom stand alone in innovation activities;
rather they collaborate with other partners, especially with their suppliers and
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customers who can provide crucial innovation resources (Gao et al., 2015; Huang
et al., 2018). As found in the studies, Chinese manufacturing firms have a closer rela-
tionship with their suppliers and customers (Gao et al., 2015; Huang et al., 2018).
Combined with the above considerations, Chinese manufacturing firms seem suitable
for studying the relationship between partner diversity (supplier and customer diver-
sity) and innovation performance.

In collecting the dataset used in this study, we adhered to the following procedures:
First, we used the CSMAR database to collect firms in Chinese manufacturing industries
(Chen et al., 2021; Jiang et al., 2020). Focusing on industry diversity, we excluded those
industries where firms have weak collaborations with their partners. As a consequence,
six industries including pharmaceutical, general equipment, special equipment, automo-
bile, electric machinery and equipment, computer and communication and other elec-
tronic equipment industries were selected. Second, in contrast to large manufacturing
firms, some small firms and mostly privately owned firms were not our target due to the
non-disclosure of data. Thus, we selected 1277 large manufacturing firms. Third, to
ensure the authenticity of data, firms that disclose the names of suppliers and customers
were considered reliable. Thus, we excluded some manufacturing firms that cannot pro-
vide specific information about their suppliers or customers, and the remaining 232 firms
were considered. Forth, following the established time frame of this study, we collected
information on partner diversity (supplier and customer diversity) and innovation per-
formance in Chinese manufacturing firms between 2015 and 2018, and excluded 44 firms
that cannot provide complete data to our study.

To be specific, the CSMAR database (http://www.gtarsc.com/), provides informa-
tion on the firm’s top five suppliers and customers for measuring partner diversity
and partnership heterogeneity. It also provides basic operating data such as owner-
ship, number of employees, and financial indicators. Then, Aiqicha (https://aiqicha.
baidu.com/?from=pz), Tianyancha (https://www.tianyancha.com/), Qixinbao (https://
www.qixin.com/) and Bloomberg (https://www.bloomberg.com) all provide informa-
tion on the main industry in which a given supplier or customer is involved, allowing
triangular validation. Meanwhile, the official patent database of the China National
Intellectual Property Administration (https://www.cnipa.gov.cn/) provides patent data
to measure innovation performance (Wang et al., 2019). Finally, the Annual Report
on China’s Regional Innovation Capability provides a comprehensive indicator for
measuring innovation environment at the province level (Wang et al., 2019).

By the procedures above, a purer and more accurate dataset was established, which
contains 130 firms with 303 observations for supplier diversity and 103 firms with
231 observations for customer diversity from 2015 to 2018. The sample distribution
is presented in Table 1.

3.2. Measures

3.2.1. Dependent variable
Innovation Performance represents the output generated by the firm’s innovation
activities. We used the count of patent applications with a one-year lag as a proxy for
innovation performance of the focal firm, consistent with prior studies (Degener
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et al., 2018; Li, 2019). This way of measurement focussed on the quantitative per-
formance of firms’ innovation. As demonstrated by the literature that the number of
patent applications is closely associated with innovation performance, this quantitative
measure has been widely adopted to gauge innovation performance (Degener et al.,
2018; Li, 2019; Wang et al., 2019).

3.2.2. Independent variables
Supplier Diversity and Customer Diversity were independent variables. Although an
innovation ecosystem consists of those participants, including a focal firm, suppliers,
complementors and customers (Adner, 2006; Adner & Kapoor, 2010), the focal firm
has direct ties to its upstream supplier as well as direct ties to its downstream cus-
tomers, in contrast to indirect ties to its complementors (Adner & Kapoor, 2010),
thus the relationship between a focal firm with its suppliers and customers deserves
more attention. This is consistent with the focus of extant research (Cho et al., 2018;
Gao et al., 2015; Potter & Paulraj, 2020).

Supplier Diversity and Customer Diversity were measured based on the industries
in which the top five suppliers and customers were involved respectively. This is
based on that firms from the same industry usually have similar assets, operations
and intangible resources including market and technological knowledge, experience,
and capabilities (Chung et al., 2019; Marhold et al., 2017). The industry dimension of
diversity was widely used to measure partner diversity (Chung et al., 2019; Lee et al.,
2017). In this study, the industry categories are at the secondary level of
Classification of China’s Industrial Classification for National Economic Activities
(GB/T 4754-2017). Then, the two variables are calculated by Blau Index (Blau, 1977):
1-R(pi

2), where pi is the proportion of partners from industry i in this study. Their
values range from 0 (five partners from one industry) to 0.80 (five partners from five
different industries). This index was broadly used in partner diversity studies
(Degener et al., 2018; Jiang et al., 2010; Marhold et al., 2017).

3.2.3. Moderating variables
Regional Innovation Environment was measured by the comprehensive indicator:
regional innovation environment in the Report on China’s Regional Innovation
Capability following (Wang et al., 2019). This report published by the University of
Chinese Academy of Sciences comprehensively measured regional innovation envir-
onment according to provincial infrastructure, workforce quality, financial and

Table 1. Sample distribution.
Industry Observations (%) Firms (%)

Supplier diversity Automobile 46 (15.18%) 18 (13.85%)
Computer, communication and other electronic equipment 62 (20.46%) 33 (25.38%)
Electric machinery and equipment 93 (30.69%) 37 (28.46%)
Pharmaceutical 102 (33.66%) 42 (32.31%)

Customer diversity Automobile 44 (19.05%) 17 (16.50%)
Electric machinery and equipment 53 (22.94%) 31 (30.10%)
General equipment 55 (23.81%) 22 (21.36%)
Special equipment 79 (34.20%) 33 (32.04%)

Source: compiled by authors.
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market environment, and entrepreneurship. These factors were treated as the core
contents of regional innovation environment by scholars, which reflects the scientif-
icity and rationality of this indicator (Wang et al., 2019).

Partnership Heterogeneity represents the dispersion characteristic of tie strengths of
a focal firm with partners. In contrast to partner concentration (Patatoukas, 2012), a
high level of partnership heterogeneity indicates a high level of dispersion of the tie
strengths of a focal firm with its partners. Following Delbufalo (2015), we used the
contractual trade proportions of suppliers and customers in the total trade volume of
a focal firm to measure partner heterogeneity. As done by Ardito et al. (2018), part-
nership heterogeneity with suppliers and partnership heterogeneity with customers were
measured by Blau Index (Blau, 1977): 1-R(pi

2), where pi represents the trade propor-
tion of the top-five partner i of the focal firm in this study. The value of these two
variables is a continuous decimal ranging from 0 to 1.

3.2.4. Control variables
First, this study controls for firm size using the number of annual employees (ten-
thousand as the unit) (Oerlemans et al., 2013), firm age by the years from establishing
date (Bahlmann, 2014; Degener et al., 2018), R&D intensity utilizing the yearly total
R&D expenditure divided by sales (Hagedoorn et al., 2018; Martinez et al., 2017), and
debt ratio by the percentage of firm’s debts to assets (Li, 2019) to control their
impacts on the innovation performance of focal firms. Second, considering tie
strength of the focal firm with its partners closely connects to its innovation
(Demirkan, 2018), supplier tie strength and customer tie strength are introduced by
the percentage of the focal firm’s total trade shares with the top five suppliers and
customers respectively. Third, government subsidy is measured by the yearly total
amount of government subsidies (10,000 RMB as the unit), given its significant role
in influencing firm innovation (Lucena & Roper, 2016). Finally, industry, ownership,
and year effects are controlled (Zhang et al., 2021).

3.3. Methods of analysis

Innovation performance is a count variable in this study. Its variance is more than its
mean. Therefore, negative binomial regression with fixed effects is more appropriate
to handle the over-dispersed of this variable and the potential time-invariant hetero-
geneities (Fu et al., 2021). Moreover, the analyses employed the natural logarithm of
the continuous control variables to mitigate the potential impacts of different scales
of variables (Degener et al., 2018). Simple slope analysis and difference tests provide
supplementary interpretations of the moderating effects (Dawson & Richter, 2006).
STATA16 SE was employed to perform regressions. Specifically, this study used
Model 1 to Model 4 to test hypotheses related to supplier diversity, and Model 5 to
Model 8 to test hypotheses related to customer diversity.

IPi, t ¼ b0 þ b1STSi, t�1 þ b2FAi, t�1 þ b3FSi, t�1 þ b4GSi, t�1 þ b5RDIi, t�1 þ b6DRi, t�1

þ ei, t�1

(1)
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IPi, t ¼ b0 þ b1SDi, t�1 þ b2STSi, t�1 þ b3FAi, t�1 þ b4FSi, t�1 þ b5GSi, t�1 þ b6RDIi, t�1

þ b7DRi, t�1 þ ei, t�1

(2)

IPi, t ¼ b0 þ b1SDi, t�1 þ b2RIEi, t�1 þ b3SDi, t�1 � RIEi, t�1 þ b4STSi, t�1 þ b5FAi, t�1

þ b6FSi, t�1 þ b7GSi, t�1 þ b8RDIi, t�1 þ b9DRi, t�1 þ ei, t�1

(3)

IPi,t¼b0þb1SDi,t�1þb2RIEi,t�1þb3PHSi,t�1þb4SDi,t�1�RIEi,t�1þb5SDi,t�1�PHSi,t�1

þb6RIEi,t�1�PHSi,t�1þb7SDi,t�1�RIEi,t�1�PHSi,t�1

þb8STSi,t�1þb9FAi,t�1þb10FSi,t�1þb11GSi,t�1þb12RDIi,t�1þb13DRi,t�1þei,t�1

(4)

IPi,t¼b0þb1CTSi,t�1þb2FAi,t�1þb3FSi,t�1þb4GSi,t�1þb5RDIi,t�1þb6DRi,t�1þei,t�1

(5)

IPi,t¼b0þb1CDi,t�1þb2CTSi,t�1þb3FAi,t�1þb4FSi,t�1þb5GSi,t�1þb6RDIi,t�1

þb7DRi,t�1þei,t�1 (6)

IPi,t¼b0þb1CDi,t�1þb2RIEi,t�1þb3CDi,t�1�RIEi,t�1þb4CTSi,t�1þb5FAi,t�1

þb6FSi,t�1þb7GSi,t�1þb8RDIi,t�1þb9DRi,t�1þei,t�1 (7)

IPi,t¼b0þb1CDi,t�1þb2RIEi,t�1þb3PHCi,t�1þb4CDi,t�1�RIEi,t�1þb5CDi,t�1

�PHCi,t�1þb6RIEi,t�1�PHCi,t�1þb7CDi,t�1�RIEi,t�1�PHCi,t�1

þb8CTSi,t�1þb9FAi,t�1þb10FSi,t�1þb11GSi,t�1þb12RDIi,t�1þb13DRi,t�1þei,t�1

(8)

where subscripts i and t represent individual firms and observation years, IPi,t-1 is
innovation performance, SDi,t-1 is supplier diversity, CDi,t-1 is customer diversity,
RIEi,t-1 is regional innovation environment, PHSi,t-1 is partnership heterogeneity with
suppliers, and PHCi,t-1 is partnership heterogeneity with customers, STSi,t-1 is supplier
tie strength, CTSi,t-1 is customer tie strength, FAi,t-1 is firm age, FSi,t-1 is firm size,
GSi,t-1 is government subsidy, RDIi,t-1 is R&D intensity, DRi,t-1 is debt ratio, ei,t-1 is
error term respectively. Each of these models was all controlled for industry, owner-
ship, and year effects.

Model 1 and Model 5 are baseline models. Model 2 was used to test Hypothesis 1a
according to the coefficient of SDi,t-1. Model 3 was used to test Hypothesis 2a accord-
ing to the coefficient of the two-way interaction of SDi,t-1 and RIEi,t-1. Model 4 was
used to test Hypothesis 3a according to the coefficient of the three-way interaction of
SDi,t-1, RIEi,t-1, and PHSi,t-1. Meanwhile, Model 6 was used to test Hypothesis 1 b
according to the coefficient of CDi,t-1. Model 7 was used to test Hypothesis 2 b
according to the coefficient of the two-way interaction of CDi,t-1 and RIEi,t-1. Model 8
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was used to test Hypothesis 3 b according to the coefficient of the three-way inter-
action of CDi,t-1, RIEi,t-1, and PHCi,t-1.

4. Results

Table 2 presents the results of descriptive statistics and correlations. Table 3 provides
the results of hypotheses testing. The max of VIF in each model is well below the
threshold of 10, excluding the multicollinearity concern (Cohen et al., 2013). The
decreased index of Akaike Information Criteria (AIC) and significant results of
Likelihood ratio (LR) tests indicate a good fit and effectiveness of these models
(Caner & Tyler, 2015; Piening et al., 2016).

As shown in Table 3, including SDi,t-1 in model 2 improves the model fit against
Model 1 which only includes control variables, since AIC declines and the result of
LR test is significant (p< 0.05). The coefficient of SDi,t-1 is significant and positive
(b¼ 1.262, p< 0.05) in Model 2, supporting Hypothesis 1a. Similarly, when CDi,t-1 is
introduced, Model 6 has a better model fit than Model 5 only including control varia-
bles, since AIC declines and LR test is significant (p< 0.01). The coefficient of CDi,t-1

is significant and positive (b¼ 1.302, p< 0.01) in Model 6, supporting Hypothesis 1 b.
Then, to test Hypothesis 2a, Model 3 includes SDi,t-1, RIEi,t-1, and their interaction.

This improves model fit with a lower AIC and significant result of LR test (p< 0.01)
against Model 2. The coefficient of the interaction between SDi,t-1 and RIEi,t-1 in
Model 3 is negative and statistically significant (b¼-0.170, p< 0.01), providing sup-
port for Hypothesis 2a. Similarly, to test Hypothesis 2 b, Model 7 introduces CDi,t-1,
RIEi,t-1, and their interaction, leading to a better model fit with a decline of AIC and
significant result of LR test (p< 0.01) against Model 6. The interaction between
CDi,t-1 and RIEi,t-1 has a statistically significant and positive coefficient (b¼ 0.125,
p< 0.05). Therefore, Hypothesis 2 b is supported. Figure 1 further presents the graph-
ical interpretations of the two-way interactions.

As shown in Table 4, SDi,t-1 is stronger linked to innovation performance in low
RIEi,t-1 (mean minus one standard deviation, b¼ 4.054, p< 0.01) than in high RIEi,t-1
(mean plus one standard deviation, b¼-2.506, p< 0.01). The two slopes are signifi-
cantly different (b¼ 6.656, p< 0.01). Thus, the results support Hypothesis 2a.
Meanwhile, the association of CDi,t-1 with innovation performance becomes stronger
in high RIEi,t-1 (b¼ 2.527, p< 0.01) compared to in low RIEi,t-1 (b¼ 0.769, p< 0.01).
The two slopes are significantly different (b¼-1.758, p< 0.01). Hence, Hypothesis 2 b
is supported.

Finally, Hypothesis 3a was tested by Model 4 including SDi,t-1, RIEi,t-1, PHSi,t-1,
and their interactions. Model 4 fits better with lower AIC and significant result of LR
test (p< 0.01) against Model 3. The three-way interaction between SDi,t-1, RIEi,t-1,
PHSi,t-1 has a significant and positive coefficient (b¼ 2.486, p< 0.1), providing sup-
port for Hypothesis 3a. Meanwhile, to test Hypothesis 3 b, Model 8 includes the inter-
actions between CDi,t-1, RIEi,t-1, PHCi,t-1. It has a lower AIC and significant result of
LR test (p< 0.01) against Model 7. The coefficient of three-way interaction between
CDi,t-1, RIEi,t-1, PHCi,t-1 is not significant (b¼ 0.090, p> 0.1), which fails to support
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Hypothesis 3 b. Figure 2 further illustrates the role of partnership heterogeneity
with suppliers.

As demonstrated in Table 5, the moderating effect of RIEi,t-1 turns to be not sig-
nificant from low PHSi,t-1 (mean minus one standard deviation) to high PHSi,t-1
(mean plus one standard deviation), since in high RIEi,t-1 and high PHSi,t-1 the link of
SDi,t-1 to innovation performance is non-significant (b¼ 0.946, p¼ 0.113). And all the
slopes in the four scenarios are significantly different. Therefore, Hypothesis 3a
is supported.

Supplementary regressions provide extra evidence to support our results of hypoth-
esis tests. First, SDi,t-1 and CDi,t-1 were gauged by the number of industry categories
of suppliers and customers (Jiang et al., 2010) (Table A1). Then, the total number of
patent applications during the observation year and the next year serves as an alterna-
tive way to gauge innovation performance (Table A2). Moreover, to address potential
reverse causality concern, we regressed innovation performance on supplier diversity
and customer diversity drawing on Degener et al. (2018). Results found that innov-
ation performance fails to significantly predict supplier diversity and customer diver-
sity, which excluded this concern. Finally, potential non-linear associations of the
diversity of ecosystem partners with innovation performance were tested providing
non-significant results.

5. Discussion and conclusion

Integrating the alliance portfolio diversity and ecosystem as structure perspectives,
this study focused on supplier diversity and customer diversity to seek a more
nuanced understanding of how the diversity of ecosystem partners relates to innov-
ation performance as well as the moderating roles of regional innovation environ-
ment as a regional factor and partnership heterogeneity as an inter-organizational
factor. The findings are as follows.

First, both supplier diversity and customer diversity in a firm’s ecosystem improve
innovation performance. As noted above, past studies provide mixed and inconsistent

Figure 1. Interactions between SDi,t-1 and RIEi,t-1, and CDi,t-1 and RIEi,t-1.
Source: compiled by authors.
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conclusions on how partner diversity connects to innovation performance
(Hagedoorn et al., 2018; Lee et al., 2017). The reason may be that partners in differ-
ent ecosystem positions play different roles in influencing focal firms’ innovation
(Adner & Kapoor, 2010; Song, 2016). Therefore, this study highlights the importance
of ecosystem positions when investigating the association of partner diversity with
innovation performance. Consistent with the resource-based view, organizational

Table 4. Simple slope analysis and difference tests for two-way interactions.
Lines b Std. Err. T-value p

SDi,t-1 (1) Low RIEi,t-1 4.054 0.254 15.990 0.000
(2) High RIEi,t-1 �2.506 0.345 �7.270 0.000
(2)/(1) 6.560 0.433 15.150 0.000

CDi,t-1 (1) Low RIEi,t-1 0.769 0.199 3.870 0.000
(2) High RIEi,t-1 2.527 0.396 6.380 0.000
(2)/(1) �1.758 0.465 �3.780 0.000

Source: compiled by authors.

Figure 2. Interaction between SDi,t-1, RIEi,t-1 and PHSi,t-1.
Source: compiled by authors.

Table 5. Simple slope analysis and difference tests for three-way interaction of SDi,t-1, RIEi,t-1
and PHSi,t-1.
Lines b Std. Err. T-value p

(1) High RIEi,t-1, Low PHSi,t-1 �8.290 1.049 �7.910 0.000
(2) Low RIEi,t-1, Low PHSi,t-1 6.684 0.857 7.800 0.000
(3) High RIEi,t-1, High PHSi,t-1 0.946 0.597 1.580 0.113
(4) Low RIEi,t-1, High PHSi,t-1 2.553 0.499 5.120 0.000
(1)/(3) �9.236 1.455 �6.350 0.000
(1)/(4) �10.843 0.938 �11.560 0.000
(2)/(1) 14.974 1.721 8.700 0.000
(2)/(3) 5.738 0.844 6.800 0.000
(2)/(4) 4.131 1.237 3.340 0.000
(3)/(4) 1.607 0.872 1.840 0.065

Source: compiled by authors.
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learning theory, and social network theory, it confirms that supplier diversity contrib-
utes to focal firms’ innovation by providing diverse resources, knowledge spillovers,
opportunities to learn, and technological solutions from the supply side, while cus-
tomer diversity benefits focal firms’ innovation by diverse innovation resources, pres-
sures, and learning opportunities from the demand side. These findings are also in
line with prior studies (Gao et al., 2015; Sarpong & Teirlinck, 2018; von Raesfeld
et al., 2012), and advance the understanding of the impact of diversity of inter-organ-
izational partners on innovation performance.

Second, regional innovation environment weakens the influence of supplier diver-
sity on innovation performance, but enhances the impact of customer diversity on
innovation performance. Although prior studies investigated some boundary condi-
tions which impact the innovation outcomes of partner diversity. For instance,
technological and market uncertainties can decrease the benefits of R&D alliance
diversity to innovation performance (Wang & Quan, 2017). Complementary to these
studies, this study revealed the asymmetric moderating roles of regional innovation
environment. The results enrich the understanding of the association of ecosystem
partner diversity with innovation performance and the boundary conditions of this
relationship from an alternative perspective.

Finally, partnership heterogeneity with suppliers weakens the moderating effect of
regional innovation environment on the relationship between supplier diversity and
innovation performance. Past studies have explored firm-level boundary conditions
such as network stability (von Raesfeld et al., 2012), internal capabilities of value cre-
ation (Chung et al., 2019), and internal sources of finance (Cuervo-Cazurra et al.,
2018). Scholars also revealed that partnership heterogeneity with suppliers increases
the competitive intensity of suppliers which helps the focal firm to better leverage the
benefits of supplier diversity for higher creativity (Gao et al., 2015). This article pro-
vides complementary findings by revealing the roles of partnership heterogeneity in
shaping the association of partner diversity with innovation performance.

The research contributions of this article are as follows. First, it reveals that both
supplier diversity and customer diversity contribute to the innovation performance of
focal firms. Second, it verifies that regional innovation environment diminishes the
benefits of supplier diversity to innovation performance, but enhances the benefits of
customer diversity to innovation performance. Third, it confirms that partnership
heterogeneity with suppliers weakens the moderating roles of regional innovation
environment. In sum, this study advances extant studies on alliance portfolio diver-
sity, ecosystem and innovation performance, thus deepening our understanding of
the influence of partner diversity on the innovation performance of focal firms.

The findings provide several managerial implications. First, increasing the diversity
of suppliers and diversity of customers in focal firms’ ecosystems could enhance
innovation performance. Cross-industry collaborations, such as partnering with raw
material, technology, and component suppliers in different industries may help focal
firms to diversify partners. Moreover, improving the focal firm’s information technol-
ogy infrastructure towards digital transformation may be a channel to increase part-
ner diversity (van Beers & Zand, 2014). Finally, more innovation inputs such as R&D
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resources may help focal firms to better reap the benefits of partner diversity for
more innovations (Lucena & Roper, 2016; Martinez et al., 2017).

Second, focal firms cannot always better leverage the benefits of diverse partners in
different regional innovation environments. In a worse regional innovation environ-
ment, for better innovation performance focal firms may concentrate most of their
resources to focus on key technology and core product by shrinking technology scope
and adopting specialised product strategies which may decrease the diversity of sup-
pliers (Shukla & Mital, 2018). Meanwhile, focal firms may keep a higher level of cus-
tomer diversity in a better regional innovation environment. Strategies for
international and differentiating marketing may expand the applications industries of
focal firm’s products. Focal firms may market their products to different regions by
more marketing endeavours such as establishing sales subsidiaries and
digital platforms.

Finally, focal firms can change the heterogeneity of partnerships with suppliers to
control the influence of regional innovation environment. Specifically, for better
innovation performance, focal firms may increase the level of partnership heterogen-
eity with suppliers to mitigate the role of regional innovation environment in decreas-
ing the benefits associated with supplier diversity to innovation performance.
Adjusting component and product structure and expanding the scope of supplier
selection may help focal firms to maintain dispersed partnership strengths with sup-
pliers (Cho et al., 2018; Gao et al., 2015).

This research has some limitations which provide research opportunities. It
focused on suppliers and customers considering their important roles for focal firms’
innovation. Future studies may investigate partners in other ecosystem positions such
as competitors and complementors. Moreover, alternative measures of variables also
exist. For instance, measuring partner diversity in different diversity dimensions and
employing other aspects (e.g., regional patents and R&D investment) to measure
regional innovation environment will improve the robustness of the findings. Finally,
it selected large listed manufacturing firms for hypotheses tests. Future studies may
be extended by selecting SMEs and firms from different industries to perform indus-
try-wise analysis.
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Appendix A: Results of robustness tests

Table A1. Varying measures of SDi,t-1 and CDi,t-1.
SDi,t-1 (N¼ 303) CDi,t-1 (N¼ 231)
Variable Model 9 Model 10 Model 11 Variable Model 12 Model 13 Model 14

SDi,t-1 0.178�
(0.099)

0.220��
(0.101)

0.211��
(0.102)

CDi,t-1 0.275���
(0.090)

0.323���
(0.093)

0.308���
(0.091)

RIEi,t-1 0.003
(0.013)

0.010
(0.013)

RIEi,t-1 �0.001
(0.020)

�0.000
(0.022)

PHSi,t-1 1.958
(2.764)

PHCi,t-1 3.961
(2.541)

SDi,t-1 � RIEi,t-1 �0.019��
(0.008)

�0.024���
(0.009)

CDi,t-1 � RIEi,t-1 0.015
(0.009)

0.011
(0.009)

SDi,t-1 � PHSi,t-1 �0.986
(1.520)

CDi,t-1 � PHCi,t-1 �0.758
(1.192)

RIEi,t-1 � PHSi,t-1 �0.409�
(0.224)

RIEi,t-1 � PHCi,t-1 0.116
(0.151)

SDi,t-1 � RIEi,t-1 � PHSi,t-1 0.299�
(0.172)

CDi,t-1 � RIEi,t-1 � PHCi,t-1 0.009
(0.106)

Controls Yes Yes Yes Controls Yes Yes Yes
Constant 3.973��

(1.823)
3.578�
(1.829)

2.964
(1.989)

Constant 3.524
(2.436)

3.703
(2.482)

1.577
(2.714)

AIC 939.56 937.23 936.96 AIC 750.83 752.25 755.04
Log likelihood �454.78 �451.62 �448.48 Log likelihood �360.42 �359.12 �356.52
LR test 3.16�� 6.32�� 4.27�� LR test 9.30��� 2.58 5.20
Max VIF 1.92 1.95 2.79 Max VIF 2.07 2.08 3.39

Table A2. Varying measure of innovation performance.
SDi,t-1 (N¼ 303) CDi,t-1 (N¼ 231)
Variable Model 15 Model 16 Model 17 Variable Model 18 Model 19 Model 20

SDi,t-1 0.708
(0.467)

0.888�
(0.496)

0.692
(0.498)

CDi,t-1 0.939���
(0.347)

1.052��
(0.442)

1.141���
(0.410)

RIEi,t-1 0.023��
(0.012)

0.026��
(0.012)

RIEi,t-1 0.032��
(0.014)

0.034��
(0.014)

PHSi,t-1 1.393
(1.853)

PHCi,t-1 1.965
(1.561)

SDi,t-1 � RIEi,t-1 �0.113���
(0.037)

�0.113���
(0.037)

CDi,t-1 � RIEi,t-1 0.013
(0.042)

0.022
(0.039)

SDi,t-1 � PHSi,t-1 3.962
(6.200)

CDi,t-1 � PHCi,t-1 �3.999
(4.611)

RIEi,t-1 � PHSi,t-1 �0.149
(0.157)

RIEi,t-1 � PHCi,t-1 �0.050
(0.091)

SDi,t-1 � RIEi,t-1 � PHSi,t-1 1.714��
(0.679)

CDi,t-1 � RIEi,t-1 � PHCi,t-1 �0.915��
(0.438)

Controls Yes Yes Yes Controls Yes Yes Yes
Constant 2.828

(1.738)
2.733
(1.798)

2.787
(1.944)

Constant 7.876���
(2.039)

7.538���
(1.897)

7.126���
(2.000)

AIC 1133.01 1122.92 1122.73 AIC 958.29 957.53 955.60
Log likelihood �551.50 �544.46 �540.36 Log likelihood �464.14 �461.76 �458.80
LR test 2.39�� 14.08��� 8.19� LR test 7.49��� 4.76� 5.93�
Max VIF 1.93 1.95 2.65 Max VIF 2.07 2.11 3.01

Notes:
�
p< 0.1,

��
p< 0.05,

���
p< 0.01; Standard errors in parentheses..
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