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This study investigates the effect of information technology (IT) architecture flexibility on strategic alliance
formation and firm value. We first examine the effect of three dimensions of IT architecture flexibility

(open communication standards, cross-functional transparency, and modularity) on formation of three types of
alliances (arm’s-length, collaborative, and joint-venture alliances, respectively). Then, we examine how capabili-
ties in IT flexibility can enhance the value derived from alliances. Our sample includes data from 169 firms that
are publicly listed in the United States and that span multiple industries. We find that adoption of open commu-
nication standards is associated with the formation of arm’s-length alliances, and modularity of IT architecture
is associated with the formation of joint ventures. We also find that IT architecture flexibility enhances the value
of arm’s-length, collaborative, and joint-venture alliances. The contribution of IT flexibility to value is greater
in the case of collaborative alliances than in arm’s-length alliances. Taken together, these findings suggest that
appropriate investments in IT can help to facilitate reconfiguration of resources and modification of processes
in collaboration-intensive alliances.
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1. Introduction
Information technology (IT) has transformed the way
that firms collaborate. In strategic alliances, collabo-
rative activities include the codevelopment or recom-
bination of products and services, the joint design
of systems, and the sharing of managerial or tech-
nical expertise. Gulati (1998, p. 293) defines strate-
gic alliances as “voluntary arrangements between
firms involving exchange, sharing, or co-development
of products, technologies, or services.” Both prior
research and anecdotal evidence suggest that the
value of alliances to firms can be enhanced, not
only by optimizing the efficiency or accuracy of sup-
ply chain transactions, but also by codifying and
mobilizing tacit knowledge and reconfiguring pro-
cesses for the creation of new boundary-spanning
processes (Zollo et al. 2002). The recent experiences of
General Motors (GM) and Nissan illustrate the poten-
tial importance of these underlying alliance capabili-
ties. GM lost over $4 billion in a failed joint venture
with Fiat, whereas Nissan has been able to derive
greater value from its joint venture with Renault. The

contrasting fate of these joint ventures within the
same industry has been attributed to the ability of
alliance partners to reconfigure business processes, to
transfer managerial and technical capabilities, and to
leverage synergies through investments in IT (Mega
International 2004, Gomes-Casseres 2005, Cisco Sys-
tems 2008).

Whereas prior studies have focused on the effects
of IT in reducing transaction and coordination costs
in interorganizational relationships (Brynjolfsson et al.
1994, Clemons et al. 1993, McAfee 2005, Mithas et al.
2008), there is not as much empirical evidence regard-
ing the role of flexible IT architecture as an enabler
of interfirm collaboration. In the information systems
literature, the study of the role of IT in interorgani-
zational relationships has emphasized efficiency and
accuracy of transaction processes in existing supply
chains (Barua and Lee 1997, Hitt 1999, Mithas and
Jones 2007, Rai et al. 2006, Srinivasan et al. 1994).
Interfirm alliance capability has also been a subject
of extensive research in the strategy literature (Gulati
1999, Kale et al. 2002, Lavie 2007, Zollo et al. 2002),
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but this body of work has been largely silent on the
role of IT in the alliance context.

This study examines whether IT architecture flex-
ibility facilitates strategic alliance formation and
enables firms to derive value from alliances. Prior
literature suggests that IT architecture flexibility is
a multidimensional construct broadly comprised of
open communication standards (Gosain et al. 2005,
Sahaym et al. 2007), cross-functional transparency
(Malhotra et al. 2005, Pavlou and El Sawy 2006,
Sambamurthy et al. 2003), and modularity of IT archi-
tecture (Byrd and Turner 2000, Duncan 1995, Gosain
et al. 2005, Sanchez and Mahoney 1996). We exam-
ine the relationship between each of these dimensions
and three different types of strategic alliances: arm’s-
length, collaborative, and joint-venture alliances. We
also examine the effect of each dimension of IT archi-
tecture flexibility on the value derived from each of
these alliance types respectively. Finally, we exam-
ine the extent that IT architecture flexibility, as a
single construct comprised of all three dimensions,
enables firms to derive greater value from strategic
alliances. By distinguishing alliances by the relative
depth of interfirm collaboration activities or gover-
nance form, we discern how each dimension of flex-
ibility plays a distinct role in enabling and deriving
value from the formation of alliances. We use data
from a panel of 169 firms that are publicly listed in the
United States and that span multiple industries; these
firms have collectively engaged in 3,129 documented
alliances over a period of seven years from 2000
through 2006.

2. Theoretical Framework
Before proposing hypotheses for alliance formation
and alliance value, we discuss a taxonomy of alliances
that we use in the subsequent discussion. We define
arm’s-length alliances as alliances in which two or
more firms agree to provide, sell, or exchange a ser-
vice or product. In these alliances, firms share infor-
mation or license rights to a product, but activities
involving joint development, integration, or recom-
bination of processes or capabilities are relatively
absent. Arm’s-length alliances are loosely coupled in
governance form or in the configuration of inter-
firm business processes (Orton and Weick 1990,
Ray et al. 2009, Sahaym et al. 2007, Schilling and
Phelps 2007). In the market-hierarchy continuum,
arm’s-length alliances most closely resemble market
transactions (Oxley 1997). Arm’s-length alliances are
better suited for the transfer of highly codified capa-
bilities across firm boundaries than they are for the
sharing of tacit or firm-specific knowledge needed
to codevelop new products or services (Schilling and
Phelps 2007). Arm’s-length alliance partnerships tend

to form quickly and with minimal friction or firm-
specific investment.

We define collaborative alliances as those that
include any of the following characteristics: (1) shar-
ing of firm-specific or tacit knowledge, such as in joint
design or development (Anand and Khanna 2000,
Gulati and Singh 1998, Zollo et al. 2002); (2) recombi-
nation of products, services, or processes across orga-
nizational boundaries (Eisenhardt and Martin 2000,
Zollo et al. 2002); or (3) heavy coupling of inter-
organizational business processes (Gosain et al. 2005,
Kim and Mahoney 2006, Zaheer and Venkatraman
1994). Unlike in arm’s-length alliances, collabora-
tive alliances involve a substantial sharing of tacit
knowledge or recombination of firm resources. Col-
laborative alliances involve leveraging and recom-
bining tacit knowledge and embedded routines,
and are often coordination intensive across multi-
ple firm functions. For instance, the Sun/Intentia
alliance created a joint competency center involv-
ing multiple facets of customer support, sales, mar-
keting, engineering, and testing (see Table A.2 of
the appendix). Collaborative relationships such as
these foster conditions that enable the joint creation
of knowledge. Existing products and services may
be recombined to create novel products or services.
Rather than a single interface or point of transmis-
sion through which partnering firms might exchange
data, collaborative alliance partners create channels of
communication across multiple functional areas and
seek opportunities to recombine multiple capabilities
across organizational boundaries.

We also distinguish alliances by their equity basis,
which is a common practice in the alliance literature
(Anand and Khanna 2000, Inkpen 2008, Inkpen and
Currall 2004). Equity joint-venture alliances (or joint
ventures) can be either collaborative or arm’s-length,
and can have features of both. However, what dis-
tinguishes joint ventures from nonequity alliances is
that they involve the allocation of partner resources
to create an entirely new business entity (Inkpen
and Currall 2004). Such alliances also involve bilat-
eral investments in capital, technology, and firm-
specific assets (Gulati and Singh 1998). Compared
to nonequity alliances, joint ventures involve greater
firm-specific assets and include activities that are
more collaborative (Anand and Khanna 2000, Gulati
and Singh 1998, Oxley 1997). For these reasons, we
consider joint ventures as a third separate category
based on their governance form, even as their activity
content may share features of arm’s-length and col-
laborative alliances.

We next discuss how three dimensions of flexible
IT architecture (open communication standards, cross-
functional transparency, and modularity) can play a
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distinct role in enabling three types of alliances: arm’s-
length, collaborative, and joint-venture alliances.
Then, we discuss the moderating influence of flexible
IT infrastructure on the firm-performance effects of
alliance activity.

2.1. IT-Enabled Flexibility and Alliance Formation

2.1.1. Open Communication Standards and Arm’s-
Length Alliance Formation. Adoption of open stan-
dards is an essential dimension of IT flexibility
because it allows business partners to rapidly con-
nect, engage, and establish automated communica-
tion (Chatterjee et al. 2006, Gosain et al. 2005, McAfee
2005). Gosain et al. (2005, p. 14) define standards
as agreements among business partners “on the syn-
tax, semantics, and pragmatic aspects of documents
that are to be exchanged for the specific process
being coordinated.” An important distinction is to be
made between open communication standards and
proprietary or bilaterally established standards such
as electronic data interchange (EDI), which require
substantial firm-specific investments on the part of
one or both partners (Clemons et al. 1993, Kim and
Mahoney 2006, Venkatraman 1994). Proprietary stan-
dards can lead to inflexibility in disconnecting or
switching to new partners, or in changing the scope
of the relationship (Gosain et al. 2005). Open stan-
dards such as those based on Extensible Markup Lan-
guage (XML), on the other hand, allow for greater
flexibility in establishing automated communication
between firms (Chatterjee et al. 2006, Moore 2001, Zhu
et al. 2006).

We argue that adoption of open communication
standards is associated with formation of arm’s-
length alliances. Prior research provides two theoret-
ical explanations for this. First, the adoption of open
standards reduces asset specificity in interfirm tech-
nology investments (Sahaym et al. 2007; Schilling and
Phelps 2007; Williamson 1981, 1983). Asset specificity
in interfirm technology leads to transaction hazards,
which firms would try to mitigate by resorting to
tightly intertwined partnerships (Kim and Mahoney
2006; Mithas et al. 2008; Williamson 1981, 1983;
Zaheer and Venkatraman 1994). Adoption of open
standards enables partners to choose arm’s-length
partnerships instead of resorting to tightly inter-
twined partnerships. Second, due to issues of orga-
nizational culture or competitive positioning, some
potential partners are incompatible in forming deeply
interdependent alliance relationships and are only
willing to engage in arm’s-length partnerships with
each other. Without open communication standards,
alliance partners would need to make asset-specific
investments to establish new bilateral communication
linkages such as through EDI, which would under-
mine the arm’s-length nature of the relationship.

Open communication standards enable such firms to
form arm’s-length partnerships when they would oth-
erwise choose not to form any partnership at all.

Hypothesis 1A (H1A). Adoption of open communica-
tion standards is associated with formation of arm’s-length
alliances.

2.1.2. Cross-Functional Transparency and Col-
laborative Alliance Formation. We argue that cross-
functional transparency enables firms to engage in
alliances that are of a collaborative nature. We
define cross-functional transparency as capabilities
that are widely deployable, visible, and accessible
across different functions in a firm. This definition
draws upon related work in prior information sys-
tems literature that describes the constructs of digi-
tal reach (Sambamurthy et al. 2003), partner-enabled
knowledge creation (Malhotra et al. 2005), and func-
tional competency (Pavlou and El Sawy 2006). With-
out cross-functional transparency, functional areas
are more likely to be run in isolation as separate
silos (Pavlou and El Sawy 2006, Sambamurthy et
al. 2003). Whereas open communication standards
enable firms to establish communication channels
more easily, cross-functional transparency facilitates
collaboration across many functional areas, enabling
new joint innovation projects to take place (Malhotra
et al. 2005).

Cross-functional transparency can expose mutual
capabilities among partners and hence create oppor-
tunities for joint innovation. Hagel and Brown (2001,
p. 113) refer to this as “the ability to discover
and orchestrate distinctive capabilities across enter-
prises,” in which firms “find themselves turned inside
out, with their formerly well-guarded core capabil-
ities visible and accessible to all.” This is impor-
tant in collaborative alliances, which involve greater
complexity of interfaces and recombination of tacit
resources among alliance partners. The high coupling
of business processes and exchange of tacit knowl-
edge in collaborative alliances means that they are
not only more challenging to form than arm’s-length
alliances, but also that detecting opportunities for
creating value may be more difficult. Without cross-
functional transparency, the opportunities for value-
creation through recombination are more likely to go
undetected (Galunic and Rodan 1998). By increasing
the visibility and transparency of knowledge within
firms, this dimension of flexible architecture can
enhance entrepreneurial alertness and enable firms to
extend existing assets to new contexts in collaborative
alliances (Sambamurthy et al. 2003). Therefore, cross-
functional transparency should increase the likelihood
that new collaborative initiatives that integrate multi-
ple functional areas are formed.

Hypothesis 1B (H1B). Cross-functional transparency
is associated with formation of collaborative alliances.
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2.1.3. Modularity of IT Architecture and For-
mation of Joint Ventures. Modularity of enterprise
functions embodies a third essential dimension of
flexible IT architecture (Duncan 1995, Gosain et al.
2005, Natis and Schulte 2003). Modularity of IT archi-
tecture enables the firm to decompose processes into
atomic, fine-grained units of functionality, referred to
as software components, modules, objects, or services,
which can then be recombined easily with other mod-
ules to quickly construct a new process (Sanchez and
Mahoney 1996). This capability requires the firm to
be able to design components at appropriate levels of
granularity and resiliency so that they can be more
easily added, replaced, or invoked in novel ways
without needing to be rebuilt (Prahalad and Krishnan
2008). By enabling rapid and fine-grained decompos-
ability of business logic or processes, the firm signifi-
cantly enhances the flexibility of its business processes
and is then able to adapt quickly to changes in busi-
ness requirements driven by market conditions or
strategy (Mithas and Whitaker 2007). This becomes
particularly useful in the large-scale reconfiguration
of business processes, particularly when a new oper-
ating entity is formed as a result of a partnership. This
also allows for separability of key functions, which
reduces the costs of reconfiguration and enables the
creation of new highly integrated entities.

We argue that modularity of IT enhances the likeli-
hood of formation of new business entities as required
in joint ventures, by reducing the cost of reconfigur-
ing existing business processes. Among alliance types,
joint ventures require a greater degree of task inte-
gration in their formation, under conditions of high
“uncertainty and decision-making urgency” (Inkpen
and Currall 2004, p. 587). Joint ventures are also
dynamic and coevolving systems of collaboration,
which further compounds the complexity of integra-
tion (Inkpen 2008, Inkpen and Currall 2004). This
requires a substantial ability to disaggregate and reag-
gregate aspects of firm capabilities and processes, and
thus modularity is an important enabler of joint ven-
ture formation. Modularity of organizational form,
which facilitates the creation of new business entities
(Ethiraj and Levinthal 2004, Sanchez and Mahoney
1996, Schilling and Phelps 2007), is enhanced in the
modularity of IT architecture. By enabling flexibility
and agility in creating new business entities, modular-
ity in IT architecture enables firms to engage in more
joint ventures.

Hypothesis 1C (H1C). Modularity of IT architecture
is associated with formation of joint ventures.

2.2. Dimensions of IT-Enabled Flexibility in
Alliance Value

Thus far, we have linked individual dimensions of
architecture flexibility to formation of specific types

of alliances. We next consider whether each of
these dimensions of IT flexibility enables firms to
derive greater value from the corresponding alliances.
Although IT architecture flexibility is not immedi-
ately reflected in accounting measures such as sales, it
may be valued by market investors along with other
IT capabilities (Anand and Khanna 2000, Chan et al.
1997). Prior studies have argued for the use of firm-
value-based constructs in studying the performance
impacts of investments in IT, because such forward-
looking measures are less vulnerable than accounting-
based measures to idiosyncrasies of accounting
practice (Bharadwaj et al. 1999, Brynjolfsson et al. 2002,
Chari et al. 2008). Thus, we consider the value impli-
cations of aligning each dimension of IT flexibility to
a respective type of alliance.

Hypothesis 2A (H2A). Adoption of open communica-
tion standards has a positive moderating influence in the
effect of arm’s-length alliances on firm value.

Hypothesis 2B (H2B). Cross-functional transparency
has a positive moderating influence in the effect of collabo-
rative alliances on firm value.

Hypothesis 2C (H2C). Modularity has a positive mod-
erating influence in the effect of joint ventures on firm
value.

2.3. Overall IT-Enabled Flexibility in
Alliance Value

Although the individual dimensions of IT flexibility
may have a direct link in association with specific
alliance formation types, it is conceivable that the
individual dimensions of flexibility may not in isola-
tion be sufficient to enable firms to derive value from
alliances. Thus, we conceptualize a single construct
of IT architecture flexibility that comprises all three
dimensions and consider how IT architecture flexibil-
ity helps to derive value from each of these types of
alliances.

Even as alliances are formed, business requirements
change and lead to changes in established inter-
firm processes. Without sufficient modularity, arm’s-
length alliance partners would be more likely to
build firm-specific software patches that undermine
the loosely coupled nature of the relationship (Erl
2007). Modularity reduces relation-specific commit-
ments, should the need arise to modify interfirm pro-
cesses (Baldwin and Clark 2000, Byrd and Turner
2000, Erl 2007). Without cross-functional transparency,
firms would be more likely to create redundant func-
tionality or miss opportunities to create new value. IT
architecture flexibility enables firms in arm’s-length
alliances to avoid excessive integration and protect
the loosely coupled nature of the relationship. There-
fore, we argue that overall IT architecture flexibility
can enhance the value that firms derive from arm’s-
length alliances.
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Hypothesis 3A (H3A). Flexible IT architecture has a
positive moderating influence in the effect of arm’s-length
alliances on firm value.

Because collaborative alliances involve the shar-
ing or tacit exchange of knowledge, they require
transformation and integration of products, systems,
or processes. These capabilities can be enhanced by
flexibility in business processes. Besides enhanced
sensing of opportunities through cross-functional
transparency, the other two dimensions of flexibility
allow the firm to successfully exploit opportunities
and to implement new initiatives more effectively in
the course of collaborative relationships.

Hypothesis 3B (H3B). Flexible IT architecture has a
positive moderating influence in the effect of collaborative
alliances on firm value.

Because joint ventures involve the creation of new
business entities, they have high reconfiguration costs
in formation. Modularity of IT facilitates the cre-
ation of new business entities by helping firms to
reconfigure operational processes. Adoption of open
standards and cross-functional transparency can also
complement modularity and help alliance partners
mitigate high reconfiguration costs in the coevolu-
tion of shared capabilities. In joint ventures, firms
become tightly bound together in a governance form
that resembles a hierarchical arrangement (Gulati and
Singh 1998, Inkpen 2008, Inkpen and Currall 2004,
Oxley 1997, Zollo et al. 2002). This increases the like-
lihood that alliance partners will need to coevolve the
relationship as business conditions require it, because
the governance mechanism is designed to make dis-
solution of the alliance difficult (Inkpen and Currall
2004, Young-Ybarra and Wiersema 1999). In addition
to modularity, open standards and cross-functional
collaboration help make the modular components
reusable, interchangeable, and valuable in many busi-
ness contexts.

Hypothesis 3C (H3C). Flexible IT architecture has a
positive moderating influence in the effect of joint ventures
on firm value.

3. Research Design and Methodology
3.1. Data
The data for this study come from several sources.
First, we utilized data on firms’ flexible IT architec-
ture practices reported in the InformationWeek 2003
survey. InformationWeek surveys are considered reli-
able and have been used in prior studies (Bharadwaj
et al. 1999, Rai et al. 1997). We also obtained data on
annual IT investment from InformationWeek surveys
from 2000 to 2006, which was the basis for construc-
tion of a panel data set. Because IT flexibility mea-
sures were provided in only one year, those measures

were treated as invariant, whereas other measures
such as alliance formation activity, IT investment, and
other variables varied year over year. Although it
is possible that firms’ utilization of practices related
to IT architecture flexibility varied over the time
of the panel, such practices would have developed
slowly and over at least a multiple number of years
(Natis and Schulte 2003). A panel from 2000–2006 is
short enough to assume that the flexible IT architec-
ture practices are constant over this period, and it
is long enough to correct for potential unobserved
heterogeneity and endogeneity through fixed-effects
panel analysis. To check the sensitivity of results to
this assumption, we used different windows of time
in estimation models. Although different firms are
included in the InformationWeek sample in each year,
a given firm is present for an average of three out of
the seven years.

Second, for firms in the final sample, we retrieved
3,129 alliance announcements from the SDC Platinum
database (a product of the Thomson Reuters Corpo-
ration) in the period from 1996 to 2006. Although it
does not track every deal entered into by U.S. firms,
SDC Platinum is considered to be among the most
comprehensive sources of data on alliances and has
been used in many prior academic studies (Anand
and Khanna 2000, Lavie 2007, Schilling 2009). Alliance
records in the SDC database included dates, deal type,
descriptions, names, and Standard Industrial Class-
fication codes of all participating firms, a listing of
activities involved in the alliance, and a flag indicat-
ing whether the alliance was a joint venture. Less than
7% of the alliances retrieved from the SDC database
involved two or more firms included in the Informa-
tionWeek data. The rest involved an alliance between
an in-sample focal firm, for which we had Information-
Week data, and out-of-sample partners for which we
had no firm-level data on IT investment or IT archi-
tecture flexibility practices. In many cases, however,
we were able to obtain other firm-level or industry-
level characteristics of partner firms from Compus-
tat and the Bureau of Economic Analysis. To verify
the representativeness of alliance counts in our data
set with the actual population of alliances, we used
a random number generator to select 10% of firms in
the final sample and conducted comprehensive man-
ual searches for alliance formation announcements in
Factiva news database between the years of the study
period. We found a statistically significant correlation
of 0.81 (p < 00001) between the SDC alliance counts
and Factiva alliance announcement counts. Our find-
ings are consistent with those of Schilling (2009), who
showed that the alliance listings in the SDC database
are well representative of the population of alliances
particularly when, as in the current study, the sam-
ple consists primarily of large firms operating in
technology-intensive industries.
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Finally, we retrieved performance variables as well
as firm-level and industry-level controls from the
Compustat North America database. We also gath-
ered these data on each of the focal firms’ alliance
partners whenever they were available. Our final
sample includes 169 publicly listed firms represent-
ing 50 different industries at the three-digit North
American Industry Classification System (NAICS)
level.

3.2. Variables
Our measure of IT architecture flexibility is based
upon adoption and use of service-oriented architec-
ture (SOA) by the firm, which are closely associated
with the flexibility-related capabilities of process
reconfiguration and opportunity detection (Chatterjee
et al. 2006, Cherbakov et al. 2005, Erl 2007, McAfee
2005). The IT architecture flexibility measure reflects
four dimensions: (1) the use of XML, a common
data representation language that is used in SOA
(Open standards); (2) the number of business functions
for which Web services are used, which proxies for
firm wide breadth of Web service use (Cross-functional
transparency); (3) the deployment of a services-based
architecture (Modularity); and (4) the use of technical
standards that comprise an “enabling layer” on top
of which SOA is built (SOATechLayer). Because each
of the dimensions of SOA has a different scale, we
standardized the SOA measure components Modular-
ity, Open standards, Cross-functional transparency, and
SOATechLayer. The indicators are not necessarily inter-
changeable, and the direction of causality flows from
these indicators to the main construct. Hence, accord-
ing to the criteria of Jarvis et al. (2003), these are for-
mative indicators. An unrotated principal components
analysis reveals that all items comprising the measure
of SOA load positively onto the first principal com-
ponent, with weightings for each of between 0.41 and
0.56. Hence, we use the first principal component in
all subsequent analysis. Further details about the SOA
measures are provided in the appendix.

The measures of alliance formation are the num-
ber of new alliance announcements in any given year.
Alliances are classified as either collaborative (Collab)
or arm’s-length alliances (Arm’s-len), and also either
as joint ventures (JV) or nonequity alliances (Non-Eq).
Joint ventures are easy to identify because they are
based on a binary variable that is given in the original
SDC Platinum data set of alliances, and this source
has been used and found reliable in many prior stud-
ies (Anand and Khanna 2000, Schilling 2009). We
developed and validated a procedure of automated
content analysis to classify each of the 3,129 alliances
as collaborative or arm’s-length. Using a set of simple
coding rules, we classified each alliance as collabora-
tive or arm’s-length based upon the “deal text” field

provided in the SDC Platinum database. Finally, we
examined the outcome of automated coding for both
sufficient variation in data, robustness of results, and
consistency with manual coders. Further details about
these measures are given in the appendix.

The measure of firm value is Tobin’s q (Q), which
has been used to measure the performance impacts
of alliances as well as of IT investment (Bharadwaj
et al. 1999, Lavie 2007): Tobin’s q = 4MVE + PS +

DEBT5/TA, where PS is the liquidating value of the
firm’s outstanding preferred stock, and TA is the
book value of total assets. MVE is the average of
12 end-of-month market values of equity obtained
from the Center for Research in Security Prices,
which makes this measure less vulnerable to end-
of-year market volatility. Consistent with Bharadwaj
et al. (1999), DEBT is calculated as follows: DEBT =

(current liabilities − current assets) + (book value of
inventories) + (long-term debt).

Among the control variables, IT intensity (IT) serves
as a proxy for overall information intensity of a firm’s
operations. IT intensity is measured as the percent-
age of revenue represented by the firm’s total world-
wide IT budget. IT expenditure includes hardware,
software, network infrastructure, salaries and recruit-
ment of IT professionals, Internet-related costs, and
IT-related services and training. Given the comprehen-
siveness of this measure in capturing all of a firm’s
IT-related expenses, this construct is a proxy for over-
all information intensity of a firm’s operations. For a
limited portion of the sample, we were able to obtain
measures of partner characteristics, including num-
ber of employees, research and development (R&D),
advertising, free cash flow, profitability, and industry-
average IT investment. We also include control for size
of the alliance based upon capitalization values, either
estimated or stated in the alliance announcement. All
control variables are defined in the appendix. Table 1
shows summary statistics and correlations.

3.3. Estimation Models

3.3.1. Models for Alliance Formation. We use
count models because the alliance formation variable
is a discrete and positive integer. A common approach
in modeling count data is to use the Poisson model,
which assumes that the mean and variance of the
dependent variable are equal. Because alliance counts
show some overdispersion, we also report the neg-
ative binomial panel models. For both Poisson and
negative binomial models, we utilize panel random-
effects models to account for persistent individual
unobserved effects. In all models, the likelihood ratio
comparing model estimates to the corresponding
pooled models are significant, suggesting that panel
count models are appropriate. We also control for year
and industry fixed effects, along with a number of
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Table 1 Summary Statistics and Correlations

N M SD 1 2 3 4 5 6 7 8 9 10

1 Q 11126 1047 1033 1000
2 Arm’s-len 11010 0053 1045 0030 1000
3 Collab 11010 0043 1036 0035 0071 1000
4 JV 11010 0028 1003 0026 0020 0033 1000
5 Non-Eq 11010 1037 3098 0044 0052 0049 0062 1000
6 SOA 635 0012 1028 0014 0011 0010 0003 0012 1000
7 Open standards 635 −0001 0095 0012 0011 0010 0005 0012 0071 1000
8 Transparency 635 0014 1000 0011 0015 0014 0003 0018 0072 0034 1000
9 Modularity 635 0007 1001 0004 0000 −0004 0003 −0003 0051 0020 0018 1000

10 IT 11126 0003 0003 0012 0008 0004 0000 0007 0002 0000 0008 0002 1000
11 Alliance size 11126 180052 683050 0045 0050 0054 0068 0094 0012 0011 0013 −0001 0006
12 Ind. cap. intens. 11126 0029 0018 −0023 −0014 −0012 −0007 −0018 0000 −0007 0002 −0006 −0015
13 Herfindahl index 11126 0007 0008 −0007 −0007 −0010 −0005 −0007 −0007 −0011 −0005 −0002 0000
14 Regulation 11126 0016 0037 −0003 −0006 −0010 −0006 −0006 0001 −0003 0001 −0009 0006
15 Market share 11126 0004 0007 0000 −0001 −0005 0007 0005 −0003 0000 0001 0003 −0004
16 Diversification 11126 0021 0044 −0012 −0003 −0002 0012 −0006 −0015 −0006 −0016 −0001 −0004
17 Employees 11126 37017 52078 −0002 0015 0013 0017 0015 −0004 −0002 −0005 0002 0002
18 Advertising 11126 0003 0003 0015 −0008 −0007 −0004 −0006 0002 −0001 0002 0004 0007
19 R&D 11126 0003 0005 0030 0017 0020 0007 0022 0012 0012 0013 −0004 0014
20 Industry Tobin’s q 11126 1027 0082 0039 0007 0010 0022 0022 0002 0006 0002 −0001 0009

N M SD 11 12 13 14 15 16 17 18 19 20

9 Modularity 635 0007 1001
10 IT 11126 0003 0003
11 Alliance size 11126 180052 683050 1000
12 Ind. cap. intens. 11126 0029 0018 −0014 1000
13 Herfindahl index 11126 0007 0008 −0009 0006 1000
14 Regulation 11126 0016 0037 −0005 0052 −0010 1000
15 Market share 11126 0004 0007 0002 0017 0052 0004 1000
16 Diversification 11126 0021 0044 −0003 −0011 −0007 −0012 −0008 1000
17 Employees 11126 37017 52078 0018 0004 0010 −0006 0028 0015 1000
18 Advertising 11126 0003 0003 −0006 0004 0000 0007 −0003 −0011 −0009 1000
19 R&D 11126 0003 0005 0019 −0037 −0020 −0007 −0019 −0009 0000 −0010 1000
20 Industry Tobin’s q 11126 1027 0082 0018 −0028 −0005 −0017 0004 −0005 0002 0016 0022 1000

Note. N, number of observations; M, mean; SD, standard deviation.

firm variables that are considered to influence pro-
clivity to form alliances. We used several techniques
to examine the potential effects of endogeneity and
simultaneity in robustness checks discussed in §4.
Table 2 shows the results of the panel Poisson and
panel negative binomial regressions. All regressions
are highly significant, as evidenced by the significant
Wald chi-square statistics.

3.3.2. Models for IT-Enabled Business Value in
Alliances. In theory, alliances create value that is not
quantified in the accounting books: intangible interor-
ganizational resources that can generate future prof-
its through the joint development of new products
or services (Anand and Khanna 2000, Chan et al.
1997). Hence, we incorporate ALNCS, the number of
alliances (of any type such as Collab, Arm’s-len, or JV)
formed annually into a Tobin’s q framework similar
to the model used by Bharadwaj et al. (1999):

Qi1 t = �o +�SOASOAi +�H∗SOAi × ALNCSi1 t

+�IT ITi1 t +�AALNCSi1t + XCÂC

+èt�t yeart +èi�i industryi +ui + �i1 t0 (1)

The matrix XC represents controls for capital inten-
sity, Herfindahl index (a measure of industry
concentration), industry regulation, market share,
diversification, the log of the number of employees,
R&D, and advertising. Equation (1) also includes year
and industry (two-digit NAICS) dummy variables.

Fixed-effects panel estimation is a simple way to
remove the influence of any firm-specific omitted fac-
tors that do not vary much over short periods of
time (e.g., organizational culture, managerial capabil-
ity, and brand reputation), relegating any remaining
endogeneity to idiosyncratic time-varying unobserv-
ables that are comparatively small. We use robust
standard errors to correct for possible nonspherical
errors. We note that there would be a reason to clus-
ter errors by individual firm or alliance to correct
for the sample containing both sides of an alliance
dyad. However, this occurs in such small proportion
of cases (less than 7%) that the net benefit of such
a correction would be negligible. Overall, our results
show a similarity in coefficient estimates (in direction
and significance) between random- and fixed-effects
models, suggesting that the estimates are robust to the
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Table 2 How Dimensions of IT Flexibility Relate to Alliance Formation

(1) (2) (3) (4) (5) (6)
Panel count model Poisson Panel NB Poisson Panel NB Poisson Panel NB

Arm’s-length Arm’s-length Collab Collab JV JV

H1A 00231∗∗ 00205∗∗ 000756 00155 −000165 −000400
Open standards 4001165 4001145 4001305 4001345 4001395 4001405

H1B 000950 000968 00113 00124 000561 000661
Cross-functional transparency 4001055 4001055 4001195 4001175 4001295 4001275

H1C 000770 000548 000490 000452 00301∗∗ 00299∗∗

Modularity 4001035 4001025 4001165 4001135 4001275 4001255
IT 10861 10797 10738 10710 20430∗ 20571∗

4101665 4101665 4101565 4101505 4104475 4104205
log(Employees) 00185∗∗ 00216∗∗ 00242∗∗ 00314∗∗∗ 00301∗∗ 00307∗∗∗

40008845 40009065 4001015 4001045 4001195 4001175
Herfindahl index −20365 −10704 −70734∗∗ −70969∗∗ −11026∗∗∗ −10077∗∗∗

4106125 4105695 4300835 4301165 4309215 4308125
Regulated industry 00419 00410 −00478 −00532 −00858 −00812

4003705 4003715 4004585 4004665 4005315 4005145
Market share 00965 00794 20053 10383 70002∗∗ 60889∗∗∗

4200045 4109415 4205025 4204715 4207355 4206425
Rel. diversification 00187 00213 00146 00138 00515∗∗ 00460∗

4002115 4002195 4002205 4002285 4002345 4002425
Advertising −40825 −50217 −30891 −20889 00255 00824

4400005 4402725 4404835 4405235 4409005 4408855
R&D 00677 00724 10313 10117 10879 10823

4008735 4008675 4009905 4009795 4104535 4104265
Industry Tobin’s q 00360∗∗∗ 00388∗∗∗ 00493∗∗∗ 00486∗∗∗ 00318∗∗ 00318∗

40009935 4001085 4001095 4001185 4001575 4001645
Constant −10238∗∗∗ 00231 −10742∗∗∗ 000108 −20208∗∗∗ −00249

4003845 4005965 4004615 4006435 4005395 4009065
Wald �2 12900∗∗∗ 11307∗∗∗ 13404∗∗∗ 11607∗∗∗ 10809∗∗∗ 99083∗∗∗

Observations 702 702 702 702 702 702
Number of firms 172 172 172 172 172 172

Notes. Panel Poisson and negative binomial (NB) regression models (172 firms, 702 observations) with random effects are shown. The dependent variable is
number of alliances formed per year. The models also include two-digit NAICS industry and year dummy variables. Standard errors are in parentheses.

∗Significant at 10%; ∗∗significant at 5%; ∗∗∗significant at 1%.

choice of panel estimator. Because the coefficients of
interest are the interaction terms that vary over time,
we rely on fixed-effects estimators, which have better
consistency properties than random-effects or pooled
ordinary least squares (OLS) estimators (Greene 2003).
Along with fixed-effects estimates, we also present
pooled OLS results to show cross-sectional effects in
the data.

We estimated each model with and without addi-
tional controls for alliance partners, including R&D,
advertising, cash flow, profitability, and number of
employees of alliance partners. Because these control
variable data are not available for all alliance partners,
sample size is substantially reduced when alliance
partner control variables are included. The coefficients
of interaction terms of interest remain similar in mag-
nitude, direction, and significance, suggesting that we
can rely on the larger sample, which does not include
these additional controls.

4. Results
Table 2 presents results for our first set of hypothe-
ses linking three dimensions of IT-enabled flexibility
with three types of alliances. Hypothesis 1A, which
predicts that open standards are associated with a
greater likelihood of arm’s-length alliance formation,
is supported (p < 0010). We did not find support for
Hypothesis 1B, which predicts that cross-functional
transparency is associated with a greater likelihood
of collaborative alliance formation. Hypothesis 1C,
which predicts that modularity is associated with
a greater likelihood of joint venture formation, is
supported (p < 0005). We also find that the other
dimensions of flexibility are less important for the
formation of joint ventures; that is, joint venture for-
mation is not associated with cross-functional trans-
parency and open standards. The results support
prior theory linking open communication standards
with lower asset specificity (Sahaym et al. 2007), and
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also support our hypothesis linking modularity with
joint ventures, which involve the joint creation of new
business entities.

Table 3 presents results for our second set of
hypotheses linking three dimensions of IT-enabled
flexibility with value derived from three correspond-
ing types of alliances. Hypothesis 2A, which predicts
that adoption of open standards has a positive influ-
ence on value derived from arm’s-length alliances, is
supported (p < 0005). Hypothesis 2B, which predicts
that cross-functional transparency has a positive influ-
ence on value derived from collaborative alliances, is
also supported (p < 0001). We did not find support
for Hypothesis 2C, which predicts that modularity
has a positive influence on value derived from joint

Table 3 Componentwise Moderating Effect of IT Flexibility
Dimensions on Tobin’s q

(1)
Variables Tobin’s q

�H2A : Open standards × Arm’s-len 000767∗∗

40003825
�H2B: Cross-func. transparency × Collab 00130∗∗∗

40004815
�H2C: Modularity × JV −000689

4001065
Modularity × Arm’s-len −000583∗

40003445
Cross-func. transparency × Arm’s-len 000422

40003205
Modularity × Collab −0000487

40004365
Open standards × Collab 000162

40005735
Cross-func. transparency × JV 00111

40008695
Open standards × JV 000516

4001095
JV 00158∗

40008375
Collab −000320

40005225
Arm’s-len −000386

40003135
Alliance size 00000487∗∗∗

4000001475
IT 00527

4008275
R2 00574
F -statistic 31022∗∗∗

Observations 635
Number of firms 169

Notes. A fixed-effects panel regression is shown. The model also includes
two-digit NAICS industry and year dummy variables, industry capital inten-
sity, industry regulation, market share, diversification, advertising, R&D,
industry Tobin’s q, log of employees, and the Herfindahl index. Robust stan-
dard errors are in parentheses.

∗Significant at 10%; ∗∗significant at 5%; ∗∗∗significant at 1%.

ventures. Regarding the other six componentwise
interactions that were not hypothesized, we did not
find statistically significant interaction effects except,
surprisingly, in the negative interaction between
modularity and arm’s-length alliances. It may be that
modularity itself, without sufficient cross-functional
transparency or open communication standards, may
undermine the value of arm’s-length alliances. This
underscores the need to examine the effect of IT flex-
ibility as a single combined construct.

We found broad support for the notion that flexible
IT architecture, as a single combined construct, will
enhance the value creation in three types of alliances.
Hypotheses 3A–3C predict that SOA will have a
positive influence on the value contribution of each
arm’s-length, collaborative, and joint-venture alliance,
respectively. In the case of arm’s-length alliances,
H3A is weakly supported; as seen in the fixed-effects
panel results in Table 4 (column (3); �H3A = 000443,
p < 0005, two-tailed t-test).

Hypothesis 3B predicts that SOA will have a
positive influence on the value contribution of collab-
orative alliances. Estimation results in Table 4 sup-
port this hypothesis (column (3); �H3B = 00142, p <
0001, two-tailed t-test). Coefficient estimates show this
moderating effect to be greater in the case of collabo-
rative alliances than in arm’s-length alliances, as indi-
cated by a comparative F -test significant at the 5%
level. This does not appear to be driven by the size or
inherent value of these alliances, because we control
for size as well as direct effects. This suggests that IT
architecture flexibility is particularly valuable when
firms need to recombine resources or detect oppor-
tunities in the context of tacit knowledge exchange,
capabilities that are required in collaborative alliances.

Hypothesis 3C predicts that SOA will have a pos-
itive influence on the value contribution of each
joint venture. Table 4 shows the effect of SOA with
joint ventures along with alliances that are not joint
ventures (Non-Eq), and shows that Hypothesis 3C is
supported (column (6); �H3C = 00217, p < 0001).1 Over-
all, the findings suggest that the three dimensions of
flexibility together are complementary in generating

1 The models in Table 4 examine collaborative versus arm’s-length
alliances and joint ventures versus nonequity alliances separately.
As discussed in the appendix (and shown in Table A.3), these are
alternative classifications of alliances although they have impor-
tant conceptual distinctions. Joint ventures tend to be (but are not
always) collaborative alliances, whereas nonequity alliances tend
to be (but are not always) arm’s-length alliances. Thus, combining
all four types of alliances into a single firm-value model leads to
collinearity and inflated errors of coefficient estimates. However,
for the sake of completeness, we estimated OLS, random-effects,
and fixed-effects models (with the same control variables) in which
collaborative, arm’s-length, and joint-venture alliances are included
together, and verified that Hypotheses 3A–3C are supported in
such models as well.
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Table 4 Moderating Influence of SOA in the Effect of Alliance Formation on Firm Value

(1) (2) (3) (4) (5) (6)

FE panel FE panel
Variables OLS IVREG FE Variables OLS IVREG FE

SOA 000721∗∗∗ SOA 000747∗∗∗

40002645 40002835
Arm’s-len −00124∗∗ −000973 −000204 Non-Eq −00111∗∗∗ −00259∗∗ −000163

40005165 4001455 40003155 40003525 4001175 40002695
Collab −000117 −00129 000948∗∗∗ JV 000597 00593∗ 00140∗∗

40007055 4001895 40003425 4001105 4003125 40005515
Alliance size 00749∗∗∗ 1013∗∗∗ 00559∗∗∗ Alliance size 00951∗∗∗ 00749 00704∗∗∗

4002255 4003775 4001215 4002565 4005175 4001295
�H3A : SOA × Arm’s-len 000593 000547 000443∗∗ SOA × Non-Eq 000492∗∗ 00143∗∗∗ 000459∗∗

40003605 40004425 40001845 40002175 40004165 40001775
�H3B: SOA × Collab 00107∗∗∗ 00180∗∗∗ 00142∗∗∗ �H3C: SOA × JV 00211∗∗∗ 00149∗∗∗ 00217∗∗∗

40003685 40004595 40002025 40007875 40004825 40003155
IT 1030 −000405 000306 IT 1018 00879 000611

410325 4101685 4100885 410295 4103245 4100895
Ind. cap. intens. −00995∗∗∗ 20122 20157 Ind. cap. intens. −1006∗∗∗ 20114 10982

4002035 4106085 4105325 4002085 4108055 4105325
Herfindahl index −00445 −30499∗ −30104∗ Herfindahl index −00427 −10924 −30064∗

4006955 4109155 4108115 4006955 4202605 4108155
Regulated industry 000772 Regulated industry 000867

4001275 4001305
Market share 00949 00945 00872 Market share 00872 00871 10004

4006095 4108895 4107775 4006205 4201055 4107775
Rel. diversification −000971 00118 00175 Rel. diversification −00120∗ −000364 00132

40006715 4002335 4002195 40007095 4002685 4002195
log(Employees) 000296 −000987 −000697 log(Employees) 000219 −00176 −000564

40003815 4001365 4001145 40003895 4001435 4001145
Advertising 1004∗∗∗ 20937 20128 Advertising 1006∗∗∗ 00223 10336

410835 4301865 4209765 410835 4307635 4209855
R&D 3020∗∗ −00176 −00629 R&D 3033∗∗ −20668 −00576

410325 4203745 4202425 410335 4208045 4202465
Industry Tobin’s q 00664∗∗∗ 00726∗∗∗ 00673∗∗∗ Industry Tobin’s q 00682∗∗∗ 00792∗∗∗ 00715∗∗∗

40008515 4001135 4001015 40008455 4001255 4001015
R2 00495 00438 00489 R2 00507 00291 00489
Wald �2 4,786∗∗∗ Wald �2 3,804∗∗∗

F -statistic 16039∗∗∗ 22050∗∗∗ F -statistic 15034∗∗∗ 22048∗∗∗

Hausman 2060 Hausman 7015
Comparison (p = 1000) Comparison (p = 0099)
Sargan 2090 Sargan 1062

(overidentification) (p = 0041) (overidentification) (p = 0044)
Anderson (1984) 10090∗∗ Anderson (1984) 19069∗∗∗

Lagrange multiplier Lagrange multiplier
(underidentification) (underidentification)

Notes. Fixed-effects instrumental variables (FE Panel IVREG) and panel fixed-effects models (FE) ar shown. The dependent variable is Tobin’s q. The sample
size is 635 observations for 169 firms. Instruments for Arm’s-len, Collab, JV, and Non-Eq are one-, two-, and three-year lagged values of alliance partners’
resources and investments (total income before extraordinary items, earnings per share including extraordinary items, income taxes, and depreciation and
amortization). Models also include two-digit indicators for NAICS industry, year dummy variables, and a constant term. Sample sizes are restricted based on
availability of excluded instruments. Hausman test statistics show no significant differences between fixed-effects panel instrumental variables estimates and
standard fixed-effects estimates. Standard errors are in parentheses.

∗Significant at 10%; ∗∗significant at 5%; ∗∗∗significant at 1%.

value from alliances, although individual dimensions
may not by themselves have positive and significant
moderating effects. Variance inflation factors (VIFs)
are below 5.7 for all variables, with a mean VIF of
1.95, suggesting no substantial multicollinearity in
these models.

We note that the marginal effect of IT invest-
ment appears less significant here than in estimates

reported by Bharadwaj et al. (1999). Using the
same models and variables restricted to the set
used in the previous study, we also find that IT
investment has a positive and significant effect on
Tobin’s q.2 As expected, the marginal effect of IT

2 In restricted models, our base estimate for the IT coefficient is 3.40
for OLS (p < 0001), and 1.54 in random-effects estimation (p < 0010).



Tafti, Mithas, and Krishnan: IT-Enabled Flexibility, Alliances, and Market Value
Management Science 59(1), pp. 207–225, © 2013 INFORMS 217

investment becomes smaller in models that also
include SOA. Whereas IT investment represents the
financial resources invested to develop IT capabilities,
the SOA measure is a more direct proxy of an actual
aspect of IT capability (IT flexibility). In light of our
theory emphasizing the importance of IT flexibility
in the alliance context, the inclusion of alliance for-
mation variables and interactions between alliances
and SOA should also result in a lower marginal effect
of IT. Further differences in model estimates can be
attributed to the smaller size of our final sample
(firms reporting SOA measures) and the use of fixed-
effects models, which remove cross-sectional effects in
the data.

We conducted several robustness checks. First,
we tested for the effects of possible endogene-
ity and simultaneity in the number and type of
alliances in which firms decide to engage. For mod-
els of alliance formation, we conducted seemingly
unrelated Poisson and seemingly unrelated negative
binomial regressions and found the same statistical
significance of hypothesized coefficient estimates as
in our reported panel count models, indicating that
simultaneous errors across models are not influential.
Because pure instrumental variables for SOA are not
available, we used a simple approach introduced by
Wooldridge (2005) to account for unobserved effects
in nonlinear panel models. This technique incorpo-
rates a lagged dependent variable and a proxy for ini-
tial value of formation of three alliance types (using
data from four years before the sample period) into
the panel count models. The coefficient estimates of
such models have the same direction and statisti-
cal significance as in the regular panel count mod-
els that we report, and Hausman comparison tests
do not indicate any significant differences between
model estimates.

Second, we consider potential endogeneity in mod-
els for IT-enabled business value, using panel fixed-
effects instrumental variable regression results. We
used two- and three-year lagged changes in alliance
partners’ resources and investments (total income
before extraordinary items, earnings per share includ-
ing extraordinary items, income taxes, and deprecia-
tion and amortization) as instruments for the annual
number of focal firms’ collaborative and arm’s-length
alliances, and also for the annual number of joint ven-
tures and nonequity alliances. Results are shown side
by side with regular fixed-effects panel estimates in
Table 4. The F -statistic of the first-stage regression

Across all specifications, our coefficient estimates for IT are well
within the range of −1072 to 9.24 in the study by Chari et al.
(2008), and reasonably close to the range of 0.15 to 0.70 in the study
by Bharadwaj et al. (1999). It is important to note that the firm-
performance impacts of IT and other investments can differ over
time (see Mithas et al. 2012 for a discussion).

models and F -test of excluded instruments indicate
that the instruments have strong relevance. The sta-
tistically insignificant Sargan statistic does not cast
doubt on orthogonality of excluded instruments with
model residuals (Wooldridge 2002). The Anderson
(1984) Lagrange multiplier test for underidentification
is statistically significant, suggesting that the models
are not underidentified (the rank condition for identi-
fication is satisfied). The Hausman test statistic com-
paring the panel instrumental variable fixed-effects
estimates with the standard fixed-effects estimates is
insignificant, suggesting that any possible endogene-
ity in the number of alliances or proportion of alliance
types has no significant influence on the hypothesized
relationships. Together, these tests suggest that the
instrumental variables are valid.

Third, we conducted tests of reverse causality by
including forward values of IT and alliance activity
in fixed-effects panel regressions and found those for-
ward values to have no significant effects on Tobin’s q.
In addition, we conducted tests using historical val-
ues of Tobin’s q in place of the dependent variable—
a robustness strategy also carried out by Black and
Lynch (2001). These tests reveal no evidence that his-
torical performance influences current alliance net-
work size, SOA, or IT investment.

Fourth, although we believed the period 2000–2006
to be the most appropriate for inclusion of SOA, we
also conducted tests that restricted the panel to years
2002 and beyond and found coefficient estimates that
are consistent with those presented here, although,
as expected, the statistical precision declines some-
what. We also conducted tests (excluding aggregate
IT investment) that include the prior years of 1996–
1999 in the model and found coefficient estimates
that are consistent in direction and significance with
those presented here. As might be expected, the evi-
dence suggests that the emergence of SOA was not
a sudden exogenous shock. Rather, the measure of
SOA appears to be capturing a firm’s engagement
in a longer-term program to create business pro-
cess infrastructure flexibility, having probably begun
with earlier incarnations of SOA technologies. We
also conducted fixed-effects estimates using addi-
tional controls for the ratio of international alliances,
number of activities per alliance, number of partners
per alliance, as well as three-year prior ratios over
total alliances of joint ventures, nonequity alliances,
technology alliances, marketing alliances, and service
alliances. Although these additional controls were
only available for a smaller sample size of 479 obser-
vations for 150 firms, the resulting fixed-effects esti-
mates were consistent in showing support for the
hypotheses.

Finally, we considered sample selection issues. In
the context of fixed-effects panel models, it has been
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shown that sample selection is only a problem when
selection is related to idiosyncratic errors �i1 t , and
hence “any test for selection bias should test only
this assumption” (Wooldridge 2002, p. 581). There-
fore, we conducted the Nijman and Verbeek (1992)
test adapted to the fixed-effects panel context, which
involves testing for the significance of a lagged selec-
tion indicator in fixed-effects panel models. Results
of the test suggested no evidence of selection related
to idiosyncratic errors. We also tested separately for
incidental truncation of the sample, which can occur
when key variables are available only for “a clearly
defined subset of the population” (Wooldridge 2002,
p. 552). We did this by conducting a version of
Heckman’s test extended to the unobserved effects
panel data context, by modeling the selection indi-
cator as a pooled probit function of industry charac-
teristics and alliance activity (Wooldridge 2002). The
resulting Mill’s ratio showed no significant effect in
firm-performance models, indicating no significant
influence of incidental truncation in model estimates.

5. Discussion
5.1. Main Findings and Research Implications
To our knowledge this is the first study to examine
the quantitative effects of flexible IT infrastructures
in the context of strategic alliances, both in formation
and value derived from formation. First, we find that
open communication standards are associated with
greater proclivity to form arm’s-length alliances. This
finding documents support for the notion that open
communication standards reduce firm-specific invest-
ments in the establishment of automated communi-
cation processes and enable the formation of loosely
coupled interorganizational relationships. Second, we
show that modularity is associated with the formation
of joint ventures. To the extent modularity reduces
the costs and risks of reconfiguring business pro-
cesses (Mithas and Whitaker 2007), the finding sug-
gests that modularity enhances the ability to form
new business entities such as in equity joint ventures.
We did not find a statistically significant association
between cross-functional transparency and formation
of collaborative alliances. This may be because firms
are not fully aware of the value of cross-functional
transparency, or they are not fully leveraging their
cross-functional capabilities; or it could be that cross-
functional transparency inclines firms to rely more
on intrafirm rather than interfirm cooperation. Either
of these scenarios would weaken the relationship
between cross-functional transparency and collabo-
rative alliances. However, as we observed, cross-
functional transparency appears to generate value for
firms that form collaborative alliances, even if it does
not seem to influence collaborative alliance formation

as hypothesized. These findings contribute to the lit-
erature on interorganizational relationships by reveal-
ing different ways in which alliance formation is tied
to flexible IT capabilities.

We also examined the influence of flexible IT archi-
tecture on the firm-value effects of alliance forma-
tion. First, our findings show that IT architecture
flexibility enables firms to derive greater value from
arm’s-length alliances. We argue that this occurs
because IT architecture flexibility makes it possible
for alliance partners to maintain a loose coupling
and avoid becoming excessively integrated in the
course of alliance formation. Second, our findings
show that IT architecture flexibility allows the firm to
derive greater value from collaborative alliances; we
argue that this occurs because IT architecture flexi-
bility enables firms to better exploit opportunities in
the course of evolving relationships and to implement
new initiatives more effectively. Third, our findings
show that IT architecture flexibility enables firms to
derive greater value from joint ventures. We argue
that this is because IT architecture flexibility reduces
the costs of reconfiguring or recombining resources.
Our findings suggest that although individual dimen-
sions of flexibility may enable formation of certain
types of alliances, all three dimensions of flexible IT
architecture together are important in deriving value
from such alliances.

We find that the influence of flexible IT on the effect
of collaborative alliances on firm value is greater than
its influence in the effect of arm’s-length alliances on
firm value. This finding does not appear driven by the
size or value of alliances, because the models include
controls for size as well as direct effects of formation
on firm value. The comparative result is somewhat
surprising because prior theory suggests that greater
flexibility should be associated with loosely coupled
or arm’s-length alliances. It is known that flexibility
of IT can enhance the value of arm’s-length alliances
by enabling frictionless maintenance or termination
of loosely coupled processes (Sahaym et al. 2007).
However, given the increasing digitization of business
processes, we believe that the effect of flexibility in
IT architecture is increasingly to enhance the sharing
of complex and tacit knowledge, and to enable the
reconfiguration or recombination of products and pro-
cesses. These ideas can be explored further in future
research.

5.2. Managerial Implications
Firms invest substantial capital resources and take
significant risks in engaging in corporate alliances,
often devoting entire departments to the task of
managing their alliances (Kale et al. 2002). Greater
attention is needed on the role of IT infrastructure
and business process capabilities in the execution of
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alliances, and the resulting effects on firm perfor-
mance. Our results suggest that strategic flexibility
should be considered a cornerstone of metrics used
to evaluate the effectiveness of IT investment. Hence,
firms need to focus on management of IT and digi-
tal resources with care in the decisions, planning, and
governance of corporate alliances, particularly in the
case of collaborative alliances involving the recombi-
nation of resources and reconfiguration of processes.

In assessing the potential impacts of IT, managers
need to consider the importance of flexibility in IT
infrastructure and in business processes. Such flexi-
bility can enable firms to explore strategic synergies
through alliances before engaging in mergers. When
the firms Hewlett-Packard (HP) and Compaq merged,
managers confronted challenges of operational inte-
gration due in part to complex and disparate IT
environments, and they were ultimately unable to
generate synergies on a strategic level (Burgelman
and McKinney 2006). The partnership between HP
and Compaq may have been more effective had they
first explored and tested their strategic synergies as
alliance partners. Managers should identify the spe-
cific processes that might interface with those of a
partner firm, and consider how those processes need
to be transformed using IT. They should also consider
how the potential synergies with business partners
will help leverage other firm capabilities. Analysts
should also pay greater attention to the flexibility
of IT architecture when evaluating the market value
impact of alliances, particularly in alliances involving
close interfirm collaboration.

This study is not without limitations that can be
overcome in future work. Although we use a rich set
of measures to assess IT-enabled flexibility and the
overall flexibility of the IT architecture, we do not
know the exact timing of when firms in our sample
deployed SOA and related IT applications. Despite
use of multiple econometric techniques to rule out
alternative explanations, there is a need to exercise
caution, and there remains a need to use alternative
approaches such as a potential outcomes approach
to explore the causal nature of the relationships (see
Mithas and Krishnan 2009).

To conclude, we studied the role of IT architec-
ture flexibility on alliance formation and value. We
found that adoption of open communication stan-
dards is associated with the formation of arm’s-length
alliances, and modularity of IT architecture is asso-
ciated with the formation of joint ventures. We also
found that the value of alliances is enhanced by over-
all IT architecture flexibility, as a single construct com-
prising all three dimensions, suggesting that all three
dimensions of flexibility are important in the value
derived from arm’s-length, collaborative, and joint-
venture alliances. Our findings suggest a need for

greater consideration of the role of flexibility in IT-
driven business processes, in addition to transaction
cost and coordination cost reduction, to understand
the underpinnings of IT business value in interorgani-
zational contexts. To the extent alliances are a means
of recombining resources to innovate and to quickly
enter new product or market spaces, firms should pay
attention to the capability of reconfiguring internal
firm resources and detect new opportunities for value
creation, competencies in which IT has a demonstra-
bly valuable role.
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Appendix. Details Regarding Measures

Coding and Verification of Alliance Attributes
We distinguish among alliances based on the types of activ-
ities involved. We define collaborative alliances as those
that include any of the following characteristics: (1) shar-
ing of firm-specific or tacit knowledge, such as in joint
design or development (Anand and Khanna 2000, Gulati
and Singh 1998, Zollo et al. 2002); (2) recombination of prod-
ucts, services, or processes across organizational bound-
aries (Eisenhardt and Martin 2000, Zollo et al. 2002); or
(3) heavy coupling of interorganizational business pro-
cesses (Gosain et al. 2005, Kim and Mahoney 2006, Zaheer
and Venkatraman 1994). Unlike in arm’s-length alliances,
collaborative alliances involve a great deal of informa-
tion or knowledge exchange and recombination of knowl-
edge. A summary of arguments is provided in Table A.1.
Table A.2 provides a set of examples that illustrate these
features of collaboration.

The collaborative alliance examples describe alliance
partners working together to develop new products or ser-
vices, such as the joint competency center between Inten-
tia and Sun Microsystems. The examples also exemplify
cooperation involving tacit knowledge and firm-specific
assets, such as in the alignment of sales and marketing
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Table A.1 Features of Collaborative Alliance Activities

Feature Description and references

Sharing of firm-specific or tacit knowledge Collaborative alliances involve not just the exchange of goods and services, but often entail cooperation in
the joint design or development of products, services, or information systems (Almeida et al. 2002,
Gulati and Singh 1998, Oxley 1997). Tacit or firm-specific exchange of knowledge, such as knowledge
sharing typically occurs in joint R&D projects, or in joint software or Internet systems development
projects.

Highly coupled and integrated business
processes

Coordination-intensive, highly coupled, and integrated business processes that link firms (Afuah 2000;
Clark and Stoddard 1996; Dewan et al. 1998; Dyer 1996, 1997; Gosain et al. 2005; Hasselbring 2000;
Hitt 1999; Kim and Mahoney 2006; Malhotra et al. 2005; Pavlou and El Sawy 2006).

Reconfiguration or recombination of products,
services, or processes

Collaborative alliances are more likely to require reconfiguration, or modification of business processes in
the process of alliance formation (Henderson and Clark 1990). They may also involve the recombination
of products or services of multiple firms in the creation of a new product or service. Because
collaborative alliances involve the integration of business processes of two distinct firms, over the
course of the alliance relationship, firms are likely to reconfigure business processes to accommodate
changes in business requirements or conditions (Afuah 2000, Eisenhardt and Martin 2000, Teece et al.
1997, Young-Ybarra and Wiersema 1999).

teams between Sprint Corporation and Sun Microsystems.
Table A.2 also describes the recombination of Colgate’s oral
care products with Nestlé’s confectionary products to create
new combined products that “taste good, clean teeth and
freshen breath.” All three examples illustrate a relatively
high degree of tacit knowledge sharing, coordination, and
recombination or reconfiguration of processes.

To identify collaborative and arm’s-length alliances, we
developed an automated coding procedure to classify
alliances as collaborative or arm’s-length based on free-
text descriptions of alliance activities, adapting methods
described by Nag et al. (2007) and Tetlock et al. (2008). Prior

Table A.2 Examples of Collaborative and Arm’s-length Alliances

Collaborative alliances
Example 1: Sprint Corp. (NYSE: FON) and Sun Microsystems (NASDAQ: SUNW) are aligning sales and marketing teams to create a strategic alliance that

will provide an integrated Web solution for customers, enabling both companies to capture revenue and market share in the hosting and application
infrastructure provider markets. Through this agreement, Sun becomes a preferred technology provider within the Sprint E�Solutions Internet Center
infrastructure and will help drive significant sales activity during the next three years.

Example 2: Sun and Intentia formed an alliance in which Intentia will offer e-collaboration software and implementation services on the Sun Solaris
Operating Environment. Sun will support Intentia’s Movex NextGen in go-to-market activities, implementation, and support processes. Working with
Intentia’s business consultants, Sun will provide professional services to maximize the performance of NextGen running on Sun systems and engage
with Intentia’s implementation methodology, Implex. To further enhance the Movex NextGen offering, Sun and Intentia will bring complementary
technologies and services to joint customers through a competency center. The competency center will provide a comprehensive set of services to help
make the implementation process faster, easier, and safer.

Example 3: Food giant Nestlé SA, whose empire includes chocolates and sugar-sweetened ice tea, is joining with toothpaste maker Colgate-Palmolive to
market oral-care products. The plan of the joint venture is to “pursue on a worldwide basis the development, marketing, distribution and sale of a
portfolio of portable oral care products” that “taste good, clean teeth and freshen breath.” The initial product of the collaboration will be Colgate Dental
Gum, in its current test markets in Britain, Ireland, and Canada.

Arm’s-length alliances
Example 1: BioProgress PLC (BP) and Wyeth (WT) formed a strategic alliance wherein BP exclusively licensed its XGEL SWALLOW liquid-filled capsule

technology to WT. Under terms of the agreement, the alliance provided WT with an exclusive opportunity to evaluate the technology and negotiate terms
following upfront payment of a six-figure sum on execution.

Example 2: Formica Corporation has created a strategic alliance with Lowe’s Companies, Inc. (NYSE: LOW) of Wilkesboro, North Carolina, the world’s
second largest home improvement retailer. Lowe’s now carries Formica brand laminate sheets, as well as postformed countertops clad with Formica
brand laminate, and Formica brand adhesives, beveled edges, sealants, and caulk. Lowe’s also offers FormicaTile, Formica Corporation’s industry
exclusive authentic tile-design surfacing, as well as Surell and Fountainhead solid surfacing material.

Example 3: Quest Diagnostics Incorporated, the nation’s leading provider of diagnostic testing, information, and services, and Enterix Inc., a privately held
colorectal cancer-screening company, announced that they have entered into an agreement to offer InSure, Enterix’s proprietary, FDA-cleared testing
procedure and device to detect human hemoglobin. The alliance gives Enterix access to Quest Diagnostics’ extensive distribution network and their
substantial relationships with physicians.

Source. All of the examples are direct quotes from the “deal text” data column provided in the SDC Platinum database.

alliance typologies have used alliance activity labels, but
these do not map consistently to theories of collaboration
depth where the emphasis is on business processes. For-
tunately, relevant information can be extracted from the
alliance descriptions (“deal text”) that are in free text form
in the SDC Platinum database. Converting such free text
into a categorical or quantitative measure for large data sets
requires a systematic and automated procedure of content-
analysis to ensure consistency, accuracy, and reliability. This
procedure involves the following three steps.

First, we evaluated the feasibility of content for analysis
and identified a set of representative tokens or keywords.
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The final sample of 169 firms engaged in 3,129 alliances.
Using a random number generator, we randomly selected
10% of these alliances, and then retrieved relevant news
articles regarding these alliance announcements through
searches in Factiva. We verified that the “deal text” descrip-
tion in the SDC database accurately captures the essential
activities involved in the alliance by cross-checking with
corresponding news articles in Factiva and found very few
inaccuracies of description, suggesting that accurate con-
tent analysis of deal descriptions in SDC is possible. Using
the criteria of prior theory and theory development of this
paper, one of the authors completed a preliminary hand
coding of the 10% sample of alliances, categorizing each
as collaborative or arm’s-length based on a careful reading
of the given description. In this manual process, it became
apparent that certain keywords were consistently sugges-
tive of whether the alliance was collaborative or arm’s-
length. This was further confirmed by feeding alliance
texts into content analysis software (Wordsmith and Cat-
pac) in two separate groups (collaborative and arm’s-length
alliance descriptions), and observing nonoverlapping sets of
keywords emerge from each group. The roots of keywords
associated with collaborative alliances are joint, integrate,
develop, cooperate, collaborate, combine, build, produce, manufac-
ture, and design. Roots of keywords associated with arm’s-
length alliances are license, terms, purchase, provide, market,
offer, agree, exchange, sign, grant, sell, and resale.

Second, we developed and refined simple coding rules
for automated coding of alliances as collaborative or arm’s-
length based on their descriptions. Starting with the key-
words, we devised a simple set of rules determining
whether certain keywords were to be designated as strong
or weak; this was sufficient to resolve ambiguities in some
cases where an alliance showed characteristics of both col-
laboration and arm’s-length agreement. To further verify
these coding rules, two researchers with substantial relevant
industry experience independently replicated the manual
coding exercise for a 10% randomly selected portion of the
training sample of alliances. Correlations among indepen-
dent coding responses are highly significant at p < 00001.
Having developed and independently verified the coding
rules for this randomly selected subset of alliances, we
applied the automated coding procedure to the entire set of
alliances.

Third, we examined the outcome of automated coding
for both sufficient variation in data, robustness of results,
and consistency with manual coders. We conducted a con-
firmatory test of the consistency of the automated cod-
ing result with human manual coding based on a different
10% selection of alliance description readings. A two-by-
two analysis of variance yielded a �2 test statistic that
was significant at p < 00001. The alliance type counts are
shown in Table A.3, which shows that the automated cod-
ing procedure identified 42.5% of the alliances as collabora-
tive and 57.5% of the alliances as arm’s-length. Consistent
with theory, joint ventures are more likely to be collabora-
tive alliances, whereas nonequity alliances are more likely
to be arm’s-length alliances (Gulati and Singh 1998, Zollo
et al. 2002).

Finally, some basic robustness checks were employed
to examine the sensitivity of data and analysis to small

Table A.3 Cross-Sectional Proportions of Alliance Formation
Characteristics; Based on 3,129 Alliances Occurring
Between 2000–2006 by Firms for Which We Had
SOA Measures

Joint venture 4%5 Nonequity 4%5 Total 4%5

Collaborative 1608 2507 4205
Arm’s-length 502 5203 5705
Total 2201 7709 100

changes in these coding rules. We generated added-variable
plots on collaborative and arm’s-length alliances to identify
influential data points and found that neither removal of
these data points nor minor alterations in coding rules
had any effect on the significance or direction of the main
results.

Measuring Dimensions of IT Architecture Flexibility
Among IT capabilities, SOA is closely associated with the
flexibility-related capabilities of process reconfiguration and
opportunity detection (Cherbakov et al. 2005, Prahalad and
Krishnan 2008). SOA is a framework comprised of guide-
lines and principles that enable greater ease of change, mod-
ularity, and transparency of business processes (Babcock
2007). Each dimension of IT architecture flexibility is mea-
sured using the following questions from the Information-
Week 2003 survey. Below, we list the pertinent survey
question after the description for each dimension. The
answer choices for each question are available from the
authors. To construct each flexibility dimension measures
we used the standardized sum of standardized items for
each question. To construct the measure of overall IT archi-
tecture flexibility, we used the first principle component
across all three dimensions plus a measure for the SOA
technology layer.

Open Communication Standards. We measure open com-
munication standards as the extent of use of common data
representation language, XML, that is used in SOA (XML).
XML can be defined simply as a platform-independent
metalanguage for storing and transmitting information.
XML is the basis for many open standards that enable
automated communication. These standards are developed
through a rigorous and public process by the leading Inter-
net standards bodies of the World Wide Web Consortium
(W3C) or the Organization for the Advancement of Struc-
tured Information Standards. XML-based communication
standards have been developed to facilitate communica-
tion in almost every industry, such as in the petroleum
industry exchange (http://xml.coverpages.org/pidx.html),
structured product labeling in the pharmaceutical indus-
try (http://www.dclab.com/spl_conversion.asp), and the
financial information exchange protocol among many
other standards in the financial industry (http://www
.fixprotocol.org/). Some standards, such as ebXML, are used
in multiple industries such as the automotive, healthcare,
and travel industries. Other standards are more horizon-
tal in that they pertain to a general technology medium
or function rather than industry-specific business pro-
cesses; these include standards for voice, mathematical
documents, vector graphics, and database queries, among
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many others (http://www.ibm.com/developerworks/xml/
standards/). To measure the extent of use of XML as a proxy
for adoption of open communication standards, we count
the number of processes in which XML is used, including in
website functionality, in data exchanges or transactions with
customers or suppliers, in content management, in data or
application integration, or in pilot testing/evaluation.

Survey question: How does your organization use XML if
at all? (Choose ALL that apply; five choices)

Cross-Functional Transparency. Cross-functional trans-
parency reflects the extent to which electronic interfaces are
visible and accessible for use across the organization. We
use the breadth of use of Web services as a proxy for cross-
functional transparency. Web services are defined simply
as a body of “Internet-era standards for exchanging data
between applications” (McAfee 2005, p. 78). More precisely,
Web services are a specific body of standards developed
by the W3C that enable industrywide standards of commu-
nication syntax based upon a vendor-neutral communica-
tions framework. Web services have become the de facto
framework for SOA. The greater the breadth of use of Web
services across different functional areas of the firm, the
greater the transparency and visibility of capabilities across
the firm, and the greater the likelihood that firms will be
able to engage or recombine capabilities in collaboration
with other firms. We measure breadth of Web-services uti-
lization as the number of organizational goals or functional
areas for which Web services have been adopted in the firm.

Survey question: Which of the following goals, if any, con-
stitute your organization’s business case for adopting Web-
services standards? (Choose ALL that apply; 11 choices)

Modularity. Even in the presence of open communication
standards or cross-functional transparency, it would be dif-
ficult to reuse, recombine, or leverage these capabilities in
the process of creating new functional entities without suf-
ficient modularity made possible by a services-based archi-
tecture. In the SOA framework, the basic modular units of
functionality are known as services. As a proxy for mod-
ular architecture, we consider whether a services-based IT
architecture has been widely deployed within the firm.

Survey question: Has your IT department developed and
deployed a companywide services-based IT architecture?
(Choose ONE only; four choices. This item was first coded
as binary, with the value of one for selection of choice a,
“Yes, deployed widely,” and zero otherwise. The measure
was then standardized.)

It is worthwhile to clarify the distinction between the
measurement of modularity and cross-functional trans-
parency. By capturing the number of functional areas that
are involved in the firm’s SOA initiative, the measure of
cross-functional transparency is a proxy for the degree of
discoverability, or transparency, of digital business services
across functional areas. This measure is distinct from modu-
larity, because firms may require all functional areas to par-
ticipate in a centrally defined IT architecture and to make
their services available through that architecture. Although
this promotes transparency across functional areas, firms
often enforce such transparency without modularizing their
digital business services. In practice, this has been an
ongoing problem hindering the flexibility of firms with
monolithic IT architectures. In contrast to the measure of
cross-functional transparency, the measure of modularity

pertains to the architecture of the firm’s IT systems, and
specifically whether the firm has a services-based architec-
ture that is deployed widely in the firm. Sometimes firms
deploy a services-based architecture, which enables mod-
ularity of its digital business components, but relatively
few functional areas participate in the initiative (Brown
et al. 2009). Without the wide participation of various func-
tional areas in the SOA initiative, key digital business capa-
bilities remain obscured between functional areas even as
the technical means to modularize those components has
been put into place. This is a well-known problem of SOA
governance that hinders the flexibility of firms to exploit
new business opportunities (Brown et al. 2009). One of
the key advantages of a comprehensive SOA capability is
that it enables firms to benefit from both flexibility and
transparency, and not to get mired in the trade-offs between
centralized and decentralized systems that have hindered
traditional IT architectures in the past.

Alliance Network Controls
Alliance Activity Scope (Scope). This control measures the
number of cooperative activities per alliance.

International. This control measures the percentage of
alliance partners whose corporate headquarters are located
in a different nation from that of the focal firm.

Experience with Technology-Based Alliances (Tech Hist.
3 year). This control measures the percentage of alliance
activities, over the three previous years (t − 4 to t − 15,
involving the joint development of new technology or
technological processes: manufacturing, software develop-
ment, research and development, Internet, computer inte-
grated systems, telecommunications, communications, and
exploration.

Experience with Marketing-Based Alliances (Mkt Hist. 3 year).
This control measures the percentage of marketing-based
alliance activities, over the three previous years (t − 4 to
t − 15.

Experience with Joint-Venture Alliances (JV Hist. 3 year).
This control measures the percentage of alliances, formed
over the three previous years (t − 4 to t − 15, that are joint
ventures.

IT Intensity of Partners (IT Prtnr). This control measures
the industry-level approximation of average IT intensity of
business partners, using the most detailed available NAICS
codes available for each industry in the Bureau of Eco-
nomic Analysis (fixed assets consumer durable goods, cur-
rent cost) data.

Free Cash Flow of Partners (Cash Prtnr). This control mea-
sures the average free cash flow of alliance partners.

Profitability of Partners (ROA Prtnr). This control measures
the average return on assets (ROA) of alliance partners.
ROA is measured as the operating income (Compustat #13)
divided by the total book value of assets (Compustat #6).

Employees of Partners (Empl Prtnr). This is the average
number of employees of alliance partners.

R&D of Partners (R&D Partnr). This is the average R&D
expenditure ratios of alliance partners.

Advertising of Partners (Adv Prtnr). This is the average
advertising expenditure ratios of alliance partners.

Partners per Alliance. This is the average number of part-
ners per alliance formed in the current year.
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Same Industry. This control measures the percentage of
alliances formed within the same three-digit NAICS code.

Alliance Size. Alliance size is estimated as the focal firm’s
total capitalized value of alliances, divided by number of
alliance partners. To impute missing values, we used a sam-
ple of 4,766 alliances from the original data set in which
alliance size was specified. This sample was randomly parti-
tioned into a training sample of 60% and validation sample
of 40%. A Tobit regression model was estimated using the
training sample; the parameters were dummy variables rep-
resenting alliance activity types, two-digit industry codes,
year, and governance type. The resulting model was then
tested using the validation sample; the resulting mean stan-
dard error of prediction difference was less than 1.5%. This
measure is expressed in millions of dollars in summary
statistics and rescaled to billions of dollars in regression
estimates.

Industry Controls
Industry Concentration (Herfindahl index). This variable is
given as èis

2
ij , where sij is the market share of firm i in

industries j , as in Hou et al. (2006)
Weighted Industry Average Tobin’s q (Industry Tobin’s q).

Market share weighted average Tobin’s q for all firms with
the same three-digit NAICS code.

Weighted Industry Capital Intensity (Ind. cap. intens.). The
control is the market share weighted average capital inten-
sity, defined in Waring (1996) as physical capital/net
income. Physical capital is the book value of physical capital
(Compustat #8).

Regulation. This is a binary variable for regulated indus-
tries; these include airlines, banking, pharmaceuticals, and
utilities.

Firm Controls
Employees. This variable measures the number of employees
in the firm, which is a measure of firm size, in thousands.

IT Intensity (IT). This variable measures the percentage of
revenue represented by the firm’s total worldwide IT bud-
get, from annual InformationWeek surveys.

Advertising Intensity (Advertising). This variable mea-
sures the portion of sales spent on advertising. If this
value was missing in Compustat, we used the three-digit
NAICS industry average, weighted by the firm’s industry
segments.

R&D Intensity (R&D). This variable measures the por-
tion of sales spent on research and development. If this
value was missing in Compustat, we used the three-digit
NAICS industry average, weighted by the firm’s industry
segments.

Weighted Market Share (Market share). This variable is
given as èjMSijPij , where MSij is firm i’s market share in
three-digit NAICS industry j , and Pij is the portion of the
firm i’s sales in industry j . The variable Pij is calculated
using the Compustat Industrial Segments database.

Related diversification (Rel. diversification). This measures
is given by èPt log41/Pt5 − èPu log41/Pu5, as described by
Robins et al. (1995), where Pt is the percentage of sales in
each four-digit NAICS industry, and Pu is the percentage of
sales in each two-digit NAICS category.
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