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Abstract There has been a trend, in the last decade, of buyers
outsourcing new product development (NPD) activities to
suppliers. This study examines the impact of (mis) alignment
between buyer-supplier network structure and product archi-
tecture on two product development outcomes: product qual-
ity and product recalls. The hypotheses are tested on a unique-
ly assembled database of supplier networks of automakers for
12 vehicle systems. The results suggest that while dense sup-
plier network are associated with higher future product quality
and lower future recall magnitude, structural holes are associ-
ated with lower future product quality and higher future recall
magnitude. Further, the results suggest that product quality
partially mediates the relationship between supplier network
characteristics and recall magnitude. Interestingly, these ef-
fects are significantly moderated by the product architecture.
While network density is positively related to product quality
of weak design interfaces (i.e., modular systems), structural

holes in the supplier network are positively related to product
quality of strong design interfaces (integral systems). The re-
sults offer valuable insights to managers about the appropriate
supplier network structure for superior quality.

Keywords Buyer-supplier networks . Outsourcing . Product
quality . Product architecture . Organizational networks

Successful buyer-supplier relationships are critical to the per-
formance of firms because most firms require outside capabil-
ities and resources to compete effectively in the marketplace.
Leading companies such as Sony, Dell, Nike, and Toyota rely
to a great extent on leveraging supplier networks to achieve
industry leadership [20]. Researchers in marketing have
shifted their focus from buyer-supplier dyads to buyer-
supplier networks [3, 34, 45, 77]. In the last decade or so,
there has been a trend of buyers farming out critical processes
in the value chain such as product design and manufacturing
to suppliers [7, 11, 42, 49]. The business press refers to this
phenomenon as Bhollowing of the corporation^ or Bopen
innovation^ and notes that firms might be able to increase
outsourcing to the point that they primarily become assem-
blers of purchased components and services or even pure con-
tractual brokers [52].

While the trend towards vertical disintegration is dictated
by the need to be responsive to varying demands, the impact
of these changes on quality is far from clear. Understanding
this is important and timely because recently there has been a
palpable increase in the number of consumer products deemed
hazardous that were subsequently recalled (see http://www.
cpsc.gov/cpscpub/prere//prerel.html). It is plausible that the
increase in the number of recalls in recent years is a
consequence of increased outsourcing and traceable to
problems in the buyer’s supplier network. For example, in

Electronic supplementary material The online version of this article
(doi:10.1007/s40547-017-0074-y) contains supplementary material,
which is available to authorized users.

* Kartik Kalaignanam
kartik.kalaignanam@moore.sc.edu

Tarun Kushwaha
tarun_kushwaha@unc.edu

Anand Nair
nair@bus.msu.edu

1 Moore School of Business, University of South Carolina, 1014
Greene Street, Columbia, SC 29208, USA

2 Kenan-Flagler School of Business, University of North Carolina,
McColl Building, Suite 4500, Chapel Hill, NC 27599-3490, USA

3 Broad College of Business, Michigan State University, 632 Bogue
Street, N359, East Lansing, MI 48824, USA

Cust. Need. and Solut. (2017) 4:1–17
DOI 10.1007/s40547-017-0074-y

http://www.cpsc.gov/cpscpub/prere//prerel.html
http://www.cpsc.gov/cpscpub/prere//prerel.html
http://dx.doi.org/10.1007/s40547-017-0074-y
mailto:kartik.kalaignanam@moore.sc.edu
http://crossmark.crossref.org/dialog/?doi=10.1007/s40547-017-0074-y&domain=pdf


2005, the German auto manufacturer, Audi, recalled several
thousand vehicles following concerns of faulty diesel
injection pumps. This incident resulted in shareholder value
destruction in the three digit million Euro mark. While Bosch
GMBH was the supplier of the fuel injection system, it turned
out that the defect was because of the Teflon coating on a 1.5-
cm small socket. It is noteworthy that the socket was not made
by Bosch but was manufactured by Federal Mogul, a US-
based supplier that in turn sourced the Teflon from Dupont
[76]. While the business press is replete with examples of
dysfunctional supply chains, empirical evidence on the influ-
ence of buyer-supplier network structure on product recalls is
missing in the literature.

The objective of this study is to develop and test a concep-
tual model of the relationship between buyer-supplier network
structure, future product quality, and future product recall out-
comes. Our study makes two contributions to the emerging
literature on product recalls. First, we test the impact of den-
sity and structural holes in a buyer’s supplier network on
product quality and recall magnitude.While previous research
in marketing, economics, and strategic management has ex-
amined the impact of product recalls on (a) shareholder wealth
[17, 72], (b) effectiveness of marketing mix instruments [75],
and (c) learning outcomes [37, 41], there is no empirical re-
search on the supplier network antecedents of product recalls.
Similarly, marketing researchers have examined the impact of
network characteristics on project success in a software devel-
opment context [34, 47]. Product development in the automo-
bile industry is a complex endeavor involving relationships
between manufacturers, tier 1 suppliers, tier 2 suppliers, and
others. Direct evidence on the appropriate supplier network
configuration is helpful in understanding the risks and vulner-
abilities products are exposed to when firms outsource new
product development.

Second, we examine the contingent role of product archi-
tecture on the relationship between buyer-supplier network
structure and product quality. Previous research on product
development and organization theory recognizes that a match
between organization structure and task characteristics is
needed to realize superior product development outcomes
[8]. Building on this stream of research, we propose that the
extent of alignment between buyer-supplier network structure
and product architecture should bear a significant relationship
with product quality. The rationale for this argument stems
from the fact that task requirements in product development
for modular and integral systems are different [61, 74].
Therefore, the benefits offered or constraints posed by
buyer-supplier network structure for product development
would vary based on the architecture of the product.

To test the moderating influence of product architecture,
we examine the strength of design interfaces (SDI) of systems.
SDI refers to the extent to which physical components share
design dependencies across systems in a complex product [5,

40, 69, 74]. We classify systems that share few design depen-
dencies with other systems as BWeak (Modular) Design
Interfaces^ and systems that share many dependencies with
other systems as BStrong (Integral) Design Interfaces.^

Third, we test the research hypotheses on a unique dataset
painstakingly assembled by combining primary and archival
data in the US automobile industry. The data is comprised of
supplier networks of 13 automobile firms (i.e., BMW,
Chrysler, Ford, General Motors, Honda, Hyundai, Kia,
Mazda, Mercedes-Benz, Mitsubishi, Nissan, Subaru, and
Toyota) having manufacturing plants in the USA and 12 ve-
hicle systems (i.e., transmission, major engine system, engine
cooling, suspension, drive systems, exhaust, electrical, power
equipment, body hardware, braking system, climate system,
and fuel system). The supplier networks of the 13 automobile
firms are comprised of 964 suppliers and a total of 12,667
relationships. Data on SDI is collected through in-depth inter-
views with design engineers of automobile and supplier firms.

The results suggest that while dense supplier networks are
associated with higher future product quality and lower future
recall magnitude, structural holes in the supplier network are
associated with higher future recall magnitude. Our findings
support the view that dense and cohesive supplier networks
improve information exchange and benefit product develop-
ment ([21, 34] but incongruent with the view networks with
structural holes are associated with superior product develop-
ment outcomes [36]. The results further suggest that the im-
pact of network structure characteristics on future recall mag-
nitude is partially mediated by future product quality.

Importantly, the findings suggest that the relationship be-
tween structural characteristics of buyer-supplier network and
product quality is significantly moderated by the SDI or prod-
uct architecture. Specifically, the positive relationship be-
tween network density and subsequent product quality is
stronger for weak design interfaces (modular systems) than
for strong design interfaces (integral systems). In contrast,
the negative relationship between structural holes and subse-
quent product quality is weaker for strong design interfaces
than for weak design interfaces. The managerial implication is
that aligning dense buyer-supplier networks withmodular sys-
tems and buyer-supplier networks with structural holes with
integral systems is beneficial for improving quality.

1 Conceptual Framework and Hypotheses

We build on insights from the product development literature
which suggest that frequent and appropriately structured task
communication results in better performing development pro-
cesses [8, 34]. It has also been recognized for long that an
organization’s structure should be designed to reflect the na-
ture of the tasks they perform [67]. Researchers have further
explored this idea and examined whether the degree of
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correspondence between organizational structure and product
architecture improves product development outcomes. For in-
stance, Sosa et al. [69] examined the nature of team interac-
tions in a development project and its relationship to interde-
pendencies that existed between different parts of a product’s
design. Likewise, Cataldo et al. [12] offer empirical evidence
to suggest that tasks were completed faster when the patterns
of communication between team members were aligned with
the patterns of interdependency between components. Finally,
Gokpinar et al. [32] investigate the implications of misalign-
ment between organizational communications and interdepen-
dencies of the technical interface. We build on this stream of
research and examine the consequences of aligning buyer-
supplier network structure with the product architecture on
product quality and frequency of product recalls. We present
our conceptual framework in Fig. 1.

2 Product Performance Effects of Buyer Network
Density

Network density offers distinct advantages for product devel-
opment. Because of dense connections between buyers and
suppliers, the actors in the network have access to the same
information and there is less information variation. In other
words, the actors within a dense network would be structurally
equivalent because no particular entity has access to unique
information [31]. The frequent sharing of information facili-
tates the development of shared routines for product develop-
ment [15, 21]. For example, buyers and suppliers could facil-
itate the diffusion of best practices for product development.
For example, it is known that Toyota’s supplier network has
over time become highly interconnected with dense ties

between Toyota and its different suppliers. The quality con-
ference organized by Toyota is designed to improve the qual-
ity capabilities of its suppliers. Toyota frequently proposes a
theme (in conjunction with suppliers) for the conference such
as lowering Bsupplier designed defects^ and meets with its
suppliers frequently (e.g., up to six times a year) to exchange
knowledge. This information-sharing network of Toyota and
its suppliers is recognized to be a source of advantage [21].
More generally, buyer network density provides the means to
foster trust and establish norms of cooperation [15, 54].

The other benefit of information sharing in a dense B-S
network is that because Beverybody knows one another,^
buyers can collectively monitor and prevent opportunistic be-
havior. The possibility of opportunism arises when suppliers
are not exclusive and they work with multiple buyers in the
same industry. If suppliers act in self-interest, such behavior is
likely to be noticed by other members of the network and the
deviant behavior would be sanctioned. Network density in
some aspects acts as an informal governance mechanism and
lowers uncertainty in complex product development. All else
equal, network density offers buyers the benefits of informa-
tion sharing and sanctions and enables coordination and im-
provement in product quality. Hence we hypothesize that:

H1: Buyer network density is positively associated with
product performance (lower recall magnitude and higher
product quality).

3 Product Performance Effects of Buyer Network
Centrality

Network theorists contend that organizations could also ben-
efit from its social network by positioning themselves in gaps

Conceptual Framework 

Future Product 
Reliability  

Future Recall 
Magnitude 

Density

H4b  (+/-) 

H3a (+) 
H4a (+) 

Year ‘t-1’ Year ‘t’ Year ‘t+1’ 

Strength Design Interface

H3b (-/+) 

Structural Holes 

H1(-) 

H2(+/-) 

Fig. 1 Conceptual framework
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between nodes in the network [10]. Here, the role of the sup-
plier network is to provide a recombination potential or the
generation of novel combinations. The premise is that infor-
mation and values are more similar within groups than be-
tween groups. That is, the recombination potential arises from
the buyer connecting to suppliers that are not connected to a
firm’s existing group of suppliers.

The benefit of network centrality is that it offers the buyer
access to novel information and unique resources and oppor-
tunities. A tie with a supplier will provide access to new in-
formation to the extent that it offers access to non-redundant
sources of information [30]. The possibility to create non-
redundant ties or have distinct cliques of suppliers is not
equally spread across buyers. A central position in the net-
work is critical to have these benefits [10]. Access to unique
information enables the buyer to benefit from a positive re-
source asymmetry. In addition, the central position provides
earlier access to relevant new information and strengthens the
competitive capability of the buyer [31]. Buyers that are cen-
trally positioned in supplier networks thus have the flexibility
of accessing valuable information from supplier cliques in a
timely manner ([1, 36]. At times, solutions to improve the
product performance require creative inputs [2]. Access to
unique and non-redundant ties brings forth novel information
relevant for quality improvements in complex product devel-
opment [1, 54]. The ability to access novel information from
supplier cliques (i.e., distinctiveness) and act in a timely fash-
ion (i.e., responsiveness) akin to loosely coupled networks
should aid product performance. All else equal, buyer network
centrality is likely to be beneficial for product quality.

H2: Buyer network centrality is positively associated with
product performance (lower recall magnitude and higher
product quality).

4 Product Architecture and Complex Product
Development

Complexity in product development arises when there are a
large number of interdependent decisions. Because there are
multiple interactions, it is often difficult to infer the properties
of the whole system [67]. Product architecture refers to the
arrangement of functional elements of a product into several
physical building blocks with the goal of understanding how
these elements interact with each other. For example, the de-
sign of personal computers can be broken down into distinct
building blocks such asmicroprocessors, memory chips, mon-
itors, keyboards, and disk drives. Modular product architec-
tures allow firms to manage complexity in product develop-
ment and offer product variety [56, 61]. Extant research con-
ceptualizes modularity in three stages of product develop-
ment; modularity in design, modularity in production, and

modularity in use [5]. We conceptualize product architecture
in terms of modularity in design.

Modularity in design refers to breaking up a complex prod-
uct into separable units that communicate with each other
through standardized interfaces (i.e., invariant over some pe-
riod of time) or rules and specifications [43, 62]. While the
genesis of modular designs is traceable to the personal com-
puters industry (hardware and software), the concept has been
extended to several industries such as automobiles, bicycles,
and personal music systems. Following previous research [5],
we imply modularity to reflect the true underlying structure of
the product. In our context, modularity implies that the design
interactions between different systems of the product are well-
understood and well-recognized. Because interfaces are stan-
dardized or loosely coupled, modularity facilitates the intro-
duction of variations in components or systemswithout design
changes of other components or systems. In contrast, in inte-
gral or tightly coupled product designs, design changes in a
component or system cannot be achieved without design
changes in other systems.

5 The Moderating Role of Product Architecture

The main effect hypotheses argue for the benefits/constraints
of buyer-supplier network structure without considering the
nature and content of activities in product development. This
is unrealistic as task requirements for product development
vary depending on the architecture of the product. Our argu-
ment is that the extent to which a system is modular or integral
should moderate the impact of buyer-supplier network struc-
ture on product quality. In other words, the alignment between
buyer-supplier network structure and product architecture
should improve product quality. The notion of alignment has
been referred to as Bfit^ in the organizations [19, 76].

Previous research in marketing, strategic, and operations
management has examined the impact of product architecture
on different performance outcomes. For instance, modular
designs are recognized to be more beneficial than integral
designs in reducing the time-to-market [78], lowering costs
[26], and increasing the number of product variants offered
to the market [18, 39]. Integral systems, in contrast, offer
superior product performance [73, 74].

The objective of a modular design, as noted before, is to
standardize interfaces so that they could be mixed-and-
matched to create product variants. The plug-and-play prop-
erty of modular designs allows marketers to pursue a post-
ponement or made-to-order strategy. Based on the design
strength of the interface, systems can be classified as either
modular or integral [68]. Interfaces with higher (lower) design
strength are akin to integral (modular) systems.

Networkswith dense ties facilitate interaction amongmem-
bers and help coordinate activities. For weak design interfaces
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or modular systems, an overarching objective in product de-
velopment is to maintain acceptable levels of quality and low-
er costs at the same time [23, 26]. There are two reasons why
dense networks are likely to be more beneficial for modular
systems than for integral systems. First, since buyers out-
source design and manufacturing of modular systems to a
greater extent, there is increased responsibility on supplier
networks to ensure that the performance of the modular sys-
tem is not compromised [26]. Second, modular systems con-
tribute to product differentiation to a greater extent than inte-
gral system because of the ability to mix and match systems
across products. Development of modular systems requires
coordination in the supplier network to respond to varying
downstream demand. Buyers often delay the assembly of cer-
tain product-specific modules so that the point of differentia-
tion is delayed. Dense supplier networks enable rapid ex-
change of information about downstream demand and provide
the agility needed to implement postponement strategies.
Therefore, greater interaction and exchange of information
in the supplier network offers the resources and flexibility to
coordinate design and manufacturing of modular systems and
reduce errors.

For example, Volvo sources modular systems such as seats
from JCI and Lear. Volvo has fashioned a highly complicated
and interdependent relationship between the two suppliers.
Over the years, the sourcing strategy has evolved to a point
where the working relationship between JCI and Lear is now
so closely intertwined they must be considered together when
Volvo discusses seat sourcing. For instance, JCI makes the
front seats and both JCI and Lear make rear seats. In addition,
the two suppliers have reciprocal relationships in which Lear
assembles front seats for JCI and JCI assembles rear seats for
Lear [14].

In contrast, for integral systems, there is relatively less
outsourcing of design because of its complexity and criticality
for product performance [11, 50]. Similarly, downstream de-
mand is also less uncertain because integral systems are shared
across product variants. Thus, there is relatively less coordi-
nation needed between suppliers within a given integral sys-
tem [50]. Thus, the coordination benefits of a dense supplier
network would be stronger for modular systems than for inte-
gral systems. Based on these arguments, we hypothesize:

H3a: The positive relationship between density of the
buyer’s supplier network and future product quality is
weakened by the strength of the design interface. The
positive relationship is weaker for strong design inter-
faces (integral systems) than for weak design interfaces
(modular systems).

As noted before, structural holes in the network offer con-
trol benefits as the buyer is the conduit for information be-
tween suppliers. Systems with strong design interfaces or

integral systems are complex because they share dependencies
with other systems [22]. Since integral systems are critical to
the overall performance of the product, there is need for stron-
ger control over product development. It is known that cen-
tralized structures are better-suited to achieve higher perfor-
mance for complex tasks (Jensen and Meckling 1992). A cen-
tral position in the supplier network might be better suited for
product development of integral systems. For example, auto-
mobile manufacturers rely on vehicle integrity teams and in-
house plants to develop integral systems such as engine and
transmission systems. Supplier networks with structural holes
allow buyers to occupy a central position and mediate infor-
mation flows between suppliers. Therefore, buyers can exer-
cise superior control over product development activities of
integral systems. In addition, structural holes present opportu-
nities to tap into different supplier cliques and gather informa-
tion about product development efforts of related systems.
This information is critical as the performance of integral sys-
tems depends on the performance of other systems. Thus,
structural holes should help improve the quality for integral
systems to a greater extent than for modular systems.

H3b: The negative (positive) relationship between struc-
tural holes in the buyer’s supplier network and future
product quality is weakened (strengthened) by the
strength of design interface. The negative (positive) rela-
tionship is weaker (stronger) for strong design interfaces
(integral systems) than for weak design interfaces (mod-
ular systems).

6 Buyer-Supplier Network Structure, Product
Quality, and Product Recalls

Our preceding arguments assume that product recalls reflect
lack of quality in the firm’s operations. Although this assump-
tion generally holds, firms may at times recall products as a
measure of precaution and to avoid future liabilities (e.g., fines
or penalties). Hence, there is a need to test the impact of buyer-
supplier network structure on more proximate product devel-
opment outcomes. Recognizing this, we distinguish between
internal and external quality [28]. While internal quality re-
flects product performance with respect to design adequacy
and conformance to standards, external quality captures prod-
uct performance in terms of quality-in-use. Typically, product
recalls occur after an investigation is initiated because of cus-
tomer complaints about product safety. That is, product recalls
are triggered when customers experience less than expected
quality-in-use. Examining the relationship between internal
quality and external quality, Fynes and Voss [28] find that
design quality has a positive effect on conformance quality.
Furthermore, conformance and design quality are positively
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related to quality-in-use. Similarly, there is evidence to sug-
gest that product quality predicts future recalls [6, 13]. Based
on the preceding arguments, we expect that network density
and structural holes in the supplier network would influence
future recall magnitude through product quality.

H4a: Product quality would mediate the relationship be-
tween network density and future recall magnitude.
H4b: Product quality would mediate the relationship be-
tween structural holes and future recall magnitude.

7 Research Methodology

The automobile industry presents an ideal setting to test the
hypotheses. There are several features of the automobile in-
dustry that are attractive. There have been important changes
in vertical integration decisions (i.e., make or buy) and sup-
plier network configuration of automobile manufacturers. The
US automobile manufacturers have traditionally relied on a
large numbers of suppliers that were typically managed
through short-term contracts. In the 1980s, large US automo-
bile manufacturers had supplier networks comprising of more
than 3000 first-tier suppliers. One of the main objectives of
traditional sourcing strategies in the West has been to mini-
mize vulnerability to supplier opportunism [63, 70]. For in-
stance, suppliers to the US automobile industry have little
expectation of being treated fairly by customers. Further, a
large majority believe that if a competitor appeared with com-
parable quality and a lower price, their customers would
switch as soon as technically feasible [38]. However, the early
1990s witnessed the emergence of Japanese automotive man-
ufacturers introducing a different mindset that emphasized
building closer relationships with a smaller number of key
suppliers [21, 46]. The different mindsets of automakers op-
erating in the USA towards their suppliers have resulted in
networks with varied structural characteristics.

8 Data

We assembled the data on buyer-supplier relationships using
ELM Analytics, a vendor that tracks the supply chain perfor-
mance for automakers and suppliers in North America. This
database has been used in previous research and is the most
comprehensive listing of component manufacturers available
[46]. We focus on firm-system as the unit of analysis. This
choice was guided by the observation that there is considerable
variation in the composition of supplier networks for different
systems for a given firm. Accordingly, we collected data on
buyer-supplier links for the 12 vehicle systems between 2005
and 2010. We identify suppliers of 13 automobile

manufacturers with significant operations in North America
(BMW, Chrysler, Ford, General Motors, Honda, Hyundai,
Kia, Mazda, Mercedes-Benz, Mitsubishi, Nissan, Subaru, and
Toyota). The 13 auto manufacturers accounted for approxi-
mately 85% of the vehicles sold inNorthAmerica. The systems
we examine are as follows: transmission, major engine system,
engine cooling, suspension, drive systems, exhaust, electrical,
power equipment, body hardware, braking system, climate sys-
tem, and fuel system. We focus on these 12 vehicle systems
instead of more disaggregate sub-systems or vehicle compo-
nents to keep the functional interactions or dependencies trac-
table [32, 50]. Additionally, data on product quality and prod-
uct recalls are available at the vehicle system level rather than at
the sub-system level. We construct binary socio-matrices to
capture buyer-supplier ties for each vehicle system. Figure 2
depicts the buyer-supplier network for the electrical system. As
seen in Fig. 2, the network for the electrical system is com-
prised of 494 suppliers of 13 automobile manufacturers yield-
ing a total of 3656 ties. We construct similar networks for the
remaining vehicle systems. The extensive data collection ef-
forts yielded a total of 964 unique suppliers for 13 automobile
firms and 12,667 unique buyer-supplier relationships.

The data was assembled using a combination of archival
and primary sources. We collected data on product recalls
from the National Highway Traffic Safety Administration
(NHTSA), a federally governed organization established under
the Highway Safety Act of 1970 to enhance and monitor
highway and motor vehicle safety. NHTSA is enforced by
the US Department of Transportation with the goal of estab-
lishing and governing safety standards for motor vehicles in
the country. Based on complaints received from consumers
and law enforcement authorities, NHTSA conducts detailed
investigations and directs automakers to issue recalls if need-
ed. NHTSAmaintains a database of every vehicle safety recall
issued from 1966. A typical recall notice provides information
on the vehicle make and models likely to be affected, the
number of vehicles recalled, and the system that is potentially
defective. We obtained annual data on recalls experienced by
firms that sold automobiles for 2012. Since our supplier net-
work pertains to models manufactured in the USA, we only
included recalls featuring models manufactured in the USA.
The data on quality of auto manufacturer’s vehicle systems for
2011 was assembled from Consumer Reports.

There are two important issues in matching buyer-supplier
relationships with quality outcomes. First, data on buyer-
supplier relationships was available at the Bautomaker-vehicle
system^ level whereas data on product quality is at the
Bmodel-vehicle system^ level. For example, consider the case
of Subaru of America, the automaker. While we constructed
the supplier network structure for each of the 12 vehicle sys-
tems of Subaru, the quality data is available for the 12 vehicle
systems across different models (e.g., Outback, Legacy) of
Subaru. We aggregate the model-level quality by weighting
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on model sales to construct the automaker’s quality for a ve-
hicle system. Second, we only include suppliers of models
that were manufactured in North America. For example,
Subaru of America manufactured three (i.e., Outback,
Legacy, and Tribeca) of its five models in its North
American assembly plant between 2005 and 2010. We only
identify suppliers of these three models of Subaru. Consistent
with this approach, we do not collect product quality and
product recall data for the two models that are not
manufactured in North America.

We relied on primary data sources to operationalize the SDI
variable. We conducted 18 in-depth interviews with product
and design engineers in automobile and supplier firms to
gauge the dependencies of various systems in a vehicle. The
in-depth interviews lasted approximately 90 min in duration.
The experts participating in the survey were employed at
General Motors, Ford, Honda, Toyota, BMW, Hyundai,
Bosch, Cummins, Denso, Mando, SAIC Motors, and Ashok
Leyland and had on average approximately 10 years of expe-
rience in automotive design. To assess SDI, we asked the
product and design engineers to evaluate the degree of infor-
mation, spatial, structural, material, and energy dependencies
between vehicle systems (see BSection 9^ and the Web
Appendix for details on the questionnaire items).

We also collected data on several supplier and buyer char-
acteristics. We collected data from ELM Analytics on the size

of the supplier’s plants (in square feet), distance in miles be-
tween the supplier and auto manufacturer, the union status of
suppliers, and whether the supplier had received quality
awards from the manufacturer. As regards buyer characteris-
tics, we collected data onmanufacturer’s sales from theWard’s
Automotive Yearbook and manufacturer’s R&D expenditures
from COMPUSTAT and annual company reports.

A test of our hypotheses requires a close alignment be-
tween the theory, measures, and the empirical model. We
achieve this by modeling the impact of buyer-supplier net-
work structural characteristics in time period Bt − 1^ on qual-
ity in time period t and recall magnitude in time period Bt + 1.^
The temporal separation facilitates a more confident interpre-
tation of the quality consequences of buyer-supplier network
structure. Our final dataset for empirical analyses is comprised
of 156 firm-system observations (13 makes × 12 systems).
The supplier network structural characteristics and control
variables are for the 2005–2010 period, product quality data
is for 2011, and product recall magnitude data is for 2012.

9 Measures

Product Recall MagnitudeWe operationalized recall magni-
tude as the number of vehicles recalled for defects in a system.
Recall magnitude or the number of vehicles recalled is

Fig. 2 Buyer-supplier network
for the electrical system
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influenced in part by the number of vehicles the make has on
the road. To account for scale effects, we normalize the num-
ber of vehicles recalled in a year by the make’s sales in the
previous year.

Product Quality We operationalized product quality in
terms of the number of problems experienced by vehicles
for a particular system relative to the number in all vehicles
of the same age. This measure has been adjusted to account
for the number of miles driven by consumers in a given
year. The quality scores for vehicle systems are between 1
and 5, with 5 indicating highest quality and 1 indicating
lowest quality.

Network Density We use non-directional relationship matri-
ces to assess the buyer’s network density. Following past re-
search [59, 60], we operationalized network density of an
automaker for a particular system as the ratio of the number
of ties observed between the buyer’s suppliers to the total
number of possible ties. It is worth noting that, to compute
density, we dissected the network into smaller ego networks
and examined local densities [48, 64]. Local density examines
the interconnectedness of the buyer’s direct suppliers. The ego
network density measure is consistent with Coleman’s closure
argument pertaining to the buyer’s suppliers being densely
connected to each other [60, 64].

Structural Holes As before, we constructed matrices of non-
directional relationships between buyers and sellers [65, 79].
We operationalized structural holes in terms of betweenness
centrality. This operationalization is consistent with past re-
search [10, 16, 27]. For example, Burt [10] provides ample
evidence that betweenness centrality is an appropriate mea-
sure for structural holes. The betweenness centrality for an
automaker ai is defined as proportion of all possible geodesic
paths between alters that pass through ego ai. If gkl(ai) are the
number of geodesic paths between alters k and l that pass
through ai and gkl is the total number of possible geodesic
paths then betweenness centrality for automaker ai is given

by: Cb aið Þ ¼ gkl aið Þ
gkl

. To facilitate comparisons across auto-

makers within a system and across the 12 systems, we adjust-
ed the betweenness centrality measure for network size. The

normalized score is given by: C
0
b aið Þ ¼ Cb aið Þ

g−1ð Þ g−2ð Þð Þ=2, where g

is the number of nodes in the network.
As noted before, network density and structural holes are

theoretically and empirically distinct concepts. For example,
consider an automaker with 10 suppliers for a system.
Figure 3 visually depicts the buyer-supplier network for com-
binations of high and low values of network density and struc-
tural holes. For the low network density and low structural
hole condition in Fig. 3, the automaker has direct connections
with five suppliers (S2, S5, S6, S9, and S10). Of these, only

supplier pairs (S5, S2) and (S5, S10) are connected to each
other out of a total of 10 possible pairs of direct connections.
The normalized network density for this configuration is
20.00%. To construct betweenness centrality, we examine
the proportion of geodesic paths between pairs of all 10 sup-
pliers (S1–S10) that pass through the automaker. The normal-
ized betweenness centrality measure for this configuration is
7.78%. The visual plots of different combinations of network
density and structural holes illustrate that these are distinct
constructs. Thus, an automaker could have structural holes
in its extended supplier network and dense ties in its local
supplier network at the same time.

Strength of Design Interface Previous research in systems
and product development has operationalized product archi-
tecture in terms of the relationships between the constituent
systems using the Design Structure Matrix (DSM) [71]. The
DSM is used to understand complex product development
processes by decomposing the product into systems and ex-
amining the relationships between systems. Such decomposi-
tion has been recognized to be important to managing system
complexity [9]. Pimmler and Eppinger [53] examined the
functional requirements of products in terms of exchanges of
energy, material, and signals between elements. Consistent
with past research [53, 69], we sought to identify five types
of dependencies for vehicle systems; information, structure,
spatial, energy, and material. Spatial dependency refers to the
level of physical adjacency required for alignment, orienta-
tion, serviceability, assembly, or weight. Structural dependen-
cy refers to the existence of a functional requirement for trans-
ferring design loads, forces, or containment. Energy depen-
dency considers a functional requirement related to transfer-
ring heat energy, vibration energy, electrical energy, or noise.
Material dependency captures functional requirement related
to transferring air, oil, fuel, or water. Information dependency
addresses the functional requirement related to transferring
signals or controls.

We interviewed 18 industry experts (product and design
engineers at automobile and supplier firms) to assess the crit-
icality of each type of dependency using a five-point scale
anchored between −2 and +2 (see the Web Appendix for de-
tails on the scale and questionnaire items). The scale captures
not only the required and desired dependencies (positive
scores) but also detrimental and undesired dependencies (neg-
ative scores). SDI is computed as the average score of five
types of dependencies across respondents. Higher (lower)
scores on functional dependencies refer to strong (weak) de-
sign interfaces. Note that this approach is generalizable to
different empirical contexts and is identical to approaches
used to operationalize functional dependencies between sys-
tems in building construction, semiconductors, automobiles
and aerospace [9].
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Controls We included Market Performance and R&D
Intensity as controls since they could influence recall magni-
tude. While market performance was operationalized as the
annual number of vehicles sold by the manufacturer, R&D
intensity was operationalized as the manufacturer’s annual
R&D expenses scaled by annual revenues. There is also evi-
dence to suggest that automakers offering considerable prod-
uct variety are more likely to experience lower quality [25,
57].We includedProduct Line Breadth¸ operationalized as the
number of models offered by a manufacturer in a given year,
as a proxy for product variety. The variables in the study and
their operational measures are summarized in Table 1.

10 Model Specification

Buyer-SupplierNetworkStructureCharacteristics (Bt−1^)
➔ Future Quality (t) First, we test the impact of buyer-
supplier network structure characteristics on subsequent prod-
uct quality using the following specification:

Model 1:

QUALij
2011 ¼ α0 þ α1DENij

2005−2010 þ α2HOLESij2005−2010

þα3SDIij þ α4DENij
2005−2010 � SDIij

þ α5HOLESij2005−2010 � SDIij
þ α6MPERFi þ α7PBREADTHi

þ α8RDINTENi þ λi þ εij

where i = firm, j = system,α are the response coefficients, λ is
firm specific normally distributed random error component to
control for firm heterogeneity, and ε is the random error

component. QUAL refers to the quality of the firm’s system,
DEN, HOLES, and SDI refer to density, structural holes, and
strength of design interface, respectively, and MPERF,
PBREADTH, and RDINTEN are market performance, product
line breadth, and R&D intensity, respectively.

11 Buyer-Supplier Network Structure
Characteristics (Bt − 1^)➔ Future Recall Magnitude
(Bt + 1^)

Next, we test the impact of buyer-supplier network character-
istics on future recall magnitude using the following
specification:

Model 2:

RECMAGij
2012 ¼ β0 þ β1DENij

2005−2010 þ β2HOLESij
2005−2010

þβ3SDIij þ β4DENij
2005−2010 � SDIij

þ β5HOLESij
2005−2010 � SDIij

þ β6RELIABL
2011
ij þ β7PBREADTHi

þ β8RDINTENi þ μi þ υij

where β are the response coefficients, μ is firm specific nor-
mally distributed random error component to control for firm
heterogeneity, and ν is the random error component. Other
terms were as defined before.

There are a few econometric issues pertaining to the error
structure in models 1 and 2 that need to be accounted for.
First, in our model, network characteristics vary across auto-
makers and systems, whereas strength of design interface
varies only across systems. This data structure can lead to
clustering of observations within a group. We account for
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Fig. 3 Example of buyer-supplier network structure for network density and structural holes. Note: Auto automaker, S supplier
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spatial correlation between ε (ν) for different systems across
automakers.

Second, there is likely to be heteroskedasticity in the panel
errors of Models 1 and 2. We tested for the presence of
heteroskedasticity in the panel errors and find that the modi-
f ied Wald ’s ch i -square s ta t i s t i c for group wise
heteroskedasticity [33] for quality and recall magnitude is
202.59 (d.f. = 13, p < .01) and 14,387.87 (d.f. = 13, p < .01),
respectively. These suggest the presence of panel-level
heteroskedasticity in the errors of models 1 and 2.

Following procedures advocated in past research [35, 44],
we use the iterative generalized least squares (IGLS) estimator
and specify a spatially correlated and heteroskedastic error
structure.

12 Results

Table 2 reports the descriptive statistics and correlations be-
tween the variables. The mean annual market performance

(i.e., sales in units) for automakers is 481,126. We also find
considerable variation in product line breadth across auto-
makers. The mean product line breadth for automakers in a
given year is 27 models and the standard deviation is 25.
However, R&D expenditures vary less across automakers in
our data. The mean R&D expenditure is 3.88% of annual
revenues and the standard deviation is 1.27.

In Table 3, we report the summary statistics for the 12
vehicle systems. The summary statistics from the interview
reveal that while engine and electrical systems have the stron-
gest design interfaces (integral), climate and body hardware
systems have the weakest design interfaces (modular).
Importantly, the expert interviews reveal that the strength of
the design interface does not vary either across models or over
time. The experts had, on average,work experience of 10 years
in automotive design. As noted before, we interviewed experts
from both automobile manufacturers and original equipment
suppliers. Table 3 also indicates significant variation in net-
work density and structural holes scores across automaker
systems. Importantly, network density and betweenness

Table 1 Variable operationalization and data sources

Measure Variable name Data period Operationalization Data sources

Product quality RELIABL2011 2011 Product defects of a system in 2011 for an automaker on a
scale of 1 to 5, where higher number corresponds to higher
quality

Consumer reports

Product recall
magnitude

RECMAG2012 2012 Number of units recalled in 2012 by a manufacturer for
defects related to a system adjusted for the sales of the
automaker

NHTSA

Network density DEN2005–2010 2005–2010 Ratio of the number of ties between the buyer’s suppliers to
the maximum possible ties

Expert interviews

Structural holes HOLES2005–2010 2005–2010 Betweenness centrality of the buyer in the supplier network.
Number of suppliers for a buyer—redundancy

ELM Analytics

Strength of design
interface

SDI 2005–2010 Average score on a 5-point scale across 5 types of functional
dependencies between systems

Market performance MPERF 2010 Number of units sold by the firm in a year Ward’s Automotive
Yearbook

Product line breadth PBREADTH 2010 Number of make models offered by the firm in the year Ward’s Automotive
Yearbook

R&D intensity RDINNTEN 2010 Annual research and development expenditures as a
percentage of annual revenues

COMPUSTAT

Table 2 Correlation matrix and
summary statistics Variable Mean S.D. 1 2 3 4 5 6 7

1. Product quality 4.36 .74

2. Product recall magnitude 1.72 6.44 −.13
3. Strength of design interface (SDI) 17.00 11.76 .33 −.01
4. Network density (%) 6.87 9.85 −.06 .02 .00

5. Structural holes (%) 2.65 6.63 .03 −.05 −.13 −.17
6. Market performance (in millions of

units)
.48 .28 .03 .13 .00 .29 −.13

7. Product line breadth 26.92 25.37 −.03 .03 .00 .53 −.13 .39

8. R&D intensity (% of sales) 3.74 1.27 .01 .07 .00 .31 −.03 .26 .32
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centrality scores also vary significantly across automakers
within a given system. Therefore, the supplier network struc-
ture characteristics of a given vehicle system for automakers
are quite different.

12.1 Model Fit

We test the impact of buyer-supplier network structure charac-
teristics on quality and recall magnitude in a stepwise manner.
Tables 4 and 5 present the results. The model fit statistics of the
quality model (Table 4) suggest that the full model is the best
fitting model as the chi-square difference between the full
model (column 4-3) and next best fitting model (column 4-2)
is statistically significant (χ2

Diff = 6.84 (2), p < .05).
Additionally, the model comparisons (χ2

Diff = 15.13 (3),
p < .01) reveal that adding supplier network structure charac-
teristics (column 4-2) to control variables (column 4-1) im-
proves the model fit significantly. Similarly, the model fit sta-
tistics of the recall magnitude model (Table 5) suggest that full
model (Bdirect + indirect effect,^ column 5-4) has a significant-
ly better fit (χ2

Diff = 62.88 (1), p < .01) than the next best fitting
model (Bdirect effect only,^ column 5-3). Also, the full model
(Bdirect + indirect effect,^ column 5-4) has a significantly bet-
ter fit (χ2

Diff = 124.24 (5), p < .01) than the indirect effect only
model (column 5-2). Additionally, both Bdirect effect only^
(column 5-3) and Bindirect effect only^ (column 5-2) are better
fitting (χ2

Diff = 95.74 (1), p < .01, χ2
Diff = 114.53 (5), p < .01)

than Bcontrols only^ model (column 5-1).

12.2 Hypotheses Testing

We interpret the results of the full model to test the hypotheses.
H1 states that greater the density is in the buyer’s supplier

network, lower is the future recall magnitude. As evidenced
in Table 5, the relationship between network density and future
recall magnitude is negative (−.0240, p < .05).H1 is supported.
Consistent with this result, Table 4 suggests that the relation-
ship between network density and future quality is positive
(.0328, p < .05). Recall that we proposed a non-directional
hypothesis for the relationship between structural holes in the
buyer’s supplier network and future recall magnitude. The re-
lationship between structural holes and future recall magnitude
is positive and significant (.0404; p > .01).However, structural
holes are negatively related to future product quality (−.0232,
p < .05). Thus, network density and structural holes have dif-
ferential relationship with future product quality and future
recall outcomes. Taken together, our findings imply that dense
supplier networks benefit buyers to a greater extent compared
to supplier networks with structural holes.

As regards the moderator results, we find that the coeffi-
cient for the direct impact of SDI on quality is positive (.0102,
p < .01). That is, integral systems have higher quality com-
pared to modular systems. This is consistent with research
which points out that integral systems are critical for overall
product performance [74].

H3a states that SDI will weaken the positive relationship
between network density and future product quality.
Consistent with H3a, the coefficient for the interaction of net-
work density and SDI on quality is negative (−.0018, p < .10).
This suggests that dense supplier networks are associated with
enhanced product development outcomes of modular systems
to a greater extent compared to integral systems.

Consistent with H3b, the coefficient for the interaction of
structural holes and SDI on quality is positive (.0027, p < .05).
The implication is that buyers whose supplier networks are
characterized by the presence of structural holes experience

Table 3 Summary statistics of
buyer-supplier network structure
characteristics in vehicle systems

Number
of nodes

Number
of ties

SDI Network
density

Mean

Network
density

S.D.

Structural
holes

Mean

Structural
holes

S.D.

Body hardware 154 968 9.2 3.72 2.60 6.82 8.76

Brakes 192 1113 10.6 1.75 1.97 7.07 10.21

Climate system 71 208 10.2 6.33 9.55 5.82 8.42

Drive system 99 407 21.6 .77 1.31 6.85 10.56

Electrical 507 3656 23.0 2.70 2.88 7.05 10.37

Engine cooling 102 471 14.0 2.75 2.22 6.35 8.65

Engine major 218 1306 50.8 .82 .80 6.90 10.10

Exhaust 122 602 5.0 6.76 17.50 7.03 9.36

Fuel system 92 341 8.4 .45 1.27 7.09 11.12

Power
equipment

170 1145 10.4 1.31 1.09 7.10 9.22

Suspension 222 1509 22.4 3.54 7.23 6.82 8.99

Transmission
major

187 941 18.4 .86 1.28 7.54 12.05
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higher quality for integral systems than for modular systems.
Collectively, the evidence supports the argument that the rela-
tionship between buyer-supplier network structure and product
quality is contingent on the strength of the design interface.

We follow the guidelines proposed by Preacher et al. [55] to
test H4a and H4b, the mediation hypotheses. The relationship
between supplier network characteristics and recall magnitude
is mediated by quality and the strength of this mediation is
dependent on SDI. The estimate of the conditional indirect
effect of network density and structural holes on recall magni-
tude is given by β6(α1 + α4 × SDI) and β6(α2 + α5 × SDI),
respectively. Because the conditional indirect effects are sensi-
tive to the parametric assumptions, we generate 1000 bootstrap
standard errors and 1.96 standard deviation asymptotic interval
of the coefficients. Figure 4 depicts the results graphically. The
range of SDI scores in which the conditional indirect effect is
significant indicates mediation by quality. We find that the
relationship between network density and recall magnitude is
negative for SDI scores of less than 8.5 (i.e., exhaust and fuel
system) and positive for SDI scores above 22 (i.e., suspension,
electrical, and engine major). In contrast, the relationship be-
tween structural holes and recall magnitude is positive for SDI
scores less than 8.5 (i.e., exhaust and fuel system) and negative

for SDI scores above 21.5 (i.e., drive system, suspension, elec-
trical, and engine major). For intermediate SDI scores in the
range of 8.5–22 (8.5–21.5), the impact of network density
(structural holes) on recall magnitude is not significant.
Collectively, the analyses suggest that future quality mediates
the relationship between network density, structural holes, and
future recall magnitude. H4a and H4b are thus supported.

12.3 Control Variables

As regards the results for control variables, we find that mar-
ket performance is positively associated with product quality
(.2084, p < .05). We also find that product line breadth is
positively associated with recall magnitude (.0216, p < .01).
As expected, we find that R&D Intensity is positively related
to product quality (−.0924, p < .01) and negatively related to
recall magnitude (−.3113, p < .10).

13 Discussion

Our study was motivated by two key questions: How do sup-
plier network structure characteristics of buyers influence

Table 4 Results: the impact of buyer-supplier network structure on product quality

Dependent variable—product
quality in 2011 (RELIABLE2011ij)

Controls only
4–1

Controls + main effects
4–2

Full model
4–3

Coeff. (S.E.) Coeff.
(S.E.)

Coeff.
(S.E.)

Hypothesized variables (2005–2010) Network density (H3a) .0054* .0328**

(.0031) (.0155)

Structural holes (H3b) −.0187* −.0232**
(.0109) (.0108)

Strength of design interface (SDI) .0099*** .0102***

(.0030) (.0030)

Density × SDI (H4a) −.0018*
(.0010)

Structural holes × SDI (H4b) .0027**

(.0013)

Controls (2010) Market performance .2921*** .2124** .2084**

(.1069) (.1092) (.1058)

Product line breadth −.0028 .0037 .0044

(.0018) (.0043) (.0042)

R&D intensity .0777** .0904** .0924***

(.0369) (.0359) (.0348)

Automaker random effects Included Included Included

Intercept 4.2342*** 3.9859*** 4.0172***

(.1622) (.1701) (.1744)

Chi-square (parameters) 13.80 (3) 28.93 (6) 35.77 (8)

Note: S.E. in parentheses

*p < .10; **p < .05; ***p < .01
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future product quality and future recall magnitude? Does the
normative buyer-supplier network structure vary depending
on product characteristics? To address these questions, we
develop and test a contingency model delineating how prod-
uct architecture poses boundary conditions, systematically af-
fecting the impact of density and structural holes in the buyer-
supplier network on product performance. We examine inter-
nal (product quality) as well as external (recall magnitude)
product performance outcomes.

13.1 Theoretical Contributions

Our study makes important theoretical contributions by inves-
tigating the supplier network-related antecedents of product
recalls. Following extant literature that presents two contrast-
ing views on how network structure creates economic bene-
fits, we test the impact of network density and structural holes
in the buyer-supplier network on product quality and recalls.
Our findings suggest that buyers with dense supplier networks
are more likely to improve future quality and lower the mag-
nitude of future recalls. This finding is consistent with previ-
ous research which suggests that dense networks facilitate the
easy dissemination and exchange of information [21, 47] and
greater supplier compliance because of collective monitoring

and greater trust [15, 48]. Thus, ceteris paribus, buyers with
dense supplier networks are likely to experience superior
product development outcomes.

In contrast, we find that structural holes in buyer-supplier
networks are likely to decrease product quality and aggravate
the magnitude of recalls. This finding is consistent with re-
search that finds that structural holes have an adverse impact
on innovation output [1], dampen market performance [66],
and are not significantly related to innovation involvement
[51] but incongruent with research that finds structural holes
to be positively related to innovation performance [29, 36].
The implication is that the information control advantages that
structural holes bestow on buyers are detrimental for product
development in an outsourced environment. This is perhaps
because control of information by buyers may stifle the auton-
omy and creativity of suppliers especially when they are
entrusted with the task of delivering a complete Bturnkey^
system [4, 11].

Importantly, our study finds that product architecture exerts
significant contingencies on the relationship between buyer-
supplier network characteristics and quality. Specifically, we
find that weak design interfaces enhance the benefits of dense
buyer-supplier networks. Previous research examining the in-
terplay between product development team interactions and

Table 5 Results: the impact of buyer-supplier network structure on product recall outcome

Dependent variable—product recall
magnitude in 2012 (RECMAG2012

ij)
Controls
5–1

Controls + quality
5–2

Direct effects
5–3

Full model
5–4

Coeff. (S.E.) Coeff. (S.E.) Coeff. (S.E.) Coeff. (S.E.)

Hypothesized variables (2005–2010) Network density (H1) −.0221** −.0240**
(.0106) (.0145)

Structural holes (H2) .0408*** .0404***

(.0144) (.0171)

Strength of design interface (SDI) −.0108 −.0235
(.0176) (.0149)

Density × SDI .0073* .0086**

(.0038) (.0035)

Structural holes × SDI −.0038*** −.0035***
(.0014) (.0013)

Quality in 2011 (H3a,H3b) −.7210** −.5195***
(.2722) (.2063)

Controls (2010) Product line breadth .0001*** .0064 .0229*** .0216***

(.0000) (.0055) (.0058) (.0041)

R&D intensity −.2577* −.3041** −.2016* −.3113*
(.1497) (.1640) (.1431) (.1439)

Automaker random effects Included Included Included Included

Intercept .2996** 2.4573*** .4555 3.1049***

(.1578) (.4251) (.4027) (.5362)

Chi-square (parameters) 40.02 (2) 135.76 (3) 154.55 (7) 217.43 (8)

Note: S.E. in parentheses

*p < .10; **p < .05; ***p < .01
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design interfaces finds that teams that matched communica-
tion patterns with communication requirements between inter-
faces experienced better outcomes [58, 69]. Likewise, we find
that strong design interfaces amplify the information control
benefits of structural holes in buyer-supplier networks. That
is, the development of strong design interfaces requires cen-
tralized control. Our findings cast doubt on the notion that
advances in communication technologies allow complex ac-
tivities to be coordinated through decentralized structures. It
might be conjectured that a distributed design environment
might aggravate errors and degrade the performance of strong
design interfaces or integral systems. More generally, our
study shows that the extent to which buyer-supplier network
structures are matched with product architecture is a signifi-
cant indicator of subsequent quality and subsequent recall
magnitude experienced by buyers. Our findings should en-
courage future researchers to further examine the interplay
between supplier network characteristics and product architec-
ture. It might be particularly worthwhile to examine the effects
of single sourcing versus multisourcing strategies on quality

and whether these effects vary based on the product
architecture.

13.2 Managerial Implications

The findings of this study offer numerous valuable insights for
managerial practice. In recent years, there has been increased
emphasis on improving supply chain performance. The em-
phasis has been using concepts such as modularization, flex-
ible manufacturing, and lean versus agile manufacturing to
boost performance. Despite such advances, the poor perfor-
mance of supply chains, as evidenced in growing number of
product recalls in the marketplace, continues to frustrate and
disenchant managers. An article in the Harvard Business
Review poses a managerially relevant question as to why have
new ideas and technologies not led to improved performance
[24]? Our study offers valuable insights in this regard and
shows that mismatch between structure of buyer-supplier net-
works and product architecture aggravates crises such as prod-
uct recalls.

Conditional Indirect Effect of Network Density on Recall Magnitude

Conditional Indirect Effect of Structural Holes on Recall Magnitude
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Fig. 4 Conditional indirect
effects of buyer-supplier network
characteristics. a Conditional in-
direct effect of network density on
recall magnitude. b Conditional
indirect effect of structural holes
on recall magnitude. Note: X axis,
SDI scores; Y-axis, conditional
indirect effect on recall magni-
tude; SE, standard errors
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We find that network density and structural holes have
different effects on recall outcomes. Dense supplier networks
are associated with superior outcomes such as better quality
and lower magnitude of recalls whereas supplier networks
with structural holes are associated with greater recall magni-
tude. The implication for buyers is that they ought to encour-
age its suppliers to forge ties with each other and facilitate
exchange and sharing of information. For example, a supplier
facing a quality problem with the root cause not known can
benefit from the exchange of solutions from the supplier net-
work. Although maintaining a dense supplier network is cost-
ly, the information exchange benefits are significant especially
when buyers farm out important processes such as product
design and manufacturing to suppliers. In contrast, structural
holes in a supplier network increase the magnitude of recalls
experienced by buyers.

Importantly, our findings caution managers to refrain from
viewing dense supplier networks as beneficial and supplier net-
works with structural holes as detrimental for quality. Our find-
ings, instead, point to the need to evaluate the normative sup-
plier network structure in conjunction with the architecture of
the product. The findings suggest that dense networks are ben-
eficial for weak design interfaces (modular systems) than for
strong design interfaces (integral systems). As noted before,
when buyers outsource design and manufacturing of modular
systems, they cede control to supplier networks. Thick ties
between suppliers facilitate coordination and information ex-
change and ensure that buyers are able to meet varying down-
stream demand without compromising the quality of weak de-
sign interfaces. In contrast, structural holes in supplier networks
are more beneficial for strong design interfaces than for weak
design interfaces. Buyers need to be located centrally in suppli-
er networks and mediate information flows between suppliers
to ensure that the quality of integral systems does not degrade.

We performed a univariate transfer function analysis to
better understand the economic value of matching buyer-
supplier network structure and product architecture [35]. We

computed the direct impact of a one standard deviation (S.D.)
increase in network density and structural holes in the supplier
network on quality and recall magnitude. We evaluate this
relationship for strong and weak design interfaces. The high
and low levels of SDI are set at the +1 S.D. and −1 S.D. from
mean values of the variable, respectively. To compute the
dollar impact of decrease in recall frequency because of
matching, we turn to previous research that has assessed the
shareholder value destroyed by product recalls. Barber and
Darrough [6] note that on average a product recall in the au-
tomobile industry eroded shareholder wealth by $72.99 mil-
lion. This amounts to $125.62 million in 2011 dollar terms.

Our post hoc analyses reveal that a 1 S.D. increase in net-
work density increases economic value by $29.85 million at
low levels of SDI and decreases economic value by $106.41
million at high values of SDI. The total economic value was
destroyed because of a mismatch between supplier network
density and product architecture is $136.26 million. While
dense networks are costly to maintain because of higher num-
ber of ties and greater information flow, our findings show that
the economic value of dense ties in supplier networks is quite
substantial. Similarly, a 1 S.D. increase in structural holes
increases economic value by $219.31 million at high levels
of SDI and diminishes economic value by $14.27 million at
low levels of SDI. The total economic value was destroyed
because of a mismatch between structural holes and product
architecture is $233.59 million. Cumulatively, mismatches be-
tween supplier network structure characteristics and product
architecture destroy the buyer’s shareholder wealth to the tune
of $369.85 million on an annual basis. Table 6 summarizes the
economic implications of our findings.

13.3 Limitations

We would like to acknowledge some limitations that recom-
mend caution in interpreting our results. First, given that the
empirical findings are based on a single industry (i.e.,

Table 6 Post hoc analyses: annual impact of matching buyer-supplier network structure and product architecture

Impact on Weak design interface
(modular system)

Strong design interface
(integral system)

Net impact
of matching

1 S.D. increase in BNetwork density^ Match Mismatch

Quality (points) .21 −.02 .23

Recall (frequency) −.23 .82 −1.05
Economic value ($m)a $29.85 −$106.41 $136.26

1 S.D. increase in BStructural holes^ Mismatch Match

Quality (points) −.04 .82 .86

Recall (frequency) .11 −1.69 −1.80
Economic value ($m) −$14.27 $219.31 $233.59

a The figure in the cells represents the shareholder value created or destroyed because of the impact of an increase in network structural characteristics on
number of product recalls. Positive values indicate shareholder value added and negative values indicate shareholder value destroyed
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automobile), caution is warranted in generalizing the findings
to various empirical settings. Nonetheless, we believe that the
findings of this study should generalize to other complex
product development settings such as software development,
computers, and aircraft manufacturing. Similarly, the findings
of this study need to be interpreted within the context of the
US automobile industry. It is not clear whether the espoused
benefits of density and structural holes transcend different
cultures. A recent effort appears to suggest that the control
advantages of structural holes may not manifest in collectiv-
istic cultures and in organizations with high levels of commit-
ment [80]. Comparing the consequences of buyer-supplier
network structure in Western and Eastern economies repre-
sents a promising area of future inquiry.

In sum, our study shows that quality outcomes such as
quality and product recalls could be managed by limiting the
extent of misalignment between buyer-supplier network struc-
ture and product architecture. Our study cautions managers to
carefully assess the sourcing strategies for product systems as
it shapes the supplier network structure and impacts product
development outcomes.
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