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ARTICLE INFO ABSTRACT

JEL classification:

Two questions persist regarding global value chains (GVCs): First, what are the strategies and pathways through

031 which multinational enterprises (MNEs) integrate and navigate GVCs? Second, what are the characteristics of
032 GVCs in which MNEs participate? An analysis of these questions leads to inside-out and outside-in perspectives
033 on GVCs. The literature on MNEs mostly focuses on the quantity and quality of foreign direct investment rather
;‘;{I"é’:r ds: than on the differences in MNEs’ production activities and structure of GVCs. This study examines the effects of

Domestic firms
Innovation performance
GVC-OLI nexus

GVC complexity

GVC participation

MNEs’ participation in simple and complex GVCs on domestic innovation. We find that the positive effects are
mainly driven by MNEs’ downstream participation in simple GVCs. The mechanism tests indicate that MNEs’
upstreamness within simple GVCs negatively affects domestic firms’ absorption capacity and internal R&D and
that within simple and complex GVCs negatively affects domestic firms’ export resilience.

Introduction

To understand the nature of global value chains (GVCs), it is crucial
to regard firms, rather than countries or industries, as the primary
participants (Antras, 2020). According to Cigna et al. (2022), multina-
tional enterprises (MNEs) play a dominant role in global production and
GVC-related trade, representing over one-third of the total output, 65%
of exports, and 41% of intermediate input imports. MNEs facilitate the
integration of developing economies into global networks of fragmented
production and collaborative innovation (Lee & Gereffi, 2021; Mody,
2004; Pietrobelli & Rabellotti, 2011), embedding local business eco-
systems and global divisions of labor (Saranga et al., 2019; van Meeteren
& Kleibert, 2022).

Although MNEs represent the largest source of technological inno-
vation and transfer (lammarino & McCann, 2013), the Porter paradox
asserts that enduring competitive advantages in a globalized era origi-
nate from local things (Porter, 1998), impelling the analysis of the
economic consequences of MNEs’ GVC-related activities on host coun-
tries’ innovation performance. However, previous research on how
MNEs affect domestic innovation focuses mainly on the quantity and
quality of foreign direct investment (FDI), for example, the foreign eq-
uity shares in the horizontal, upstream, and downstream sectors

* Corresponding author.

(Vujanovic et al., 2022) or foreign firms’ patent applications and patent
grants (Tan et al., 2023). When the quantity and quality of FDI reflect a
country’s attractiveness to FDI, they cannot accurately describe the
differences in the technological intensity and market strategies
embodied in specific production activities. Thus, the research focus must
shift to the fundamental nature of MNEs’ production activities that cater
to the local markets of host countries and serve as the critical elements of
the global production sequence. Specifically, MNEs not only sell the
same products in the same way worldwide (Levitt, 1983) but also
contain a considerable portion of the production networks spanning
multiple countries (Pandya, 2016). Moreover, from a structural
perspective on MNEs’ global production, the extant literature centers on
the GVC governance theory with a focus on micro-interfirm coordina-
tion (Bair, 2008) while ignoring the broader network structure of GVCs
(Ambos et al., 2021). As GVC complexity is a basic network structural
feature that reflects the specialization patterns of countries and in-
dustries (Wang et al., 2017), we analyze the participation of MNEs in
simple and complex GVCs and their impact on domestic innovation. Two
questions draw our attention: What strategies and pathways do MNEs
use to integrate and navigate GVCs? What are the characteristics of the
GVCs that engage MNEs? Thus, the analysis of these two issues effec-
tuates the inside—out and outside—in perspectives in GVCs.
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Based on the above analysis, we fill this research gap by investigating
the specific impact of MNEs’ participation in simple and complex GVCs
on domestic firms’ innovation performance. Additionally, we analyze
how domestic firms’ heterogeneity affects the impact of MNEs’ partici-
pation in GVCs on domestic firms’ innovation performance, including
factors such as domestic firms’ R&D intensity and revealed comparative
advantage (RCA). Finally, we analyze the theoretical mechanisms,
including domestic firms’ internal R&D, absorption capacity, and export
resilience.

This study contributes to existing literature in several ways. First, it
provides an alternative perspective for investigating inside—out (firm-to-
network) and outside-in (network-to-firm) GVCs. McWilliam et al.
(2020) and Pananond et al. (2020) highlight this combination of com-
plementary perspectives. They integrate GVC governance theory with
the ownership, location, and internalization advantage (OLI) paradigm
and MNEs’ global strategy. We interpret how MNEs undertake produc-
tion activities in specific GVC structures and how these structures affect
the internal organization and external relationships of MNEs, which
represent inside-out and outside-in perspectives, respectively. Specif-
ically, this study empirically analyzes the complexity of intercountry
industrial connections and MNEs’ GVC participation. Second, it con-
tributes to the literature on FDI. The existing literature focuses on how
MNEs enter host countries through FDI and underestimates the GVC
production activities organized and dominated by MNEs in host econ-
omies (Harding & Javorcik, 2012; Crescenzi et al., 2015; Lin & Kwan,
2016; Luetal., 2017; Amendolagine et al., 2019). This study clarifies the
mechanisms through which FDI generates positive spillovers to devel-
oping countries through GVC participation. Finally, it contributes to
literature on firm innovation and industrial upgrades. As the interactive
and open nature of innovation is widely recognized (Ambos et al., 2021;
Buciuni & Pisano, 2021), how innovation progresses along the specific
paths of GVC participation and structures of GVCs must be further
explored.

The remainder of this study is organized as follows. Section 2 pro-
vides the theoretical background and introduces the research hypothe-
ses. Section 3 presents the empirical methodology, and Section 4 reports
the empirical results of the baseline regression, robustness, and het-
erogeneity tests, and mechanism identification. Section 5 presents the
discussion. Finally, section 6 presents the conclusions and limitations of
this study.

Theoretical background and hypothesis development

The relationship between GVC participation and domestic innova-
tion is widely recognized. From an internal perspective, extant literature
mainly analyzes the participation and positions of domestic firms within
GVCs (Elshaarawy & Ezzat, 2023), which affect the capability of value
creation and access to high-quality intermediates. From an external
perspective, technology spillovers are examined through bilateral in-
ternational trade (Coe & Helpman, 1995) and indirect spillovers to other
firms, industries, and countries that trade with direct partners (Ito et al.,
2023). From the latter perspective, as MNEs exploit and absorb new
ideas and technologies across national borders, their participation in
GVCs generates network externalities for local innovations. According to
Antras (2020), a GVC refers to a series of stages engaged in the pro-
duction of a product or service destined for final consumption, with each
production stage adding value and at least two different countries are
involved in production. This transcends the GVC governance structure
and local production activities in which MNEs collaborate with domestic
firms. In this context, a comprehensive mindset is critical for analyzing
the interactive nature of fragmented global production. Connecting the
firm-to-network (inside-out) perspective with the network-to-firm
(outside-in) perspective is the core of the GVC-OLI nexus (McWilliam
et al., 2020). Furthermore, we can consider the participation of MNEs
and overall structure of GVCs, which represent inside-out and out-
side-in perspectives, respectively. The traditional OLI paradigm is
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widely applied to analyze the extent, pattern, and geographic dispersion
of MNEs’ foreign value-adding activities (McWilliam et al., 2020).
Moreover, GVC-related specialized production reflects the value-adding
process, indicating an important aspect that relates to the basic ques-
tions of the OLI paradigm. GVC complexity emanates from the
value-adding activities of MNEs in GVCs, reflecting the entire techno-
logical process, which is segmented and distributed across several
countries. Therefore, foreign MNEs’ production activities in simple and
complex GVCs reveal the direction, extent, and mechanisms of their
impact on the innovation performance of domestic firms.

As the GVC-OLI nexus must address the basic questions of the OLI
paradigm from the perspective of the GVC structure, this study examines
it by focusing on the internalization decisions of MNEs in simple and
complex GVCs. When the structure and processes of MNEs become
increasingly complex (Andrews et al., 2023), the “I” sub-paradigm of
OLI is a potent analytical tool to understand the organization of inter-
nalized activities and control of externalized relationships in complex
production networks (Rugman & Verbeke, 2003; Zeng et al., 2023).
Literature on the internalization theory highlights the trend of MNEs
shifting from vertical integration to network orchestration. This shift
enables MNEs to capture the location- and ownership-specific advan-
tages of domestic firms without direct equity controls (Scott-Kennel &
Enderwick, 2004; Asmussen et al., 2022). As efficiency is an axiom of the
internalization theory, MNEs optimize governance modes and exploit
position advantages to manage other economic actors and maximize
self-interest (Benito et al., 2019). To address the challenges associated
with GVC complexity, MNEs apply organizational mechanisms to con-
trol and coordinate cross-border production activities, including
centralization, standardization, socialization, and output-oriented
mechanisms (Zeng et al., 2023). Therefore, GVC complexity causes
variations in the internalization decisions of MNE:s for greater efficiency
because transaction costs, information codifiability, and the distribution
of risks and benefits are distinct, indicating that the overall structural
attributes of GVCs are intricately intertwined with the internalization
theory.

As a complex network phenomenon, GVC is analyzed from a social
network perspective. Assortativity and homophily are essential for
analyzing the formation and evolution of GVC production networks.
According to Pan et al. (2022), the former involves selective linking and
assortative mixing. MNEs with high connectivity prioritize local firms
with abundant connections. The latter pertains to a phenomenon in
which individual units form connections with others possessing similar
characteristics or a tendency for differences between them to diminish
over time after building connections. This may effectuate reinforced
connections within similar groups of MNEs and domestic firms and
diminish the transfer of information and resources between different
groups through segregation patterns (Currarini et al., 2009; Jackson
et al., 2017). Specifically, the potential positive spillovers from MNEs’
participation in complex GVCs to domestic firms are limited and subject
to several constraints. For example, complex GVCs are organized by
MNEs with similar technological advantages, impeding cooperation
between MNEs and domestic firms in host countries.

Previous research has concentrated on the knowledge and technol-
ogy spillovers from MNEs indicated by the OLI framework to investigate
the specific mechanisms by which MNEs influence domestic firms
(Ascani & Gagliardi, 2020; Paul & Feliciano-Cestero, 2021; Xiao & Tian,
2023). Fundamentally, MNEs collect fragmented advantages by exter-
nalizing certain production activities. First, the efficacy of spillovers for
domestic firms is contingent on their absorption capacity (Duan et al.,
2021; Jha et al., 2024; Moralles & Moreno, 2020), which is influenced
by external factors and is path dependent. Second, internal R&D inputs
are critical for promoting innovation performance and are the most
important means for accumulating unique advantages. Owing to the
demonstration and competition effects (Lu et al., 2017; Wu et al., 2023),
internal R&D inputs of domestic firms can be augmented or substituted
by the presence of MNEs. Finally, as GVC governance relationships are
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unstable (Ponte et al., 2019), it is important to determine whether MNEs
affect the resilience of domestic firms. MNEs may exhibit varying de-
grees of opportunism across diverse production contexts and affect do-
mestic firms’ export resilience to risk and disruption by integrating them
into globalized operations. In addition, existing literature proves that
the overall network perspective is crucial for understanding individual
strategies and diffusion of knowledge and risk (Jackson et al., 2017).
Therefore, this study investigates how MNEs’ participation in GVCs af-
fects domestic firms’ innovation performance through internal R&D,
absorption capacity, and export resilience, against the backdrop of GVC
complexity.

Viewing GVCs inside—out and outside-in: Effects of MNEs’ participation in
simple and complex GVCs

Following the above analysis, we construct an argument regarding
the association between MNEs’ participation in GVCs and domestic
firms’ innovation performance. MNEs reinforce the depth and
complexity of the host economies’ integration into GVCs through their
inherent links to production networks. GVC participation paths indicate
different levels of strategic coupling. In diverse industrial and com-
mercial contexts, MNEs coordinate global production, effecting asset
complementarity between them and domestic firms. The upstream and
downstream production stages exhibit distinct value-creation capabil-
ities. From an inside-out perspective, MNEs’ direct participation in
upstream production activities indicates control of downstream partic-
ipants. As downstream participants, they rely on intermediate inputs
from upstream GVC participants. The more upstream MNEs participate
in GVCs, the more imitation and competition they create among do-
mestic enterprises. In contrast, domestic firms have more opportunities
to accumulate complementary assets and cooperate with MNEs that
focus on downstream GVC production.

As GVC complexity is a critical factor affecting the dissemination of
risks, new ideas, products, and the impact of MNEs engaging in GVCs
varies between simple and complex GVCs. Unlike risk, which is un-
avoidable and can be intentionally transferred, knowledge transfer is
restricted and expensive. From an outside—in perspective, when complex
GVCs represent highly specialized divisions of labor, MNEs exploit low-
cost advantages in host countries such as labor, land, and natural re-
sources but do not source directly from local firms. This kind of frag-
mented production, which is different from local production and sales,
facilitates economies of scale for specific production stages in host
economies and provides optimal production arrangements for MNEs at a
global level. Given the high technological intensity inherent in complex
GVCs, MNEs’ participation in international specialization poses chal-
lenges for domestic firms in emerging economies. This is because of
strict selection criteria, which favor only domestic firms possessing
advanced technologies. Thus, emerging economies have comparative
advantages in simple GVCs, providing opportunities for collaboration
between MNEs and domestic enterprises. Thus, we hypothesize the
following:

Hla. The greater the upstream participation of MNEs in GVCs, the
more negative the effect on domestic firms’ innovation performance.
Therefore, the positive impact of MNEs’ participation in GVCs is
generated through downstream participation.

H1b. The positive impact of the downstream participation of MNEs in
GVCs mainly occurs in simple GVCs.

Internal R&D and absorption capacity of domestic firms

MNEs progressively shift their global strategic paradigm from ver-
tical integration to interorganizational relationships and networks to
maintain core assets, capabilities, and knowledge. Additionally, inter-
firm knowledge transfer and collaboration synergies have emerged
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(Andersson & Forsgren, 2000; Reilly & Sharkey Scott, 2014; Meyer et al.,
2020). The extent to which external spillovers benefit domestic firms
depends on their absorptive capacity. Generally, the adverse impact of
FDI on emerging economies arises from inadequate conditions to sup-
port absorption. However, external factors associated with MNEs also
influence their absorptive capacity.

The evolution of absorptive capacity is dependent on historical tra-
jectories and paths, entailing a trade-off between inward-looking vis-
a-vis outward-looking absorptive capability; an excessive dominance by
either of them can render an enterprise’s innovation system dysfunc-
tional (Cohen & Levinthal, 1990; Lewin et al., 2011; Crescenzi &
Gagliardi, 2018). In a firm, internal R&D generates new knowledge and
boosts the absorptive process (Hejazi et al., 2023), indicating the com-
plementary and substitutive dynamics between internal R&D and
external spillovers. As internal and external factors present appropriate
harmony, domestic firms can prevent innovative capabilities from being
eroded by external factors such as reliance on MNEs’ technology
transfer. Some scholars analyze the asymmetric properties of spillover
effects, revealing the importance of spillover directionality (Knott et al.,
2009). We posit that asymmetry is related to MNEs’ positions within
GVCs, which determine the power-dependence relationship and affect
the creation and appropriation of value in the entire production
network. As GVC orchestrators, MNEs create architectural advantages to
appropriately high levels of value without resorting to vertical integra-
tion (Jacobides et al., 2006) and utilize this power to access resources
that are beneficial for maintaining competitive advantage. Given the
ambiguity that whether MNEs generate positive spillovers (Alfaro, 2017;
Rojec & Knell, 2018), how MNEs participate in GVCs explicates this
ambiguity. We anticipate that the upstream GVC activities of MNEs are
mainly oriented toward market-seeking motivations, effecting less
co-specialization than the downstream GVC activities. Specifically, the
main directionality of spillovers in GVC production sharing is backward,
similar to previous research (Javorcik, 2004), which excludes the GVC
context.

From an internal perspective, R&D is a catalyst promoting a firm’s
quantity and quality of innovation. Focusing on the R&D-production
relationship, scholars uncover conflicting findings on the effects of
coupling and decoupling R&D and production (Buciuni & Finotto, 2016;
Buciuni & Pisano, 2021). The tendency to separate global R&D and
production activities varies according to their capabilities to manage
complex and geographically dispersed organizational structures
(Castellani & Lavoratori, 2020). Considering the fragmented nature of
GVCs, the separation of R&D and production takes precedence because
the focus is on accessing innovative concepts rather than possessing
them (Ambos et al., 2021). Specifically, MNEs’ participation in upstream
GVCs may substitute domestic firms’ innovation, whereas downstream
participation incurs MNEs’ input demands for local suppliers. Although
upstream GVC production activities make R&D a private good, sufficient
conditions for facilitating technology and knowledge transfers are
lacking. Moreover, domestic firms’ dependence on high-quality inputs
from MNEs, ceteris paribus, diminishes the marginal returns on inde-
pendent R&D. Similar to absorption capacity, how MNEs affect domestic
firms> R&D in complex GVCs is ambiguous, and domestic firms can
engage in basic R&D in simple value chains. Domestic firms engage in
complementary R&D activities to provide external technological op-
portunities. Therefore, marginal returns on domestic firms’ R&D in-
crease if MNEs participate in downstream production activities in simple
GVCs. Thus, we hypothesize the following:

H2a. The upstream participation of MNEs in GVCs negatively affects
the absorption capacity and internal R&D of domestic firms, negatively
affecting domestic firms’ innovation performance.

H2b. The negative effects of MNEs’ participation in GVCs on internal
R&D and absorption capacity of domestic firms occur primarily in
simple GVCs.
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Export resilience of domestic firms

Efficiency and resilience are interconnected as they represent com-
plementary facets for safeguarding firms’ competitive advantages and
capabilities to resist risks and disruptions. Under tremendous uncer-
tainty and instability (Martin et al., 2018), robust resilience helps firms
resist and quickly adjust to risks and disruptions. The trade-investment
nexus of GVCs is restructuring, effecting shifts in the geographical dis-
tribution of production stages and patterns of strategic coordination
among different actors (Gereffi, 2014). The strategic focus of MNEs on
network orchestration may indicate an increasing cost of transactions
for MNEs and other firms because of their decreasing control and
increasing ex ante uncertainty. Especially, the contract incompleteness
contributes to the sticky attribute of GVCs and makes participants in
GVCs vulnerable to risk and disruption (Antras, 2020) because of the
difficulty to establish credit. Acemoglu et al. (2007) examine the cor-
relation between contractual incompleteness, technological comple-
mentarity, and technology adoption. They suggest that heightened
contractual incompleteness causes the adoption of less advanced tech-
nologies and that this influence intensifies in cases where intermediate
inputs exhibit higher levels of complementarity.

Upstream and downstream participation in GVCs generates hetero-
geneous effects on domestic firms’ export resilience, as they represent
market- and resource-seeking activities, respectively, engendering
varying degrees of interdependence and technological complementarity.
With greater participation in upstream GVC segments, MNEs create
more added value and protect their core technologies through segre-
gation mechanisms. In addition, compared with downstream GVC
participation, upstream GVC participation signals less asset comple-
mentarity and greater power for strategic maneuvering. Considering
that the nature of the risk mentioned in the previous section differs from
that of knowledge and technology, the effect of MNEs’ participation in
simple and complex GVCs on domestic firms’ export resilience is sig-
nificant. In simple GVCs, once the comparative advantage of firms in
emerging countries surpasses that of domestic firms, MNEs can relocate
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their production operations. In complex GVCs, the increasing cost of
coordination is associated with increased contract incompleteness,
which negatively affects domestic firms’ export resilience. Hence, we
hypothesize the following:

H3a. The upstream participation of MNEs in GVCs negatively affects
domestic firms’ export resilience, negatively affecting domestic firms’
innovation performance.

H3b. The negative effect of MNEs’ participation in GVCs on domestic
firms’ export resilience occurs in both simple and complex GVCs.

Fig. 1 presents our conceptual model.
Methodology
Sample and data

This study focuses on China, the largest developing nation, that has
emerged as a new regional center within GVCs (Gao et al., 2021) and
plays a crucial role in complex GVCs. Significant inward foreign direct
investment (IFDI) facilitates China’s industrialization process, inte-
grating it into global production networks and international markets (Lu
et al., 2017). As the principal beneficiary of IFDI, the manufacturing
sector serves as a vital link between China and the global economy.

Our sample comprises 15 manufacturing industries for 2005-2015.
We select this period because of the availability of key data and ad-
vantages of industry-level aggregate data. The data for measuring
innovation performance and testing mechanisms are obtained from the
Statistics Yearbook on Science and Technology Activities of Industrial
Enterprises, which selects the category of domestic firms that we pri-
oritize during 2005-2015. The rationale behind employing industry-
level aggregate data on enterprises arises from their expansive statisti-
cal coverage, which encompasses both large-scale enterprises and small-
and medium-sized enterprises (SMEs). The data indicate that SMEs
constitute 70% of China’s technological innovation (Zhang et al., 2023).

Domestic firms’
internal R&D and
absorption capacity

&%Cﬁ

Outside-in:
GVC complexity

Inside-out:
MNEs’
participation

Hla & H1b

GVC

Domestic firms’
export resilience

%
\>

Domestic firms’
innovation performance

Qb‘b‘

Fig. 1. Conceptual framework.
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One limitation of this dataset is that the industry-level aggregate data
may lose some information about individual firms.

Traditional intercountry input-output (ICIO) tables provide a rela-
tively complete picture of GVC-related production activities compared
with firm-level data without reflecting the characteristics of heteroge-
neous firms (Fortanier et al., 2020). However, firm-level studies only
reflect the backward linkages of GVCs, that is, the purchases of inter-
mediate and final goods from abroad. Therefore, it is impossible to
further differentiate between firms’ purchases of foreign products for
domestic use and exports, resulting in the ratio of foreign value added to
exports being greater than 1. ICIO tables distinguishing domestic and
foreign firms at the industry level bridge the gap between micro- and
meso-data.

ICIO tables distinguishing domestic and foreign firms are sourced
from the OECD AMNE database. We consolidated C29 and C30 of the
analytical activity of multinational enterprises (AMNE) database to
address the inconsistencies in industry classification standards between
the different databases. Table A in Appendix presents an industrial
correspondence table and industry classification criteria. Data for the
control variables were obtained from China’s National Bureau of Sta-
tistics and China Industry Statistical Yearbook. Given that China’s Na-
tional Bureau of Statistics and China Industry Statistical Yearbook do not
provide a separate classification for domestic enterprises, we exclude
foreign-invested and Hong Kong-, Macao-, and Taiwan-invested indus-
trial enterprises.

Variables and measures

The dependent variable is the innovation performance of domestic
firms (Inn). We focus on new product development performance, which
directly reflects and sustains a firm’s innovation performance
(Subramanian & Vrande, 2019). This is calculated using the natural
logarithm of new product sales per unit of new product development
expenditure. In our robustness tests, we use the ratio of invention patent
applications to total patent applications as a measure of innovation
performance.

Our independent variable is the production position of MNEs within
GVCs (FGVC_PS), which measures and interprets the path of participa-
tion in GVCs. The higher the index, the more upstream the MNEs are in
GVCs. Conversely, the lower the index, the more downstream the MNEs
are in GVCs. Consistent with Koopman et al. (2010), we refer to
value-added exports based on forward linkages as upstream participa-
tion, and intermediate goods imports based on backward linkages as
downstream participation, which reflect the production stage at which
the participant is located. The GVC measurements are primarily based
on trade or production decomposition. The latter includes GDP
decomposition and final goods decomposition using forward and back-
ward linkages, respectively, which further measure the production
length and relative upstream position of GVCs. Regarding deeper
comprehension of the growing intricacy and refinement of production
networks, novel metrics that can capture the “length” of the connections
are necessary (Meng et al., 2020). According to previous research (Wang
et al., 2022, 2021, 2017), the positions of MNEs within GVCs based on
production length are calculated by disaggregating the distribution of
value addition across the entire GVC as follows:

Xv_.FGVC _ ViLLA*BY + V;LA*BBY

PLY_FGVC = - 2! 1
v V_FGVC V:LAEBY )

Xy_F LAEBY; + VLAEBBY;

pry FGve — Y-FGVC VL r + VIA'BEYy @
Y_FGVC VLAEBY;

and
PLy_FGVC

FGVC_PS = - 2= 7% ®3)

[PLy_FGVC]’
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FGVC_PS is the ratio of PLv_ FGVC to PLy FGVC, and PLv_FGVC is the
average forward production length from the MNEs’ production of in-
termediate goods to final production in other countries. V.FGVC repre-
sents the value added generated by MNEs through intermediary exports;
Xv FGVC is the aggregate output resulting from MNEs’ value added
through the exports of intermediate goods; PLy FGVC is the average
backward production length from foreign countries’ production of in-
termediate goods to the final production of MNEs in the host country;
Y FGVC is the foreign value added embodied in MNEs’ imports of in-
termediate goods; Xy FGVC denotes the output of final goods generated
by MNEs within the country, effectuating from the imports of foreign
intermediate goods.

Simple and complex GVCs exhibit different complexity levels. In
simple GVCs, domestic or foreign value added crosses national borders
only once. In complex GVCs, value added crosses national borders more
than twice. Therefore, the construct of GVC complexity depends on the
number of times the intermediate inputs cross national borders. The
more the times, the more specialized the global division of labor. The
dichotomy between simple and complex GVCs is based on the following
equation:

V;LA*BY = V;LAPLY" + V;LA*(BY — LY") )
V_FGVC_S = VyLAELY*, 5)
V_FGVC_C = V;LA*(BY — LY"), (6)
VLA*BY; = VLAPLYE + VLA® (BY; — LYE) @
Y_FGVC_S = VLAPLYE, ®)
and

Y_FGVC_C = VLAF(BY; — LYE). ©

V_FGVC_S is the domestic value added embodied in MNEs’ interme-
diate exports used by the directly importing country to produce products
consumed in domestic markets. V. FGVC _C is the domestic value added
embodied in MNEs’ intermediate exports, which are used by the directly
importing country to produce intermediate or final products. Y. FGVC_S
is the foreign value added that MNEs import directly from partner
countries to produce products for domestic consumption by host coun-
tries. Y. FGVC_C is the returned domestic value added or foreign value
added embodied in intermediate imports used by MNEs in host countries
to produce final products for domestic consumption or exports.

Therefore, the positions of the MNEs within the simple and complex
GVCs (FGVC_PS_S and FGVC _PS_C) is calculated as follows:

Xv_FGVC_.S _ Vi;LLA*LY" + V;LA*LLY"

PLY_FGVC_S = = mh : 10
v V_FGVC_.S VrLAELYL (10)
Xy FGVC.S  VLLAPLY: + VLAFLLYE
PLy_FGVC.S — ;’ FGG‘YCC SS _V Pt VALY an
FGVC. VLAELYE
PLV_FGVC.
FGVC_PS.S — w 12)
[PLy FGVC_S]
VsLLAE(BY — LY!) + V;LAE(BBY — LLY?
Ly FGve.c_ XY FGVCC _ Vs ( — )+ VeLAE( )7
V_FGVC.C VrLAE (BY—LYL)
(13)
Xy FGVC.C VLLAF(BY; —LY%) + VLA (BBY; — LLY:
pLy FGvC.c— Y FGVCC_VLLA®(BY; — LY;) + VLA®(BBY — LLY})

YFGVCC VLAE (BY; — LYE)

14)
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and
PLy_FGVC_C

FGVC.PS.C = - =% (15)
[PLy_FGVC_C|

The variables used to test the theoretical mechanisms are domestic
firms’ absorptive capacity, internal R&D, and export resilience. We use
the absorption cost, which is the ratio of technology absorption expen-
diture to technology introduction expenditure, as a proxy for absorptive
capacity. Higher values indicate a lower absorptive capacity. The
number of S&T institutions established by domestic firms is used as a
proxy variable for internal R&D. We construct an indicator of export
resilience based on the exogenous shocks caused by the 2008 financial
crisis (the sample period begins in 2009) measured as follows:

Export;; — EXport; so0s
Export; 2008

Resilience;;, = (12a)

We control for industry—firm- and industry-level factors that may
influence domestic firms’ innovation performance. At the industry—firm
level, we control for the effects of capital intensity, export ratio, tax li-
ability, and state capital share. At the industry level, we control for the
effect of industry scale. The details are as follows: Capital intensity (KI)
is the natural logarithm of the ratio of net fixed assets to the average
number of employees. Export ratio (ER) is the value of export deliveries
as a percentage of industrial sales. Tax liability (TL) is the sum of income
taxes as a percentage of total profits. State capital share (SC) is the share
of state and collective capital in paid-in capital. Industry scale (IS) is the
natural logarithm of the average number of employees.

Estimation method

We employed a panel data model to investigate the impact of MNEs’
participation in GVCs on domestic firms’ innovation performance
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Z; : denotes the set of control variables.

Empirical results
Main analysis

Table 1 presents the benchmark results and examines the impact of
MNESs’ participation in GVCs on domestic firms’ innovation performance
to test Hla and H1b. Columns (1)-(3) show the estimated results
without the control variables. With the addition of the control variables,
columns (4)-(6) indicate that the regression results are generally
consistent.

The more upstream MNEs participate in GVCs, the more negatively
they affect domestic firms’ innovation performance. When the GVC
index is larger, MNEs are closer to upstream GVC production.
Conversely, MNEs are closer to the downstream GVC production. Col-
umn (4) shows that for domestic firms’ innovation performance, the
coefficient of FGVC_PS is significantly negative at the 1% level. To
further distinguish simple and complex GVCs, columns (5) and (6)
present the impact of MNEs’ participation in simple and complex GVCs
on domestic firms’ performance. The coefficients of FGVC PSS and
FGVC_PS_C are significantly negative and nonsignificant, respectively,
indicating that MNEs affect domestic firms’ innovation performance
mainly through simple GVCs. Therefore, Hla and H1b are supported.

Robustness test

We conduct additional robustness tests for the findings presented in
the benchmark estimations; Tables 2 and 3 present the results. First, we
adopt alternate measures for the dependent and independent variables.
Specifically, the number of invention patent applications as a share of

because it can deal with data across industries and years by assuming Table 2 )
that heterogeneity exists between industries and years. The Hausman Robustness test (Indicator replacement and the PPML model).
test shows that a fixed-effects estimation is preferred for testing our Variable @ @3] 3) ()]
hypotheses (chi-squared = 17.62, P = 0.0138), which is conducive to FGVG_PS.TR _0.954% %%
eliminate unobservable heterogeneity that remains constant over time. 0.277)
To address the problem of heteroscedasticity, we use robust standard FGVCPS -0.443%
s . - - K (0.125)
errors for all estimations. Accordingly, the baseline model is as follows: FCVCPS S 0,442
Inn;, = ag + FGVC_PS;, + Ziy + 6; + @, + €uz, (13a) (0.120)
FGVC_PS_C 0.118
Inn;, = FGVC_S_PSi, + Zi¢ + 14 o1
nn;, = 0o + a1 S_PSir + Ly + 0i + @y + Eiys (14a) Constant -0.456% 9.107%%% 9,107 14795
(0.178) (0.237) (0.238) (0.267)
and Control Yes Yes Yes Yes
Industry Yes Yes Yes Yes
Inni, = ao + 1 FGVC_C_PS;; + Zi; + 6i + ¢, + i, (15a) Year Yes Yes Yes Yes
Wald Chi-squared - 50.39%** 51.81%** 46.08*
where the subscript i denotes the industry and t denotes the year. §; and Observations 165 165 165 165
@¢ represent the industry- and year-fixed effects, and ¢j; is the error term.
Table 1
Main analysis (Dependent variable: Innovation performance).
Variable 1) (2) 3) 4) (5) 6)
FGVC.PS -1.086% % -1.290% %
(0.364) (0.401)
FGVC_PS.S -1.053%%* -1.279%%*
(0.345) (0.381)
FGVC_PS.C 0.719 0.384
(0.566) (0.593)
Constant 3.608%** 3.587*** 1.924%** 5.687*** 5.735%** 3.831%**
(0.324) (0.309) (0.567) (0.701) (0.702) (0.838)
Control No No No Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Observations 165 165 165 165 165 165
Note: Robust standard errors are indicated in parentheses. *** p<0.01, ** p<0.05, and * p<0.1 (this applies to all tables in this study).
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Table 3
Robustness test (Endogeneity treatment).
Variable (€8] (2) 3) 4 5) (6)
FGVC_PS -1.598%** -2.493%**
(0.338) (0.602)
FGVCPS S -1.563%** -2.365%**
(0.344) (0.651)
FGVC PS C -0.589 -0.830
(0.590) (2.405)
Constant 5.928%** 5.965%** 4.993%** 7.732%%* 7.664%** 5.961%*
(0.713) (0.726) (0.952) (1.000) (1.057) (2.873)
Control Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Observations 150 150 150 150 150 150

the total patent applications is adopted to measure domestic firms’
innovation performance, and the trade decomposition approach (Wang
et al., 2013; Wang et al., 2021) is applied to calculate MNEs’ partici-
pation in GVCs. Given the limitations of the trade decomposition
approach, we cannot distinguish between simple and complex GVCs.
The estimated results are presented in column (1) (Table 2).

Second, we use the Poisson pseudo-maximum likelihood (PPML)
model for regression. Given that the left-truncated data in the indicator
of innovation performance in the benchmark regression is greater than
zero, and E[In(Y)]#In[E(Y)] may be true because of the logarithmic
operation, the PPML model can solve the above problems. The regres-
sion results are presented in columns (2)-(4) (Table 2).

Third, we exclude reverse causality, which causes endogeneity, by
lagging the independent variables and all control variables in columns
(1)-(3) (Table 3). Additionally, we use the one-period lag of the core
explanatory variable as an instrumental variable in columns (4)-(6)
(Table 3). Considering endogeneity, the regression results show that the
coefficient of the core explanatory variable is still robustly negative and
increases significantly in absolute terms compared with the baseline
regression. The negative effect of MNEs’ positions within GVCs on do-
mestic firms’ innovation performance is underestimated if endogeneity
is not controlled. To ensure the reasonableness of the selected instru-
mental variable, we conduct a weak identification test. The reported
significance (p-value) of the instrumental variables in the first stage is
significantly less than 1%, indicating that the problem of weak instru-
mental variables is obscure in our regressions.

Heterogeneity analysis

To investigate whether firm heterogeneity exists in the impact of
MNEs’ participation in GVCs on domestic firms’ innovation perfor-
mance, we perform heterogeneity tests according to domestic firms’
R&D intensity and RCA. Specifically, this analysis is based on the 50%
quantiles of each variable. In each test, we distinguish between simple

and complex GVCs.

In Table 4, columns (1)—(3) show that the coefficient of FGVC PS_C is
positive at the 5% significance level, whereas the coefficients of
FGVC_PS and FGVC_PS_S are nonsignificant. Columns (4)-(6) indicate
that the coefficients of FGVC_PS, FGVC PS_S, and FGVC_PS_C are nega-
tive and statistically significant. We find that the negative effect of
MNEs’ participation in upstream GVCs mainly affects domestic firms
with high R&D intensity, whereas MNEs’ participation in complex up-
stream GVCs generates a positive impact. As domestic firms face diffi-
culties in complex GVCs owing to technological barriers, MNEs generate
demonstration effects. However, MNEs’ participation in upstream GVCs
causes domestic firms to rely on MNEs and substitute them for inde-
pendent R&D.

In Table 5, columns (1)—(3) show that the coefficients of FGVC_PS
and FGVC_PS_S are negative at the 5% significance level, whereas the
coefficient of FGVC_PS_C is positive at the 10% significance level. Col-
umns (4)-(6) show that the coefficients of FGVC_PS, FGVC_PS_S, and
FGVC_PS_C are negative and statistically significant. Similarly, MNEs’
participation in upstream complex GVCs benefits domestic firms char-
acterized by low RCA to some extent, whereas domestic firms charac-
terized by high RCA are negatively affected by MNEs’ upstream
participation in GVCs. Considering Tables 4 and 5, domestic firms with
low R&D intensity and RCA do not benefit from complex GVCs orga-
nized and dominated by MNEs through backward linkages, as complex
GVCs are characterized by high barriers to entry.

This section reveals that firm heterogeneity is important in deter-
mining whether the impact is significant by incorporating the di-
chotomy of simple and complex GVCs, although the regression results
for complex GVCs are uncertain in the main analysis.

Mechanism identification

This study specifies the theoretical mechanisms through which
MNEs’ participation in GVCs affects domestic firms’ innovation

Table 4
Heterogeneity analysis (R&D intensity).
Low R&D High R&D
Variable @™ 2) 3) @ %) (6)
FGVC_PS -1.148 -1.971 %%+
(0.742) (0.611)
FGVC_PS S -1.102 -1.879%**
(0.734) (0.558)
FGVCPS C 1.706* -1.434%*
(0.740) (0.601)
Constant 7.236%** 7.233% 3.398* 5.962%** 5.965%** 5.617%**
(1.688) (1.702) (1.413) (1.231) (1.215) (1.350)
Control Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Observations 82 82 82 83 83 83
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Table 5
Heterogeneity analysis (RCA).
Low RCA High RCA
Variable ) @) (€)) &) 5) 6)
FGVC_PS -1.071%* -2.089%*
(0.534) (0.872)
FGVC PSS -1.056** -2.037**
(0.503) (0.854)
FGVC_PS.C 1.206* -1.334%
(0.688) (0.738)
Constant 6.212% %% 6.263%%* 3.246%* 7.374%%% 7.353% %% 6.902%
(1.485) (1.499) (1.405) (1.191) (1.207) 1.221)
Control Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Observations 83 83 83 82 82 82
performance and shows that domestic firms’ absorptive capacity, in- Table 7
ternal R&D, and export resilience are the key variables behind these ab’e X .
. . . e . . . . Mechanism test (Export resilience).
mechanisms. The mechanism identification technique used in this study
focuses on the causality between the core explanatory and mediating Export resilience
variables when the impact of the mediating variable on the dependent Variable @ @) ®)
variable is direct and evident. FGVC.PS 2.075%*
Table 6 examines the impact of MNEs’ participation on domestic (0.992)
firms’ absorption capacity and internal R&D. As we use absorptive cost FGVC_PS_S -1.963**
to measure absorptive capacity, an increase in absorptive cost indicates [ (0.957) -
a decrease in absorptive capacity. Innovation performance is negatively - il. 000)
affected when absorptive costs increase. Without distinguishing be- Constant 0.339 0.265 0.918
tween simple and complex GVCs, column (1) shows that the coefficient (1.569) (1.559) (1.704)
of FGVC_PS is positive at the 1% significance level for domestic firms’ Control Yes Yes Yes
absorption capacity, whereas column (4) shows that the coefficient of I}'}d”my zes ;{es ies
. . . . . . 5 s ear es es es
FGVC _PS is negative at the significance level for domestic firms’ internal Observations 105 105 105

R&D. To further distinguish between simple and complex GVCs, col-
umns (2) and (3) show that only the coefficient of FGVC PSS is signif-
icantly negative for domestic firms’ absorption capacity, whereas
columns (5) and (6) show that only the coefficient of FGVC PSS is
significantly negative for domestic firms’ internal R&D. Therefore, H2a
and H2b are supported.

Table 7 shows the impact of MNEs’ participation in GVCs on do-
mestic firms’ export resilience. Column (1) shows that the coefficient of
FGVC_PS is significantly negative for domestic firms’ export resilience.
To further distinguish between simple and complex GVCs, columns (2)
and (3) show that the coefficients of FGVC_PS_S and FGVC_PS_S are both
negative at the 1% significance level for domestic firms’ export resil-
ience. Therefore, H3a and H3b are supported.

In summary, the dichotomy between simple and complex GVCs is
important, revealing that the roles of absorptive capacity and internal
R&D in the relevant mechanisms are ambiguous if GVCs are highly
complex, whereas the role of export resilience is clear. Specifically, an
increase in GVC complexity insulates the flow of knowledge and

Table 6
Mechanism test (Absorption capacity and internal R&D).

technology and is inconducive to mitigate the dissemination process of
risk and disruption. In brief, the positive spillovers generated by MNEs
are obscure in complex GVCs, and the negative effects on export resil-
ience are evident.

Discussion
Results

This study demonstrates that MNEs’ downstream rather than up-
stream participation in GVCs is the main way to generate positive effects
on domestic firms. This is similar to the findings of Javorcik (2004) and
Lu et al. (2017). They observe that backward FDI positively affects do-
mestic firms. This study shifts from the quantity and quality of FDI to the
production activities related to FDI, especially the GVC production ac-
tivities of MNEs.

Absorption capacity

Internal R&D

Variable (€3] ) 3 “@ ®) (6)
FGVC_PS 2.335%* -0.988**

(0.910) (0.463)
FGVC PSS 2.253** -0.992%*

(0.914) (0.462)
FGVC_PS.C -0.705 0.447
(1.045) (0.497)

Constant 0.608 0.590 3.978* 0.355 0.405 -1.259*

(1.927) (1.962) (2.068) (0.605) (0.623) (0.723)
Control Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Observations 165 165 165 165 165 165
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To reveal how MNEs’ participation in GVCs affects domestic inno-
vation, we consider domestic firms’ absorption capacity, internal R&D,
and export resilience as the mediating variables. Hla and H1b propose
that MNEs” downstream participation in simple GVCs positively affects
domestic firms’ innovation performance. This reflects an analysis of
MNEs’ complex structures and processes highlighted by Andrews et al.
(2023). Moreover, this is consistent with Gao et al. (2021), who show
that China’s domestic firms play an active role in simple GVCs, whereas
MNEs from developed countries dominate complex GVCs, indicating
significance.

According to H2a and H2b, the more upstream MNEs participate in
GVCs, the more negatively they affect domestic firms’ absorption ca-
pacity and internal R&D; these relationships are significant for simple
GVCs. As in previous studies such as Zhang et al. (2010), greater ab-
sorption capacity facilitates the utilization of technologies and man-
agement practices adduced by foreign MNEs. Berchicci (2013) asserts
that firms can maintain innovation performance if they retain a certain
level of internal R&D activity.

H3a and H3b indicate that the more upstream MNEs participate in
GVCs, the more negatively they affect domestic firms’ export resilience;
this relationship is significant for both simple and complex GVCs.
Therefore, comprehensively considering all the results, GVC complexity
is inconducive to FDI technology spillovers and poses a greater risk to
domestic firms. Gorodnichenko et al. (2020) identify positive spillovers
from FDI and trade to domestic firms’ technology and product
innovation.

Theoretical implications

This study reveals that the more upstream MNEs participate in GVCs,
the more negatively they affect domestic firms’ innovation performance.
This relationship mainly exists in simple GVCs. This study has several
important theoretical implications.

First, GVC-related production plays a vital role in exploring MNEs
and FDI. This study examines MNEs’ GVC participation and complexity.
This combination of inside-out and outside-in perspectives echoes the
findings of McWilliam et al. (2020) and Pananond et al. (2020). Both
focus on the GVC governance theory to reflect the outside-in perspective
by analyzing interfirm dyad relationships. The reason for this shift from
interfirm governance structures to intercountry industrial connections is
that the latter is a fundamental driver of MNEs entering host countries.
Second, how MNEs participate in GVCs is crucial to assess the impact of
FDI on domestic firms’ innovation. The FDI technology spillover is one
of the most important external factors affecting domestic firms’ inno-
vation. Thus, the production position of MNEs within simple and com-
plex GVCs determines the technological characteristics and extent of FDI
technology spillover to domestic firms. Finally, absorption capacity,
internal R&D, and export resilience are the important channels through
which MNEs affect domestic firms.

Practical implications

Based on these findings, we identify the practical implications
benefitting domestic Chinese firms’ innovation performance through
MNEs’ participation in GVCs. First, managers of domestic firms can
focus more on shifting from collaborating with MNEs in simple GVCs to
mastering core technologies and dominating complex GVCs. Although
domestic firms can expand their export scales through simple GVCs, the
opportunities to accumulate advanced technologies are limited. Second,
managers of domestic firms should consider absorption capacity, inter-
nal R&D, and export resilience, and the potential benefits and risks
related to simple and complex GVCs. Finally, policymakers in
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developing countries should consider the heterogeneous GVC-related
activities of MNEs. This affects how MNEs integrate domestic firms
into fragmented global production and their production positions within
the global division of labor.

Conclusions and limitations

This study examines the impact of MNEs’ participation in simple and
complex GVCs on domestic firms’ innovation performance. We conduct
an empirical analysis of Chinese manufacturing industries. The bench-
mark results indicate a negative relationship between MNEs’
upstreamness in GVCs and domestic firms’ innovation performance,
which also exists in simple GVCs. Heterogeneity tests indicate that R&D
intensity is an important factor in this relationship. Although nonsig-
nificant in the benchmark regressions, MNEs’ participation in complex
GVCs has the opposite effect on different samples of domestic firms. The
mechanism tests show that MNEs’ upstreamness in GVCs negatively
affects domestic firms’ innovation performance by negatively affecting
their absorption capacity, internal R&D, and export resilience.

This study makes several important theoretical contributions to the
existing literature. First, it highlights the research focus on MNEs’ GVC-
related production activities rather than the quantity and quality of FDI.
Second, it enriches the literature on firm innovation by analyzing how
MNESs’ participation in GVCs affects domestic firms’ innovation perfor-
mance. Finally, it provides important theoretical insights into the role of
domestic firms’ absorption capacity, internal R&D, and export resilience
in the channels through which MNEs affect domestic firms.

This study has some limitations that can be addressed in future
research. First, it examines MNEs’ GVC production activities from the
perspective of GVC production position, that is, upstream and down-
stream GVC participation. Future studies should explore other important
factors. For example, we recommend integrating interfirm governance
theory and GVC complexity embodied in intercountry industrial con-
nections. Second, developing countries are heterogeneous in many as-
pects (Estrin et al., 2018; Andrews & Meyer, 2023), indicating the need
for caution when generalizing this study’s results to other emerging
countries with specific conditions. Future studies should analyze mul-
tiple countries. Finally, our sample is limited to manufacturing in-
dustries because of data limitations, although the internationalization of
service industries is becoming important (Pisani & Ricart, 2016). Future
research should investigate how MNEs organize their service industries
and collaborate with domestic firms in developing countries.
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Appendix

Table A
Industry classification in the AMNE database and China’s national standards.
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AMNE Industry China’s GB/T 4754-2002 China’s GB/T 4754-2011

C10T12 Food products, beverages, and tobacco C13-C16 C13-C16

C13T15 Textiles, wearing apparel, leather and related products C17-C19 C17-C19

Cl6 Wood and products of wood and cork C20 C20

C17T18 Paper products and printing C22-C23 C22-C23

C19 Coke and refined petroleum products C25 C25

C20T21 Chemicals and pharmaceutical products C26-C28 C26-C28

Cc22 Rubber and plastic products C29-C30 C29

c23 Other non-metallic mineral products C31 C30

C24 Basic metals C32-C33 C31-C32

C25 Fabricated metal products C34 C33

C26 Computer, electronic, and optical products C40-C41 C39-C40

Cc27 Electrical equipment C39 C38

c28 Machinery and equipment, nec C35-C36 C34-C35

C29 Motor vehicles, trailers, and semi-trailers C37 C36

C30 Other transport equipment C37 C37

C31T33 Other manufacturing; repair and installation of machinery and equipment C21; C24; C42 C21; C24; C41
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