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International R&D partnerships and intrafirm R&D-ma rketing-production integration

of manufacturing firms in emerging economies

Abstract

Although cross-functional integration is importémt research and development (R&D),
research about implications of cross-functionagnation has been rather sparse. In new
product development (NPD), no study to date hasmee&d intrafirm as well as interfirm
integration of key functions such as intrafirm R&marketing-production together with
interfirm integration of host R&D-partner R&D. Suaharketing and operations interface
contributes to a better understanding of how opmrat and marketing activities impact on
competitiveness and firm performance. This studlected data from 202 electronics
manufacturing firms operating in an emerging ecopamainland China and Hong Kong
with international R&D partnerships. The findingslicate that a high level of R&D
integration between firms improved NPD performawben cross-functional integration is
based on existing rather than new product configura and key technologies. Interestingly,
in high distance situations, cross-functional inéign in the production validation stage
generated NPD success. The findings show thatdnglitonmental uncertainties lead to a
high level of host and partner firms R&D integratidiowever, product newness has no

significant effects on R&D integration in any oEtNPD stages.

Keywords:NPD collaboration, Environmental uncertainty, Rraidhewness, R&D partners

distance, R&D experience.

Research Highlights
* We address a key interface of operations and miagket intra- and interfirm
integration of functions for NPD.

* We examine R&D integration between host and parto#aboration.
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Changing situational dimensions influences crosstional integration and new
product performance.
Varying the levels of integration across functiomgtrafirm and interfirm R&D

alliances can enhance NPD performance.



1. Introduction

In today’s globalized markets, one of the ways simaspond to competitive pressures is by
developing international research and developnR&D() partnerships, and strengthening
cross-functional integration (Song, Thieme, & Xi€98; Van Dierdonck & Miller, 1980). In
particular, firms in emerging markets increasiniglym R&D partnerships with foreign firms
to compete with established global firms and ga&w knowledge such as new technologies
and digitized product development processes. Veidrproliferation of new product
offerings, fast changing environments and shortgmeduct life cycles, knowledge of how
integration of key functions and stages of new pobdievelopment (NPD) in intra and
interfirm integration affect successful operatiovi determine a firm’s long-term
competitiveness (Verona, 1999; Holland, Gaston,&@s, 2000; Koufteros et al., 2002).
Operations research shows the importance of crosgibnal integration among
organizational functions in determining new prodoetformance (e.g., Harryson, 1997,
Ernst, Hoyer, & Riubsaamen, 2010). As global contipetintensifies, it is imperative for
firms operating in emerging economies (China, Brazd India) to improve operational
efficiency of functional interdependence in intradanterfirm R&D partnerships. Cross-
functional integration can help firms not only geate innovation but also reduce
inefficiency of information asymmetry as a resultesource and/or activity duplications
among functions and between firms. Yet, no reselaashexamined the impact of both intra

and interfirm integration activities on NPD perfante.

Previous studies mainly examined intra-firm intéiatand collaboration among
functions, e.g., marketing, logistics, R&D, finarened manufacturing (e.g., Joshi, 2010,
Kahn, & Mentzer, 1994; Maltz & Kohli, 2000). Howavé is important to examine intrafirm
integration across functions such as R&D-markepngduction together with interfirm

integration of host R&D-partner R&D’ (hereafter R&R&D’) because interfirm NPD
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collaboration can be affected by intrafirm crossefional integration (e.g., marketing-
manufacturing, R&D-marketing). Consideration oftbattra and interfirm integration can
provide new insights into functional interdependeand new product performance success
from operational as well as industrial marketingspectives. For instance, operational
demands of cross-functional activities combinedwitarketing’s emphases such as
environmental situations or situational dimensimasild provide a more complete picture
than separate treatment of either field of studynta and interfirm functional integration. In
NPD literature, situational dimensions include pichewness, physical distance, R&D
experience and environmental uncertainty (GriffitH&user, 1996; Song & Parry, 1997,
Song et al., 1998; Olson, Walker Jr., & RuekerQ2Qin, 2001; Lu & Yang, 2004). Since
differing situational dimensions would have diffierelegrees of impact on different types of
cross-functional integration and NPD stages, iitnigortant to understand appropriate levels
of functional integration especially for an intenfi NPD collaboration spanning diverse
geographical boundaries and market environmentspiethe increasing dominance of
major emerging economies in global manufacturirgrasearch has yet examined the above
gaps. Thus, in the context of China, the presemtysexamines: (1) whether more host R&D-
partner R&D’ integration during the NPD procesautes better NPD performance; (2) how
R&D integration across firms generate NPD succeseudifferent situational dimensions;
and (3) how R&D-marketing-production integratiortiim firm generates NPD success

under different situational dimensions.

2. Theory and Hypotheses

Cross-functional integration can be defined as atp@ral collaboration among intra and/or
interfirm functions such as NPD collaboration imte of information sharing and
cooperation involving resources across functiorg (Song & Parry, 1992, 1993; Gupta,

Raj, & Wilemon, 1985a & b, 1986; Song et al., 199Bunctional integration has been
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mainly examined through resource dependency th@deffer & Salancik, 1978) and
contingency theory (Lenz, 1980, 1981; Miller, 198@nkatraman, 1989). In terms of
resource dependency theory, interdependency exrstag coalitions for critical resources,
in this case between functions. For example, asefrsctional team comprises individuals
from different functions to apply different skills achieve common organizational objectives
such as common goals in collaborative NPD (Hollendl., 2000). Resource dependency
theory posits that interdependency of resourceapdbilities through integration enables
firms to better cope with their environment (Etti®95; Swink, 1999). Put simply, each firm
in NPD partnerships or each function in collaba@&atNPD shares and integrates critical
resources to successfully achieve common NPD obgsctHowever, the extent of
interdependence particularly at different NPD ssagay differ in terms of internal and
external resource differences and demands. ForgraR&D, marketing, and production
functions in an organization have different priestand educational backgrounds, which
may influence the outcome of their integration.ivatlial functions develop distinct skills,
resources, and professional capabilities whichrdezdependent across organizational
functions (Ruekert & Walker, 1987; Verona, 1999n8§& Swink, 2002; O’Leary-Kelly &
Flores, 2002; ShermaBerkowitz, & Souder2005). Thus, firms that integrate intra and/or
interfirm functions would have a better control pegternal jolts in the environment through

shared and integrated resources (Pfeffer & Salat6ik8).

A contingency theory suggests that cross-functioriagration among different
departments represents an important aspect of iaegemmal structure in terms of the types of
lateral relationships, and the degree of collabomnand participation that exists between the
different functions (Galbraith, 1973; Khandwall®7B). This is because empirical evidence
shows that the relationship between functionalgrggon and organizational performance is

moderated by a firm’s strategy and environment @ily-Kelly & Flores, 2002). As such,



the relevant contingency effects can lead to diffiefevels of integration that affect NPD
performance. Many firms are examining their prodietelopment practices and are
implementing approaches such as cross-functiotegiation that enable them to cope with
increasing uncertainty and equivocality (Koufteedsl., 2002). A contingency perspective
contends that improvement in NPD performance issimoply achieved by increasing the
level of integration under all circumstances, batld be contingent upon different situations
(Yap & Souder, 1994; Song et al., 1998; Shermaat. e£2005). For example, new products
are susceptible to a high environmental uncertdidtpber, O’Connell, & Cummings, 1975)
and increased integration may not always be baakta@overall performance (Adler, 1995).
Previous studies have shown that the relationsbiywden cross-functional integration and
NPD performance is moderated by certain situatidmaénsions, e.g., product newness (Jin,
2001; Song & Swink, 2002), company characterigfiéceeme, Song, & Shin, 2003; Lu &
Yang, 2004), and environmental uncertainties (Smontoya-Weiss, 2001; Lu & Yang,
2004); and in further specific relationships betwerss-functional integration in each NPD
stage and NPD performance (e.g. Song £1888; Olson, 2001; Song & Swink, 2002; Lu &
Yang, 2004). Thus, emerging economy contexts sschtarnational R&D partnerships in
China may influence situational dimensions andrte#ects on the specific cross-functional

integration and NPD performance.

< Take inTable 1: Common NPD Process in China’s electroniand/or high-technology

manufacturing industry>

It is possible to delineate four distinct NPD ss&geChina’s high-tech industries: the
initial stage, the engineering validation test (BVihe design validation test (DVT) stage,
and the production validation test (PVT) (see TdbleAlthough NPD process of
manufacturing industries in industrialized courdrmas been divided into five stages with

development, test and pilot run as a separate gtagie Lu, 2003; Lu & Yang, 2004), intense
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competition and lack of long-term R&D projects merging countries necessitate rapid

production test to capture market demands earbppsesed to implementing pilot run.

<Take inTable 2: A Review of Research on Cross-Functionahtegration>

In a review of past studies on the integrationrofpiction and marketing/sales decisions,
O’Leary-Kelly and Flores (2002) note that few enyal studies focused on the integration of
decision areas involving the production-marketimgiface. Although prior research
examined functional integration of R&D-marketingdgproduction-marketing (e.g., Van
Dierdonck & Miller, 1980; Song & Swink, 2002), reseh on the interface of host R&D-
partner R&D’ (R&D-R&D’) in NPD under different siational dimensions has been rather
sparse (see Table 2). As the relative importan@aoi functional specialist’s role such as
R&D can be interdependent and different betweendifOlson et al., 2001; Jin, 2001;
Verma & Sinha, 2002), R&D partnerships and intdgratvith other specialist functions such
as marketing and production may affect NPD perfarceaEmpirical evidence shows that
integration between partners in NPD collaboratian affect NPD performance (e.g. Sivadas

& Dwyer, 2000; Lichtenthaler & Lichtenthaler, 20(®ttlie & Pavlou, 2006).

In the R&D-marketing interface, different R&D praojs (situational dimensions) require
different actions being taken (structural / proagdissensions), which in turn affect firm
performance (e.g., Ruekert & Walker, 1987). Presearch on the types and levels of cross-
functional integration in each NPD stage producedmclusive results in terms of variation
of the influence of situational dimensions on tteges of NPD process. Brettel et al. (2011),
Swink and Song (2007), Gomes et al. (2003), Sodgsavink (2002), Olson et al. (2001) and
Song et al. (1998) have found both the same asasalbnflicting results for the integration
of NPD stages across functions. In a survey ofr@@6agers from a variety of industries

against five stages of NPD process, Song et a®8)18ave shown the impact of joint



involvement between divisions on NPD performancg bwpositive, not significant, or even
negative depending each NPD stage. Olson et &1j2tave arrived at relatively similar
conclusions from their survey of 34 projects inagedse array of industries, and examined the
impact of the level of cooperation between function NPD performance in two NPD
stages—the early stage for product conceptualizaial the later stage for physical
production. Brettel et als’ (2011) survey of 118DNprojects shows varying performance
implications of diverse types of cross-functiormdkgration in two NPD stages—the
development and commercialisation stages. Sinelsults were also observed in Swink and
Song (2007) and Song and Swink’s (2002) studieshvekamined the effect of cross-
functional integration across four NPD stages, @ndhes et als’ (2003) research which

examined the integration based on five NPD stages.

Some studies support early NPD involvement in margeproduction, R&D-production
in later NPD stages and R&D-marketing in all NPBgsis. In contrast, there is little
consensus about the integration of marketing-priooludn later NPD stages and R&D-
production in early NPD stages. Various studiesHaund different patterns and effects of
R&D-marketing, R&D-production, or marketing-prodigct integration under different
situational dimensions (e.g. Souder, Sherman, &®&woper, 1998; Olson et al., 2001,
Thieme et al., 2003; Lu & Yang, 2004; O’Leary-Ke#yFlores, 2002; Koufteros et al.,
2002). One possible explanation for the lack ofsemsus could be due to contextual
differences in a variety of industries or a portdalf selected industries and inconsistent
comparisons of NPD stages. In this instance, wdnnk and Song (2007) focus on business
analysis, technical development, product testirdy@oduct commercialisation stages of
NPD process, Gomes et al.’s (2003) research useslgwlifferent stages (or terminologies)
of NPD process such as concept generation andcpastiercialisation. In a further contrast,

Olson et als’ study (2001) only focuses on early kater NPD stages by classifying the



development, test, and mass production stageseastage. Thus, by examining the
integration of R&D partnerships (i.e., R&D-R&D’) aipst the influence of high or low
situational dimensions along four different NPDgets, this study adds to the body of
knowledge about R&D partnerships, and extends pesearch on R&D-marketing (Verma
& Sinha, 2002; Song & Thieme, 2006), and manufaatufproduction)-marketing interface
(e.g., Ruekert & Walker, 1987; Hausman, Montgomé&riRoth., 2002; O’Leary-Kelly &

Flores, 2002). The conceptual framework of thislgtis depicted in Figure 1.

<Take inFigure 1: Conceptual Framework>

2.1. Situational dimensions

2.1.1. The effect of situational dimensions ondibgree of interfirm R&D and intrafirm

R&D-marketing-production integration

It is likely that R&D personnel possess fewer ral@vexperiences in environment situations
of high product newness because of path dependerice long-term nature R&D
investment (Jin, 2001). In NPD project coordinatithe newer the product is to at least one
partner, the less familiar it is to the R&D perselhmesulting in greater interaction and
information exchange, i.e. integration betweenghkners. At the firm level, the physical
distance between functions has been found to ndisant barrier to cooperation. A high
distance between functions diminishes the commtinit®etween functions sharply, and the
guantity and quality of information exchanges ithbfmrmal and informal interactions
(Griffin & Hauser, 1996; Song, Neeley, & Zhao, 199den, 1997; Lu & Yang, 2004).
Distance can be a major barrier in internationaDR&artnerships with partners from
different companies based in different countridgh@ugh the distance between partners
increases the difficulty of interactions, it mag@become a motivation for the partners to

cooperate more with each other. Distance includésmly geographical, but also cultural,
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economical, and administrative distance (Ghema2@fil). For example, distance based on
cultural differences has been examined as nationgdnizational and professional cultural

differences (Sirmon & Lane, 2004).

In the initial stage of product development, R&Dtpars focus on generating new
product ideas. International R&D partners havednettcess to external knowledge from
exposure to complementary skills, novel ideas awl technologies than domestic R&D
partnerships (Rosenkopf & Almeida, 2003). This hatp firms to produce highly innovative
product ideas by exploring and exploiting new kredge for NPD. Previous research shows
that firms can access external knowledge througth-industry and inter-industry alliances
(Katila, 2002). Partnerships at the inter-indugtsel generate more innovative ideas and
creative outputs than intra-industry alliances @& & Swan, 1995). In international
markets, an existing product in one market canesprt a new product idea in another
market. As such, the distance of international R&itners requires a high degree of

interfirm R&D integration especially for incorpoitag a high degree of product newness.

Since one of the main objectives of later NPD stg§®/T, DVT and PVT) is to achieve
rapid commercialization by ensuring a product iscaahtely tested for mass production,
integration between R&D partners is especiallyi@ltfor a high degree of product newness
to reduce an equally high degree of uncertaintpdricular, R&D partners that integrate
early in the engineering and design validation pssccan eliminate delay time to market by
reducing potential occurrence of technical problemlater NPD stages (Olson, Walker Jr.,

& Ruekert, 1995; Sherman, Souder, & Jenssen, 200&kover, it can be argued R&D
personnel are in a better position to resolve ueetga problems for a high degree of product

newness than production personnel. Thus, it cénypethesized that:
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Hypothesis 1Product newness will be positively related todktained level of R&D-R&D’

integration in all NPD stages (i.e. initial, EVTVID, PVT).

Hypothesis 2The distance between two R&D partners will be sy related to the

attained level of R&D-R&D’ integration in all NPOages (i.e. initial, EVT, DVT, PVT).

The environmental uncertainty dimension comprigehrtical uncertainty and market
uncertainty (Boyd, Dess, & Rasheed, 1993). Techniceertainty includes technological
evolution, technology discontinuities, and a latkmowledge about exact means to
accomplish a project (Tushman & Rosenkopf, 1992ikdada & Montoya-Weiss, 2001).
Market uncertainty assesses a firm’s familiarityhna market, understanding of customers’
needs (Souder & Song, 1997), and comprehensiooropetitors’ strategies. Firms will face
a high level of difficulties in assessing the incplions of their present and future actions in a

very uncertain technical and market situations.

In a high environmental uncertainty, the role afss-functional integration in NPD is
more important than a low environmental uncerta{®tyuder et al., 1998). This is because of
a greater need of firms in highly uncertain envinemts than low environmental uncertainty
for interdependency across functional units toelaiormation, integrate expertise and use
other firms’ resources (Olson et al. 2011). Sinhylaiirms would be more conservative in
their allocation of scarce and critical internadaerces (Souder & Moneart, 1992; Pfeffer &
Salancik, 1973). Firms would avoid using critigalernal resources to make huge
investments but prefer to share risks in interfimoss-functional integration. This is
prevalent in biotechnology and electronic industglaracterized by high levels of
environmental uncertainty such as rapidly chang¢ggatnologies (Bucklin & Sengupta,
1993). Interfirm R&D integration would help firme tope with turbulent markets and better

able to serve changing customers in a timely manrars, firms in interfirm R&D
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integration will tend to use the R&D experienceht@ical expertise and resources of their
partners to enhance NPD performance under highh@aniental uncertainty situations.

Accordingly:

Hypothesis 3The environmental uncertainty between two R&Dipens will be positively
related to the attained level of R&D-R&D’ integmatiin all NPD stages (i.e. initial, EVT,

DVT, PVT).

Hypothesis 4The R&D experience of the two R&D partners will pasitively related to
their attained level of R&D-R&D’ integration in dNPD stages (i.e. initial, EVT, DVT,

PVT).

2.1.2. The effect of situational dimensions onstiecess of interfirm R&D-marketing-

production integration

It is argued that integration of R&D-R&D’ and R&Darketing-production against four NPD
stages (Initial, EVT, DVT, PVT) would lead to difemt NPD outcomes depending on the
situational dimensions. Olsat al.(2001) have studied the moderating effect of ptojec
innovativeness on the relationship between coojperggtterns and NPD performance. They
have examined marketing-production interface aed findings indicate that it is best to
allow R&D and marketing determine together the ratiskneeds and the basic technology
requirements in the early NPD stages of highly wative projects. Song and Swink (2002)
have examined the relationship between marketiogtmrtion integration against four NPD
stages and their impact on NPD performance foceddind incremental projects by
analyzing 467 high-tech projects. They have fourad integration efforts in the early and
commercialization stages are less effective on [Bfformance compared to other stages of
radical projects in contrast to the result of imeemtal projects. In testing R&D-marketing-

manufacturing integration, Brettel et al. (2011ydabserved the moderating effect of
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project innovativeness on NPD outcomes in termeffafiency but not effectiveness, which
has diminished significance from incremental tacaldNPD projects. In other words, R&D-
marketing and R&D-manufacturing integration of cadiinnovation have a positive
influence on project efficiency only in the commahzation stage but not in the
development stage. Gomes et al. (2003) have fcuatdriteraction may be beneficial for less
innovative new products while collaboration mayneeessary when developing highly new

products.

As noted previously, R&D-marketing-production intatjpon is vital for generating NPD
success at early NPD stages process to avoid tilistimaximization problems later in the
production process particularly for high producivness situations. At the PVT phase, R&D-
production integration can be used to identify madtechnical designs to fine-tune the
production process. The integration of R&D and retirig can help reduce conflicts of
unrealistic production expectations, which may delavelopment time of new products
(Calantone, Droge, & Vickery, 2002). In addition&B-marketing integration at early NPD
stages reduces costly redesign with a better utashelieg of operational designs against
industrial markets. In addition, interfirm R&D imgeation motivates the partner firms to work
collaboratively in the initial NPD stages as wellenables the integration of complementary
assets and competencies to develop and commeeciadiz products (Rothaermel & Deeds,
2004). The role of cross-functional integratiomag limited to R&D. For example,
production-marketing integration can reveal whethparticular pricing strategy (e.g. low
price) allows for sufficient margin to cover thebsequent production costs (Kahn &
McDonough, 1997). By and large cross-functionaggnation increases NPD performance
such as speed-to-market and quality of the endyatdtirough core competencies of other

firms. Thus, it can be hypothesized that:
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Hypothesis 5in high product newness situations, the pattefmsass-functional integration
will positively influence NPD performance for R&D&D’ integration in all NPD stages (i.e.

initial, EVT, DVT, PVT).

Hypothesis 6In high product newness situations, the pattefrtsoss-functional integration
will positively influence NPD performance for R&D-dketing-Production integration in the

initial and PVT stages.

Physical distance between project team memberbdeasshown as one of the key
reasons for reducing the quality and quantity ehownication and information exchange.
The lack of face-to-face communication due to thgspcal isolation has been suggested to
delay decision-making and lengthen the NPD pro¢eksserman et al., 2000; Griffin &
Hauser, 1996). However, recent research has dematetsthat face-to-face communication
has little effect on enhanced NPD performanceoltrast, it has shown that non face-to-face
communication forms, such as email communicatieags$ to both improved product
creativity and product development speed (Ganddalier, & Rindfleisch, 2005). As the
partner R&D" team only directly communicates whie host R&D team, not the marketing
and production divisions, the distance between R&afners may have minimal direct
impacts on the integration of other focal functioflse patterns of the integration between
R&D-marketing-production during the NPD processeaxpected to be consistent with both

Songet al. (1998) and Olson et al.’s (2001) findingsug, it can be hypothesized that:

Hypothesis 7in high partner distance situations, the pattefrigoss-functional integration
will positively influence NPD performance for R&D&D’ in all NPD stages (i.e. initial,

EVT, DVT, PVT).
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Hypothesis 8In high partner distance situations, the pattefngoss-functional integration
will positively influence NPD performance for R&Darketing-production’ integration in the

initial and PVT stages.

Most prior research suggests that NPD succesgimiyhiincertain environments can only
be achieved by greater R&D-marketing-productioegnation (O’Leary-Kelly & Flores,
2002; Gupta, Raj, & Wilemon, 1986; Song & Montoyae¥s, 2001; Fernandez, Del Rio,
Varela, & Bande, 2010). However, there are alsoesoomtradictory views in that under
uncertain environments where time to market is ligiglgnificant, cross-functional
integration can become a burden to the partiedwedgSouder et al., 1998). Griffin and
Hauser (1996) and Song et al. (1996) state thaiebsito cross-functional integration can
arise due to several reasons such as differenbmaises, ideologies, goal orientations,
cultures, languages and communication modes, ajahmational responsibilities of diverse
functional units. In the context of interfirm R&MDtegration, differences in organizational
cultures, orientations and goals can represemgrafisiant barrier to cooperation. These
contradictions increase the significance of theulision on whether the effectiveness of
integration mechanisms is contingent upon the stagevelopment and the type of
information that is most strongly needed (Soudévidenaert, 1992). For instance, Souder et
al. (1998) examine the interplay between uncemaintegration, and NPD effectiveness by
examining 101 NPD projects from US and UK high-téaoins. They note that under high
technology uncertainty, firms should pay extrardtta to prototype development
proficiency, while under high market uncertaintigeation should be focused on improving
product launch proficiency and market forecast emxyl Souder and Moenaert (1992) and
Khanna et al(1998) have argued that it is necessary for a tormeduce the negative impact
of environmental uncertainty to sustain its conmpetiadvantages. In a highly uncertain

environment, the R&D partners are expected to Iname frequent contact with each other
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for information exchange. Similarly, it is likeliat R&D-marketing-production integration
within a company is more intensive under high esrvinental turbulent or uncertain
situations. Given the unique capabilities of dieeitsnctional units, the integration across
R&D, marketing and production units will be an iitatle consequence of adapting to
dynamically changing and uncertain market enviroms¢e.g., Koufteros et al., 2002). Thus,

it can be hypothesized that:

Hypothesis 9in high environmental uncertainty, the patternsrofs-functional integration
will positively influence NPD performance for R&D&®’ integration in all NPD stages (i.e.

initial, EVT, DVT, PVT).

Hypothesis 10In high environmental uncertainty, the patterhsross-functional integration
will positively influence NPD performance for R&Darketing-production’s integration in

the initial and PVT stages.

Extant research has shown that R&D projects ofeamatie from planned objectives such
as unit cost, project cost, time-to-market and pobdeliability objectives (Dougherty, 1996;
Tatikonda & Rosenthal, 2000; Verma & Sinha, 2002k clear that R&D experience can be
crucial for NPD success especially for interfirm B&ollaboration. Although studies on
NPD alliances stress the importance of experieocBIPD success through prior knowledge
about technology and markets, (e.g., Bidault & Cung®, 1994, Link & Bauer, 1989;
Rindfleisch & Moorman, 2001), no study has yet exad interfirm R&D experience in
terms of its effects on different NPD stages irssrfunctional integration between functions.
In the strategic management literature, alliangeearnce has been shown to help firms
develop alliance capability and enhance alliancesss (Lyles, 1988; Simonin, 1997; Anand
& Khanna, 2000; Kale & Singh, 2007). This suggdistée R&D experience guides partners

toward common NPD performance objectives througbr pnowledge and experience on a
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variety of R&D integration issues such as drafleggal requirements, technology integration
process, joint research knowledge, etc. A highllef/&&D experience in NPD between
firms can give partnering firms greater flexibilitymanaging different NPD stages based on
past achievements. In manufacturing contextspawirth a high level of R&D experience
can improve its innovativeness based on prior kedgg of established routines to exploit
and develop new opportunities. Furthermore, garmwledge and experience of
expectations and challenges in different NPD stagashelp R&D-R&D’ collaboration
increase NPD success such as speed-to-marketeeffapordination and prior knowledge of

the sequence of NPD stages. Thus, it can be hygia#tethat:

Hypothesis 11In high R&D experience situations, the patterheross-functional
integration will positively influence NPD performeamfor R&D-R&D’ integration in all

NPD stages (i.e., initial, EVT, DVT, PVT).

Hypothesis 12In high R&D experience situations, the patterheross-functional
integration will positively influence NPD performamfor R&D-marketing-production’s

integration in the initial and PVT stages.

3. Methodology

3.1. Research context and data collection

In the context of China’s electronics manufactufings based in the Pearl River Delta, to a
large extent their success depends on a high ityesnanufacturing activity, and interfirm
NPD alliances (Eng & Spickett-Jones, 2009). Siheeliberalization of the Chinese
economy, local Chinese firms have increasingly gadan foreign R&D partnerships to
increase NPD and/or innovation performance. Sucb Ré&rtnerships are often motivated by

the objective of collaboration to acquire technadagknowledge and develop intellectual
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assets compared to typical collaborative arrangé&rammanufacturing firms in the United
States based mainly on mutual risk reduction (IR&)7). China’s electronics manufacturing
sectors have been a major contributor to the cgisngross domestic product. As one of the
largest markets in the world, China has been gfiafer manufacturing bases of large local
manufacturers and many foreign multinationals. Méisinese manufacturers are OEM
(Original Equipment Manufacturing) and/or ODM (Qnigl Design Manufacturing) rather
than OBM (Original Brand Manufacturing), which relg access to large markets and cost
advantages from large labor markets (Eng, 200@hdrcontext of NPD process, China’s
manufacturers would engage more in the testingdasayn and development, and

production stages than mass production and comatizetion stages of NPD (see Table 1).

The sampling frame comprised the official ChinaiBass Directory and Hong Kong
Business Directory focusing on independent manufacs at headquarters level, i.e., non-
subsidiaries or branches. The Hong Kong EconomicTaade Association (HKETA)
provided help in randomly selecting 1100 mainlamin@ and Hong Kong manufacturers
located in major industrial cities within the eleetics manufacturing industry. In particular,
only manufacturers engaged in foreign R&D collabioraor with overseas firms to develop
new products or technologies were considered. dtget respondents for the study were
project leaders, project managers, senior engiraet®ngineers meeting the following
criteria (R&D partnerships): (1) target responddrase five years or more experience of
product development, international R&D, internatibproject collaboration and/or project
management; (2) the manufacturer has R&D, marketimthproduction divisions; and (3) the
manufacturer either has international R&D partrers production collaboration with
international partners outside China. The final glamy frame of the study consisted of 731
firms. The study targeted two key informants focheirm to reduce the threat of common

method variance (Podsakoff, MacKenzie, Lee, & Pkdf§a2003). A comparison of the
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results of independent variables (cross-functiamalgration between functions) against the
dependent variable of NPD performance from thekepinformants indicates a relatively

strong correlation of = .53,p < .01 and thus, the common method variance is tiuteat.

The data collection exercise was implemented usisgrvey questionnaire designed to
meet the objectives of this study. After a pilatttef the questionnaire which involved 21
manufacturers and two academic peers, the numlzprestions was reduced from 108
survey items to 75 survey items. The items weretddland/or modified to increase
relevance for the study after careful consideratibthe feedback. In addition, the initial
version was too long and respondents were unwithnigllly complete the questionnaire. The
guestionnaire was translated into Chinese (Mang#&oilowing the back translation

procedure into English to ensure accuracy (Bridl#v0).

The study used both postal mail survey and elet®mail to known email addresses of
the target firms to increase response rate. Thalposil survey generated 264 (132) usable
responses and the email survey gathered 140 (@B)ausesponses after eliminating 23 sets
of incomplete questionnaires. The overall numbarsaible responses was 202 complete
cases or approximately 27 percent response ratedér to increase response rate, the study
employed a research assistant to contact respadedtgain cooperation through local
business associations. The total response wasebtafter two waves of mailing with an
interval of three weeks for non-respondents. NaiSant difference was found after
comparing the demographic profile of manufacturee,docation and industry sectors
between early and late respondents. Of the to@ah2énufacturers, 78 were from electronics
and computer sales, 65 from industrial and consueetronics and 59 from
telecommunications. The majority of manufactureesexsmall or medium in size (78%)
with fewer than 500 employees and annual reverargging from USD$8million to

USD$122million.
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Multiple-item measures were used in all the comssranchored on a five-point Likert
scale, ranging from “strongly disagree” (1) to tstgly agree” (5) except for two questions
based on categorical answers. Please refer to bdblea summary of the measurement scale
items and their sources. Most of the scale item#i® constructs were validated in previous
studies except for the R&D partner distance constihich has been adapted for the

purpose of this study.

3.2. Measure reliability and validity

<Take inTable 3: Correlation Matrix >

Prior to testing the hypotheses, reliability antidry of the measures were examined for
unidimensionality, reliability and validity. Altha@h most of the scales were validated in past
studies, principal component factor analysis wahmax rotation was applied to purify the
measures and identify their dimensionality. Itertettal correlation and internal consistency
analysis were used to examine the reliability ahe@ctor. Table 3 shows correlation matrix
of the constructs. Composite reliability valuesresent the shared variance among a set of
observed variables that measure an underlying manigEornell & Larcker, 1981). As
shown in Table 4, composite reliability for eachtod constructs met the minimum criterion
of 0.6 to be considered desirable (Bagozzi & Yi88,9. 82). Apart from the environmental
uncertainty construct, all the coefficient alphéues exceeded the threshold value of 0.7
recommended by Nunnally (1978). This suggeststh®ae is a reasonable degree of internal
consistency between the corresponding indicataredoh of the constructs. Item analysis of
the environmental uncertainty identified two itemh low item-to-total correlations: “It
was hard to know customers’ needs” and “There ameyncompetitors in this industry”.
Excluding these two items from the analysis imprbeeefficient alpha to 0.74. There is also

support for convergent validity by all the factoatlings being significant at the 0.001 level
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(Bagozzi, Yi, & Phillips, 1991). The final measurem results for the scales together with a

correlation matrix are shown in Table 3.

<Take inTable 4: Results of reliability and factor analysis>

All the scales were then subjected to confirmatacyor analysis to assess
unidimensionality. Measures of overall fit evaluatav well the confirmatory factor analysis
model reproduces the observed variables’ covarieratex. The results of Chi Square fi:
=249.71; d.f. = 130p = 0.06; fit indices of the goodness-of-fit index ((66.95 and
adjusted goodness-of-fit index (AGFI) 0.96 are abaminimum value of 0.9 to be
considered acceptable (Bagozzi & Yi, 1988). Thees#imeshold value can be applied to the
comparative fit index (CFI) 0.98, an incrementaliridex suggested by Bentler (1990). The
root mean squared error of approximation (RMSEA)ea&f 0.052 is a fit measure based on
the concept of noncentrality (Steiger, 1990). RMSEAIes up to 0.08 are usually
considered to indicate reasonable model fit (Bro&r@udeck, 1993). These criteria were
met in the CFA model, which suggests acceptabledenf fit with items loading

significantly onto their designated factors.

Discriminant validity also was supported when sigaint decreases iy were observed
for the unconstrained model in every case, and nbtiee value of the confidence intervals
had a value of ong(< .001). This analysis involved comparing the elation of a pair of
latent variables: one was set at unity and anathehich the correlation was free to vary
(Fornell & Larcker, 1981). The results suggest thatonstrained models fit the data better

than constrained models.

3.3. Hypothesis testing
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The procedure for testing the hypotheses invol¢Edmultiple regression to examine the
influence of situational dimensions on cross-fumdil integration in NPD stages; and (2)
cluster analysis to separate low partner distarcoe high partner distance groups before
performing stepwise regression to examine the emfte of situational dimensions on the
patterns of cross-functional integration in obtagha higher NPD performance. This
statistical technique produces a parsimonious maslélincludes only those variables that

significantly contribute to the variance.

In testing hypotheses H1, H2, H3 and H4 the foltayunultiple OLS regression model

was applied to the data:

Y1=B1 +B> PNE +B3RDE +B4 DIS +3,ENU +¢

Where Y, is the level of integration in a certain stage,

PNE is the level of product newness,

RDE is the level of R&D experience,

DIS is the distance between partner companies,

ENU is the level of environmental uneaéarty.

It was tested four times on the dependent varialfiésR (i.e. R&D-R&D’ integration in the
Initial stage), EVR (i.e. R&D-R&D’ integration irhe Engineering Validation Test stage),
DVR (i.e. R&D-R&D’ integration in the Design Validian Test stage), and PVR (i.e. R&D-

R&D’ integration in the Production Validation Testge), separately (see Table 5).

<Take inTable 5: Multiple regression results of situationaldimensions and R&D-R&D’

integration>

4. Data Analysis and Results
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Table 5 shows the four situational dimensions Feajently significant effect upon the
R&D-R&D’ integration in all of the four stages: Mebl1 (R=0.228, F=6.731, P<0.01),
Model 2 (R=0.184, F=5.396, P<0.01), Model 3°é®.180, F=4.709, P<0.01), and Model 4
(R*=0.078, F=2.091, P<0.1). The findings showed thaftroduct newness has positive but
insignificant correlation coefficients in all ofgHour models with an exception of PVR
(Production Validation Test) stage in which it laasegative but insignificant effect on R&D-
R&D’ integration. These findings indicate that fr®duct newness has no significant effects
on the level of R&D-R&D’ integration in any of ti¢PD stages. Therefore, H1 is not
supported. The partner distance has significantipesorrelation coefficients in all of the
four models: Model 14=0.327, t=3.810, P<0.01), Model @90.340, t=3.461, P<0.01),
Model 3 3=0.402, t=3.705, P<0.01), and Modelp40.376, t=2.821, P<0.01). The results
indicate that the partner distance has signifiefieicts on R&D-R&D’ integration in the
Initial, EVT, DVT, and PVT stages. Thus, H2 is fulupported. The environmental
uncertainty is only significant in Model g<£ 0.299, t=3.610, P<0.01), indicating that in the
Initial stage, higher environmental uncertaintiesd to greater R&D-R&D’ integration.
However, in EVT and DVT stages, the effect is nghsicant, though a negative correlation
coefficient is found in the PVT stage. Therefor8, isl partially supported. The R&D
experience has negative correlation coefficientdliof the four models, and it is significant
in Model 2 8=-0.216, t= -2.321, P<0.05) and Model3- (0.202, t= -2.301, P<0.05),
indicating the R&D experience has a significantatag effect on the level of R&D-R&D’
integration in EVT (Engineering Validation Test)daDVT (Design Validation Test) stages.

As a result, we reject H4.
<Take inTable 6: Stepwise regression results of high andioproduct newness groups

To examine the influence of situational dimensionghe hypothesized relationships (H5

to H12) between cross-functional integration andNferformance, cluster analysis was
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applied to separate high from low groups of prodestness, partner distance, environmental
uncertainty and R&D experience. The influence ghhproduct newness (and partner
distance, environmental uncertainty, R&D experi¢megsus low product newness (and
partner distance, environmental uncertainty, R&Perience) on NPD performance was
analyzed following Song et.g1998) and Olson et al.’s (2001) analytical praced of K-

means cluster analysis and stepwise regressiopsaal

The K-means cluster analysis identified (a) 13@&sass having ‘high product newness’
and 66 cases as having ‘low product newness’; §lages as having ‘high R&D experience’
and 153 cases as having ‘low R&D experience’; &rases as having ‘high partner
distance’ and 144 cases as having ‘low partneawnist’; and (d) 96 cases as having ‘high
environmental uncertainty’ and 106 cases as hdlomgenvironmental uncertainty’. These

homogeneous groups of high versus low allowed tiag¢yais to compute two models for

each situational dimension giving a total of sixdels (see Table 6).

In the high product newness group (Model 5), tlseilteshows two variables having
significant positive effects on NPD performancetlare INC (cross-functional R&D-
marketing-production integration within companytie Initial stage)[{=0.328, t=2.817,
P<0.01) and EVR (R&D-R&D'’ integration in the Engareng Validation Test stage)
(p=0.529, t=3.891, P<0.01). In the low product newrgg®up (Model 6), the result also
shows two variables have significant positive éfean NPD performance. They are INR
(R&D-R&D’ integration in the Initial stagepE0.395, t=4.291, P<0.01) and PVC (cross-
functional R&D-marketing-production integration th company in the Production
Validation Test stagep€0.618, t=4.710, P<0.01). These results provideessupport H5

while H6 is supported regardless of the low or pgbduct newness.

25



In the high partner distance group (Model 7), #suit shows two variables having a
significant positive effect on NPD performance. Ylaee PVR (R&D-R&D’ integration in
the Production Validation Test stagf¥0.469, t=4.450, P<0.01) and PVC (cross-functional
R&D-marketing-production integration within compaimythe Production Validation Test
stage) $=0.497, t=5.109, P<0.01). In the low partner diseagroup (Model 8), the result
shows three variables having a significant posiffect on NPD performance. They are INR
(R&D-R&D’ integration in the Initial stage)3E0.347, t=2.680, P<0.05), DVP (R&D-
production integration in the Design Validation Tstsge) f=0.432, t=2.853, P<0.01), and
PVR (R&D-R&D’ integration in the Production Validah Test stage)30.389, t=3.582,
P<0.01). In the high partner distance group, tseltes consistent with the hypothesis that in
the PVT (Production Validation Test) stage, R&D-Ré&mtegration has significant effects
on NPD performance€0.469, t=4.450, P<0.05). However, there is no eicglievidence
on the positive effect of R&D-R&D’ integration ihe Initial, EVT and DVT stages on NPD
performance in high partner distance situationgrétore, H7 is partially supported.
Similarly, since R&D-marketing-production integiati within company has significant
effect on NPD only in the PVT stagg=0.497, t=5.109, P<0.05) but not in the Initialgga

H8 is partially supported.

In the high environmental uncertainty group (Moflglthe result shows two variables
having a significant positive effect on NPD perfamoe, they are INC (cross-functional
R&D-marketing-production integration within compaimythe Initial stage)f=0.418,
t=3.471, P<0.05) and PVR (R&D-R&D’ integration imet Production Validation Test stage)
(p=0.412, t=4.918, P<0.05). In the low environmentatertainty (Model 10), the result
shows also two variables having a significant pesieffects on NPD performance, they are
INC (cross-functional R&D-marketing-production igtation within company in the Initial

stage) =0.418, t=3.482, P<0.05) and EVR (R&D-R&D’ integoett in the Engineering
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Validation Test stagep€0.726, t=5.387, P<0.05). These results partialpypsrt H9 and

H10.

Finally, in the high R&D experience group (Model lthe result shows only one variable,
INC (cross-functional R&D-marketing-production igtation within company in the Initial
stage) $=0.663, t=3.579, P<0.05), has significant posigffects on NPD performance. In
the low R&D experience group (Model 12), the ressliow three variables having
significant positive effects on NPD performanceeylare INR (i.e., R&D-R&D’ integration
in the Initial stage)=0.248, t=2.271, P<0.05), EVR (R&D-R&D’ integratiamthe
Engineering Validation Test stag@F0.358, t=3.591, P<0.05), and PVC (cross-functional
R&D-marketing-production integration within compaimythe Production Validation Test
stage) =0.435, t=5.290, P<0.05). Thus, with low R&D expege, the integration between
host R&D-partner R&D’ has significant effects on Dlperformance in all NPD stages
except Production Validation Test (PVT) stage. Hosvesince we could not observe any
significant effect of high R&D experience situatsoon NPD success of interfirm R&D
integration, we rejected H11. As we only observ&DNsuccess of R&D-marketing-

production integration in the Initial stage, we kcbpartially support H12.

5. Discussion

5.1. Implications for theory and research

The role of situational dimensions in R&D-R&D’ imgpeation needs to be examined against
relevant NPD stages. The partner distance has t¢isé salient effect on NPD performance
between host R&D-partner R&D’ integration. The le0ER&D experience has a significant
negative effect on R&D-R&D’ integration except metInitial stage and Production
Validation stage. Indeed, R&D-R&D’ integration istrrelated to NPD success when firms

have high R&D experience. This is because allimuneess may rely on previous alliance
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experience (e.g., Simonin, 1997; Barkema, Shekemnéulen, & Bell 1997; Anand &
Khanna, 2000). Furthermore, by focusing on gengxdéiarning of new knowledge rather
than routine-based learning (experience), R&D-R&idégration may increase NPD success

(Eisenhardt and Matrtin, 2000).

It is important to consider intrafirm integratioarass multiple functions namely R&D-
marketing-production in the context of R&D partrieps. For instance, the effect of
environmental uncertainty on NPD performance may aadifferent NPD stages depending
on types of cross-functional integration. In thisdy, environmental uncertainty is significant
in the Initial stage of cross functional integratwithin the firm but it is insignificant in the

other stages.

In a high product newness group, R&D-marketing-piatthn integration in the Initial
Stage is crucial to NPD performance, but for R&D{R&ntegration only the Engineering
Validation Test Stage is significant. In a low puctinewness group, NPD performance is
positively influenced by the integration betweenRgartners in the Initial stage, and
between functions within the company in the Prodtadtdation Test stage. However,
product newness does not have any significantenftes on host and partner R&D
integration. This is because Chinese manufactdning may rely on a low cost strategy
rather than on invention of new products compaoeadll-established industrialized nations
such as the US and the UK. Future research coalohiere the nature of R&D partnerships of
Chinese manufacturing firms with international pars to determine types of product

differentiation and differences between partners.

When the distance between two R&D partners is laggeater integration in the Product
Validation Test stage within the company and R&DiR&s the key to higher NPD

performance. In contrast, when the distance betweerR&D partners is not large, the
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integration between R&D partners in the InitialggaProduct Validation Test stage, and
between R&D-production functions in the Design Wation Test stage is crucial for NPD
performance. This provides support for the imparéanf cooperation between distant
partnering firms in NPD alliances for high-tech aminplex products (Miotti & Sachwald,
2003), though the relationship between marketiragpction would need to be examined in
further research. In a high environmental uncetyaen greater integration between functions
within the company in the Initial stage and betwB&D partners in the Product Validation
Test stage are most crucial to the NPD performafoepared to a low environmental
uncertainty, the integration between functions imitncompany in the Initial stage, and
between R&D partners in the Engineering Validafl@st stage is most significant for NPD
performance. As such, it is important to distingutise levels between intrafirm from
interfirm integration in R&D partnerships for NPBowever, further research might identify
more specific situational dimensions, e.g., ‘busseulture’, ‘risk behavior’. The overall
result is consistent with Cooper’s (1983) clasatien that new product success is largely
determined by the way a firm conceives, develogscammercializes the new product, and
the level of cross-functional integration shouldrespond to different situations (Yap &
Souder, 1994; Song et al., 1998; Sherman et @5)20Thus, this study has extended the
influence of situational dimensions on cross-fumadl integration in achieving a higher NPD

performance into the context of emerging economiieh as China.

5.2. Implications for managers

In high product newness, a high degree of integmabetween host R&D and partner-R&D is
most crucial for NPD performance in the EngineeMadjdation Test stage. Within the firm,
managers should also forge a high degree of iniegraf R&D-marketing-production in the
Initial stage of NPD process when the product nesme high. Cross-functional integration

is important for NPD performance in the Initialggaof R&D-R&D’ particularly when the
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level of R&D experience is low, though R&D expegens crucial for R&D-marketing-
production integration particularly when R&D exmgrce is highFirms that create a

dedicated function of alliance management in NPIaboration can enhance alliance
success (Kale & Singh, 2007), and hence a highegegfrintegration across initial and
engineering validation stages of NPD process iomaot for NPD success when R&D

experience is low.

Although R&D teams tend to develop a high leveinbégration with geographically
distance partners, the types of cross-functiortagmation that should be emphasized to
enhance NPD performance vary at different NPD stalgethe context of this study, when
the distance between two R&D partners is largedishould focus on greater integration in
the Product Validation Test stage to improve NPEceas. However, when the distance
between two R&D partners is not large, firms shqudgt more attention to the integration
between R&D partners in the Initial stage, Prodtadidation Test stage, and between R&D-
production in the Design Validation Test stage. Tdsults imply that a higher degree of
differences between two R&D partners can have amositive impact on new product
success particularly in production validation stageus, managers should focus on
collaboration with distant R&D partners with a gexaopportunity to find complementary
resources than similar partners such as firms tipgren the same industry during the

production process.

With regard to the influence of environmental utaeity on the degree of cross-
functional integration, it is far from the simplergeralization of a direct relationship between
environmental uncertainty and levels of cross-fiomal integration (e.g., Koufteros et al.,
2002). In highly uncertain environments, firms skidiocus on integration of R&D-
marketing-production in the Initial stage while R&R&D’ integration in the Product

Validation Test stage to improve new product penfamce. Although the results show that
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firms should also focus on integration of R&D-mdikg-production in the Initial stage in a
low environmental uncertainty, it is important ®&D partners to integrate their effort in the
Product Validation Test stage. The overall resudigests that managers not only face with
changes of situational (environmental) dimensianstiiey also need to recognize the levels

of integration practices in NPD process to enharese product success.

The study also has useful implications for goveminpelicy makers. The Chinese
government emphasized the importance of R&D tcasushe country’s economic growth
and to raise manufacturing outputs of Chinese lwamthternational markets. This study
shows that high distance R&D partners (e.g., caltand capability differences) have more
potential to improve NPD performance as well asgration in different NPD stages than
low distance R&D partners. The Chinese governmanthelp the manufacturing industry to
increase international R&D partnerships and collation by providing incentives and
reducing bureaucracy for local and foreign firmshsas tax relief and reliable information
technology, and better enforcement of intellecpraperty rights and transparent business
regulations. As greater resources need to be chadmeto integration of intrafirm activities
(such as R&D-marketing-production) in highly uneamtenvironments, policy makers play
an important role in reducing legal and politicatartainties, which would encourage
foreign firms to partner with Chinese manufacturiingns. On a general level, the economic
performance of manufacturing industries in emergiognomies relies on NPD success in a
global market that requires knowledge about intgonal R&D partnerships and intrafirm
cross-functional integration to support the govezntpolicy on transforming imitative to

innovative capabilities.
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Figure 1: The Conceptual Framework

Cross-Functional Integration along
New Product Development Stages

Situational Dimensions | !

Initial

Outcome Dimensions

Engineering
YValidation Test (EVT)

Product Level
* Product Newness

Company Level New Product Development
* Distance between Performance
partners * Process efficiency
* Product effectiveness

Environment Level

Marketing

¢ Environmental

uncertainty
Production Design
Validation Test Validation Test
Functional Level (PVT) (DVT)

* R&D experience

H Two headed red line represents intra-firm functional integration (i.e. R&D-marketing-production)
H Two headed blue line represents inter-firm functional integration (i.e. R&D-R&D’)
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Table 1: Common NPD Process in China’s electronia@nd/or high-technology manufacturing industry

Initial stage EVT stage DVT stage PVT stage

Host division Marketing and R&D R&D R&D R&D and Production

Objectives Features and sales pointPrototype developed Use MP housing for Product should be very mature,
New technology and  Use mock-up or eve T1 housingpilot run similar to MP Product
key devices for pilot run H/W fix Factory tune production process for
Environment concept  Key component functions Reliability test the preparation of MP
Quiality plan workable

Design target list

Output / Product spec 1.0 EVT test report DVT test report PVT test report
Requirement Project team member EMC/Safety submission Yield rate report Yield rate report
Project schedule Black diagram/Circuit Component Failure analysis report
explanation verification Golden sample
Testing Customer verification Online preparation list
Pg free parts check Dust test Product spec

Corrosion test

Note:

EVT= Engineering validation test stage, DVT= Desugtidation test stage, PVT= Production validatiest stage stage.
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Table 2: A Review of Prior Research Cross-Functiondntegration

Decision areas

New product development

Type of integration

Inter-firm integration

Intra-firm in tegration

Functions Analysed

Calantone and Rubera §2012 R&D-engineering-marketing

Brettel et al. (2011)
Zhang et al. (2011)
Perks et al. (2009)
Troy et al. (2008)
Swink and Song (2007)
Garrett et al. (2006)
Song and Thieme (2006)
Beverland (2005)
Veryzer (2005)

Gomes et al. (2003)
Calantone et al. (2003)
Song and Swink (2002)

Kahn (2001)

R&D-marketing-manufacturing
Marketing-industrial design
R&D-marketing
R&D-marketing
Marketing-manufacturing
R&D-marketing
R&D-marketing
Marketing-design
Marketing-industrial design
R&D-marketing
Marketing-manufacturing
Marketing-manufacturing

R&D-marketing-manufacturing
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R&D

Product design

Miotti and Sachwald (2003)

Olson et al. (2001)

Song and Montoya-Weiss (2001)

Marketng-operations-R&D

R&D-marketing-mantifring

Athuahene-Gima and EvangelistaR&D-marketing

(2000)

Sherman et al. (2000)

Song and Xie (2000)

Song et al. (2008)

Souder et al. (1998)

Kahn and McDonough (1997)

Kahn (1996)

Parry and Song (1993)
Griffin and Hauser (1992)
Song and Parry (1992)

Hise (1990)

Michalek et al. (2005)

Ettlie (1997)

R&D-customer-supplier-maciufrer
R&D-manufacturing-marketing
R&D-marketing-manufacturing
R&D-marketing-customer
Marketing-manufactufitgD

Marketing (sales)-manufacturing
(operations)- R&D (engineering)

R&D-marketing
Marketing-manufacturigggineering
R&D-marketing
R&D-marketing
Inter-firm R&D coegation
Marketingierering-product design

Marketing-R&D-production
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Operations

Marketing/sales

New product
manufacturability

Swink (1999)

Pagell (2004) Operations-purchasingsiicg
Hausman et al. (2002) Marketing-manufacturing

Tatikonda and Montoya-Weiss  Marketing-operations
(2001)

Malz and Kahli (2000) Marketing-finance-manufaotg-R&D
Ettlie (1995) Design engineering-manufacturing
engineering

O’Leary-Kelly and Flores (2002) rMéacturing-marketing/sales

Swink (1999) Manufacturing involvemesupplier
influence
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Table 3: Correlation matrix

Variable Mean®  S.D. 1 2 3 4 5 6 7
1. Product newness 3.41 0.85 -

2. Distance (R&D) 3.26 1.04 0.268* -

3. Environmental 2.17 1.08 0.143 0.237 -

uncertainty

4. Integration (R&D- 3.57 0.72 0.081** 0.263 0.291 -

R&D’)

5. Integration (R&D-Mktg) 3.45 0.81 0.147 0.162 0.295* 0.283 -

6. Integration (R&D-Prod) 3.38 1.24 0.173** 0.248** 0.051 0.306 0.109 -

7. NPD performance 3.28 0.83 0.226 0.195 0.410 0.159 0.495* 0.308 -

Pearson correlation coefficient; two-tailed tessighificance is used. Significant atp& 0.01, *p < 0.05

S.D. = Standard deviatiof= Average score across the items (on a 5-poié:sdastrongly disagree’ and ‘5=strongly agree’)
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Table 4: Results of reliability and factor analysis

Construct Cronbach’s Average Composite Items Factor [tem-to-total
alpha Variance reliability loadings* correlation
Extracted
Product Newness 0.742 0.54 0.79 -How new, on average, were the product0.702 0.588
(Jin, 2001; configurations?
Tatikond and -How new were the key technologies 0.671 0.793
Montoya-Weiss, being implemented in this project?
2001) -How familiar were your team with the  0.801 0.682
technologies?
Distance (R&D) 0.826 0.58 0.78 -What is the approximate working hour 0.682 0.530
overlap between your company and the
foreign company?
-How big id you feel the cultural 0.691 0.705
differences between your company and the
foreign company?
-How big did you feel the technology 0.720 0.682
capability difference between your
company and the foreign company?
Environmental 0.742 0.70 0.68 -It was hard to know customers’ needs. 0.810 0.582
uncertainty -It was hard to understand competitor's 0.795 0.640
(Griffin and strategies.
Hauser, 1996; Lu -It was difficult to acquire technology.  0.801 0.739
and Yang, 2004) -Technology changes rapidly in this 0.797 0.846
industry.
-There are many competitors in this 0.702 0.741
industry.
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Integration (R&D- 0.721
R&D")

(Adapted from Lu

and Yang, 2004;

Song et al., 1998)

0.54

0.75

-Jointly discuss customer’s requirements 0.736
at the beginning of the project.

-Jointly establish the project schedule  0.620
(timetable).

-Share the information about environmen.818
(customer country’s regulations,
competitors...).

-There were frequent face-to-face 0.702
meetings during the initial stage.

-Share and analyze the result of 0.808
engineering validation test stage test

report.

-There were frequent e-mail contacts an@.755
conference calls during the engineering
validation test stage.

-There were frequent face-to-face 0.755
meetings during the engineering validation
test stage.

-Share and analyze the result of design 0.814
validation test stage test report.

-There were frequent email contacts and 0.759
conference calls during the design

validation test stage.

-There were frequent face-to-face 0.681
meetings during the design validation test
stage.

-Jointly determine the desired product 0.836
features and their feasibility.

0.593

0.782

0.846

0.792

0.803

0.760

0.692

0.795

0.683

0.582

0.749
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-Share and analyze the result of productién/11 0.637
validation test stage test report.
-There were frequent e-mail contacts and).849 0.743
conference calls during the production
validation test stage.
-There were frequent face-to-face 0.748 0.671
meetings during the production validation
test stage.
-There were frequent e-mail contacts and).830 0.795
conference calls during the mass
production stage.
-There were frequent face-to-face 0.791 0.690
meetings during the mass production
stage.
-Jointly work continuously for cost 0.757 0.649
reduction and quality improvement.
Integration (R&D- 0.708 0.62 0.71 -Jointly discuss customer’s requirements 0.748 0.793
Mktg) at the beginning of the project.
(Adapted from Lu -Jointly establish the project schedule  0.787 0.846
and Yang, 2004, (timetable).
Song et al., 1998) -Share the information about environmen0.852 0.720
(customer country’s regulations,
competitors...).
-There were frequent face-to-face 0.741 0.682
meetings during the initial stage.
-Share and analyze the result of 0.639 0.602

engineering validation test stage test
report.
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-There were frequent e-mail contacts an@.729
conference calls during the engineering
validation test stage.

-There were frequent face-to-face 0.847
meetings during the engineering validation
test stage.

-Share and analyze the result of design 0.904
validation test stage test report.

-There were frequent email contacts and 0.862
conference calls during the design

validation test stage.

-There were frequent face-to-face 0.913
meetings during the design validation test
stage.

-Jointly determine the desired product 0.741
features and their feasibility.

-Share and analyze the result of producti®n/49
validation test stage test report.

-There were frequent e-mail contacts and).860
conference calls during the production
validation test stage.

-There were frequent face-to-face 0.905
meetings during the production validation

test stage.

-There were frequent e-mail contacts and).674
conference calls during the mass

production stage.

-There were frequent face-to-face 0.704
meetings during the mass production

0.686

0.793

0.836

0.753

0.848

0.693

0.703

0.750

0.862

0.582

0.693
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stage.

-Jointly work continuously for cost 0.809 0.759
reduction and quality improvement.
Integration (R&D- 0.951 0.58 0.720 -Jointly discuss customer’s reguants  0.781 0.741
Prod) at the beginning of the project.
(Adapted from Lu -Jointly establish the project schedule  0.683 0.729
and Yang, 2004; (timetable).
Song et al., 1998) -Share the information about environmen0.949 0.873
(customer country’s regulations,
competitors...).
-There were frequent face-to-face 0.810 0.794
meetings during the initial stage.
-Share and analyze the result of 0.929 0.805
engineering validation test stage test
report.
-There were frequent e-mail contacts an@.787 0.865
conference calls during the engineering
validation test stage.
-There were frequent face-to-face 0.806 0.750
meetings during the engineering validation
test stage.
-Share and analyze the result of design 0.751 0.728
validation test stage test report.
-There were frequent email contacts and 0.840 0.765
conference calls during the design
validation test stage.
-There were frequent face-to-face 0.793 0.733

meetings during the design validation test
stage.
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-Jointly determine the desired product 0.924 0.853
features and their feasibility.

-Share and analyze the result of producti®n783 0.698
validation test stage test report.
-There were frequent e-mail contacts and).691 0.688

conference calls during the production
validation test stage.

-There were frequent face-to-face 0.748 0.734
meetings during the production validation

test stage.

-There were frequent e-mail contacts and).815 0.717

conference calls during the mass
production stage.

-There were frequent face-to-face 0.756 0.753
meetings during the mass production
stage.
-Jointly work continuously for cost 0.831 0.536
reduction and quality improvement.
NPD performance 0.863 0.60 0.847 -The cost was within the budget. 0.684 0.582
(Verona, 1999; Lu -The project could meet the schedule. 0.749 0.793
and Yang, 2004) -We are satisfied with the first mass 0.802 0.788
production yield rate.
-We are satisfied with the product quality0.729 0.682
-Overall, we feel satisfied with the 0.848 0.756
product.

Fit indices:y” = 249.71; d.f. = 13Q = 0.06; non-normed fit index (NNFI) = 0.97; comparatfit index (CFI) = 0.98; goodness of fit index
(GFI) = 0.95; adjusted goodness of fit index (AGE.96; root mean square residual (RMSR) = 0.63dt mean squared error of
approximation (RMSEA) = 0.052p*< 0.01
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Table 5: Multiple regression results of situationaldimensions and R&D-R&D’ integration

(Constant) 0.000

PNE
DIS
ENU
RDE
F-value
P-value
R2
Adjusted
R2

Model 1
INR (Initial stage R&D-
R&D’)
B t P
0.000 1.000
0.050 0.602 0.588
0.327** 3.810 0.000
0.299*** 3.610 0.001
-0.105 -1.146  0.248
6.731
0.000***
0.228
0.189

Model 2

Model 3

Model 4

EVR (Engineering validation DVR (Design validation stage PVR (Production validation
stage R&D-R&D’)

B T
0.000 0.000
0.217 1.395
0.340** 3.461
0.138 1.482
-0.216** -2.321
5.396
0.001***
0.184
0.148

P

1.000
0.138

0.001
0.181
0.028

Y
1.000

0.812
0.004
0.793
0.477

R&D-R&D)) stage R&D-R&D’)
p t p p t
0.000  0.000 001.0 0.000  0.000
0.087 1.003 170.3 -0.038  -0.271
0.402** 3,705  0.000  0.376** 2.821
0.086  0.846  0.391 028&. -0.205
-0.202%2.301  0.032  -0.076  -0.758
4.709 2.091
0.001%+* 0.087*
0.180 0.078
0.137 0.036

Note: *P <0.1; **P<0.05; *** P<0.01

Note: PNE=Product Newness, RDE=R&D Experience, DiStance, ENU=Environmental Uncertainty
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Table 6: Stepwise regression results of high andioproduct newness groups

Constant
INR

INC
EVR
EVC
DVR
DVM
DVP
PVR
PVC

F - value
P - value
RZ

Adjusted
R2

Model 5

High Product

Newness Group Newness Group Distance Group Distance Group
NPP

NPP
B t

0.038 0.317

(0.752)

0.328 2.817
(0.009)
3.891

(0.002)

0.529

8.791
0.001
0.284
0.274

Model 6

Low Product

B

-0.065

0.395

0.618

NPP
t

-0.814
(0.518)
4.291
(0.000)

4.710

(0.000)
31.728
0.000
0.547
0.528

Model 7

High Partner

B

0.019

0.469

0.497

t

0.218
(0.823)

4.450
(0.000)
5.109
(0.000)
19.291
0.000
0.562
0.619

Model 8

Low Partner

B

0.073

0.347

0.432

0.389

NPP

t

0.628
(0.520)
2.680
(0.013)

2.853
(0.005)
3.582
(0.002)

20.917
0.000
0.629
0.568

Model 9

High Env.
Uncertainty
Group NPP

B

0.197

0.418

0.412

t

2.389
(0.027)

3.471
(0.000)

4.918
(0.000)

21.651
0.000
0.523
0.511

Model 10
Low Env.
Uncertainty
Group NPP
B t
-0.174 -1.376
(0.141)
0.418  3.482
(0.002)
0.726  5.387
(0.000)
21.652
0.000
0.511
0.472

Model 11

High R&D
Experience
Group NPP

B

-0.221

0.663

t

-1.486
(0.120)

3.579
(0.001)

12.978

0.001
0.265
0.249

Model 12

Low R&D

Experience

Group NPP
B t

-0.013 -0.215

(0.852)

0.248 2271

(0.015)

0.358 3.591

(0.001)

0.435 5.290

(0.000)

00P1.

0.000

0.528

0.501

Note: Stepwise criteria: Probability-of-F-to-ente®.05; Probability-of-F-to-remove 0.1; Value ofp in parentheses.

Note: INR=R&D-R&D’ integration in the Initial stagéNC=Cross functional R&D-Marketing-Productionegtration within company in the
Initial stage, EVR=R&D-R&D’ integration in the Enggering Validation Test stage, EVC= Cross functiét&D-Marketing-Production
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integration within company in the Engineering Valion Test stage, DVR= R&D-R&D’ integration in tBesign Validation Test stage,
DVM=R&D-Marketing integration in the Design Validah Test stage, DVP=R&D-Production integrationhe Design Validation Test stage,

PVR= R&D-R&D’ integration in the Production Validah Test stage, PVC= Cross functional R&D-MarketiPrgpduction integration within
company in the Production Validation Test stage
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