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In this article, we study the conditions under which having ties that span organiza-
tional boundaries (bridging ties) are conducive to the generation of innovations.
Whereas previous research has shown that bridging ties have a positive impact on
innovative performance, our analysis of 276 R&D scientists and engineers reveals that
there are no advantages associated with bridging per se. In contrast, our findings
suggest that the advantages traditionally associated with bridging ties are contingent
upon the nature of the ties forming the bridge—specifically, whether these bridging ties

are Simmelian.

The organizational literature on “boundary span-
ning” has long recognized the informational advan-
tages associated with access to external sources of
knowledge and information (Allen & Cohen, 1969;
Allen, Tushman, & Lee, 1979; Tushman & Scanlan,
1981). In particular, research has shown that ac-
cessing knowledge from across boundaries is an
important driver of innovative performance for or-
ganizations (Cohen & Levinthal, 1990), business
units (Hansen, 1999; Tsai, 2001), teams (Ancona &
Caldwell, 1992; Reagans & Zuckerman, 2001), and
individuals (Burt, 2004; Perry-Smith, 2006).

However, although spanning boundaries pro-
vides access to diverse sources of knowledge, there
are also obvious difficulties associated with trans-
ferring, integrating, and leveraging the heteroge-
neous inputs and diverging perspectives available
across organizational boundaries (Argote, 1999;
Carlile 2004; Dougherty, 1992). Indeed, to the ex-
tent that organizational boundaries separate hetero-
geneous types of knowledge, individuals involved
in cross-boundary interactions might struggle to
find a common ground to facilitate knowledge in-
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tegration, and interactions might become strained
because of differences in languages and perspec-
tives, lack of common understandings and shared
meanings (Bechky, 2003), and coordination prob-
lems (Mors, 2010). In spite of the difficulties asso-
ciated with leveraging cross-boundary knowledge,
research on social networks and knowledge man-
agement has mostly highlighted the benefits of di-
verse knowledge provided by bridging ties, paying
less attention to the conditions under which
knowledge diversity becomes conducive to the gen-
eration of innovation. Yet research on absorptive
capacity and associative learning has shown that it
is easier to absorb diverse knowledge and generate
new ideas when source and recipient share some
common (not diverse) knowledge base (Ahuja,
2000; Cohen & Levinthal, 1990; Reagans & McEvily,
2003). Paradoxically, then, although the diversity
of knowledge and information available across
boundaries is necessary to spur innovation (Harga-
don, 2002), it simultaneously raises obstacles to
successful knowledge sharing and integration
(Tushman, 1977: 590-591).

In this article, we address this paradox by study-
ing the interplay between social structure and for-
mal organizational boundaries in the generation of
innovations. Specifically, we focus on the condi-
tions under which knowledge-sharing ties span-
ning internal boundaries in a formal organization
(i.e., bridging ties) contribute to individuals’ ability
to generate innovations. Like previous researchers
examining social networks and innovation, we ar-
gue that the access to diverse knowledge and infor-
mation provided by bridging ties is critical for in-
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dividuals’ innovativeness (Burt, 2004). However,
we also argue that the knowledge diversity pro-
vided by bridging ties is not sufficient, by itself,
to explain variation in individuals’ innovative
capabilities.

We propose, instead, that not all bridging ties are
equal with regard to their innovative potential, and
that the extent to which bridging ties are conducive
to the generation of innovation depends on the
microstructural context in which they are embed-
ded. In considering different levels of bridging, we
draw from Simmelian tie theory (Krackhardt, 1998,
1999; Simmel, 1950) to argue that the existence of
common third-party ties around a focal bridge sub-
stantially changes the nature of the bridging rela-
tionship through which knowledge flows.! In par-
ticular, we show that when individuals involved in
boundary-spanning relationships share common
third-party ties, they are more likely to generate
innovations than they are when they lack common
third-party ties. Bridging relationships embedded
in a dense social structure facilitate the formation
of common knowledge and shared meanings, re-
duce frictions due to differences in understanding,
and promote the cooperation and coordinated ac-
tions that are necessary to integrate and take advan-
tage of diverse sources of knowledge.

Introducing the concept of Simmelian bridges,
we make an important contribution to research on
intraorganizational social networks and innovation
by combining the advantages of bridging ties (e.g.,
access to novel/diverse knowledge) with the advan-
tages of Simmelian ties (e.g., stability, agreement
creating forces, increased cooperation). In the fol-
lowing sections, we describe our development and
testing of theory about the unique advantages pro-
vided by Simmelian bridging ties in terms of inno-
vation in a study of the knowledge-sharing relation-
ships and patenting activities of 276 members of
the R&D division of a large, multinational, high-
tech corporation.

THEORY AND HYPOTHESES

At different levels of analysis, and for ties span-
ning different types of boundaries, the field of man-
agement has long recognized the benefits of bound-
ary-spanning ties (Lawrence & Lorsch, 1967). For
instance, McEvily and Zaheer (1999) found that ties
bridging firms’ boundaries in advice networks ex-

' A tie is Simmelian when the parties involved are
reciprocally and strongly tied to each other and they are
both reciprocally and strongly tied to at least one com-
mon third party (Krackhardt, 1998: 24).

plained differentials in firms’ capabilities acquisi-
tion. Similarly, other researchers have also shown
that ties reaching outside an organization or out-
side organizational units are significantly related to
individual (Cross & Cummings, 2003) or unit-level
performance (Tsai, 2001).

However, although existing empirical evidence
seems to provide evidence that bridging ties corre-
late positively with performance, less attention has
been devoted to the mechanisms that facilitate the
integration of diverse sources of knowledge. Partic-
ularly in the case of organizational innovation, ac-
cessing diverse knowledge located across organiza-
tional boundaries, albeit necessary, might not be
enough to enhance innovative performance (Tush-
man, 1977). Research on new product develop-
ment, for instance, corroborates the view that
knowledge developed in different functional ar-
eas or different areas of technological expertise is
important for the generation of innovations
(Bechky, 2003; Carlile, 2004; Dougherty, 1992).
At the same time, this stream of research also
warns against the difficulties associated with
successful sharing and recombination of diverse
knowledge into innovative outcomes (Carlile,
2002). Building on these insights, and focusing
on social ties defined across formal boundaries
among organizational units, we argue that the
mere access to diverse knowledge provided by
bridging ties may not be enough to enhance indi-
viduals’ innovative capabilities.

Why Mere Bridging Is Not Enough

For a host of reasons, the diversity of knowledge
and perspectives provided by bridging ties does not
automatically translate into the generation of inno-
vations (Ahuja, 2000: 431-433; Obstfeld, 2005). As
the knowledge available across boundaries tends to
be diverse and heterogeneous (Burt, 2000), bridging
ties may lack the necessary common base to inte-
grate different knowledge sources (Ahuja, 2000; Co-
hen & Levinthal, 1990; Simon, 1985). Moreover, as
knowledge located in different parts of an organi-
zation is hard to mobilize (von Hippel, 1994), trans-
ferring knowledge across boundaries might be dif-
ficult or inefficient because of the lack of a common
language and shared meanings (Dougherty, 1992;
Tushman, 1977).

Another limit to individuals’ ability to generate
innovations through ties bridging formal bound-
aries is that having new ideas is fundamentally
different from implementing new ideas. As Obst-
feld (2005) noted, generating new ideas through the
availability of heterogeneous perspectives, and co-
ordinating the actions that are necessary to imple-
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ment those ideas, translating them into innova-
tions, are two distinct aspects of the innovative
process. The diversity of knowledge provided by
bridging ties is perhaps conducive to the generation
of new ideas (Utterback, 1971) but might not be
equally conducive to the implementation of those
same ideas into actual innovations. For instance,
individuals belonging to different parts of an organ-
ization or to different organizational units might be
subject to competing pressures that limit their abil-
ity to coordinate cross-unit tasks and align joint
efforts toward the translation of new ideas into
innovative outputs.

Besides the ability to leverage cross-boundary
knowledge to generate innovations, the willingness
to devote time and effort to sharing knowledge with
colleagues located in different parts of an organiza-
tion should not be taken for granted. For example,
in an atmosphere of “intraorganizational secrecy
and competition” (Hansen, 1999: 87), individuals
located in different parts of an organization may be
wary of disclosing information that would benefit
their counterparts, or their counterparts’ units, at
the expense of the individuals’ own units. Further-
more, even under circumstances in which compe-
tition and secrecy are not concerns, there are still
costs associated with decisions to share knowledge
interacting with others. Individuals acting as
sources of knowledge have to devote time and ef-
fort communicating what they know to their coun-
terparts (Reagans & McEvily, 2003), and it is not
obvious that this type of cooperation will naturally
occur among individuals located in different parts
of an organization.

This brief discussion of ability and willingness to
transfer knowledge across boundaries suggests that
the diversity of knowledge and opportunities avail-
able in different parts of an organization comprise
only one aspect of the process leading to the devel-
opment of innovation (Hargadon, 2002). To under-
stand the mechanisms through which bridging ties
do lead to the generation of innovations, other char-
acteristics and qualities of the bridge need to be
taken into account.

Strong Bridging Ties

A relevant feature of knowledge-sharing relation-
ships that could help to overcome the limitations of
bridging ties discussed in the previous section is tie
strength. In this context, “strength” refers to fre-
quency of interaction (Granovetter, 1982; Krack-
hardt, 1992). Although the strength of bridging ties
is generally considered an aside in structural anal-
ysis (Burt, 1992: 30), research has shown that spe-
cific advantages may be associated with strong ties.

For instance, Hansen (1999) showed that strong
interunit ties fared better than weak ones when the
knowledge flowing from source unit to recipient
unit was highly complex (Hansen, 1999). In a dif-
ferent study, Reagans and McEvily (2003) ob-
served that tie strength was positively associated
with ease of knowledge transfer (irrespective of
knowledge characteristics), and other research
has highlighted advantages of strong ties in intra-
and interorganizational contexts (Krackhardt,
1992; Uzzi, 1997). In the specific case of innova-
tion, strength of ties, when applied to
relationships bridging formal organizational
boundaries, can enhance successful transfer of
knowledge (Hansen, 1999). For instance, fre-
quency of interaction could help build a common
knowledge basis and facilitate mutual under-
standings. When knowledge is idiosyncratic and
context-specific, repeated interactions help to de-
velop heuristics that facilitate the transfer of
complex information and support joint problem-
solving activities (Uzzi, 1997). In addition, by
promoting two-way interactions, strong ties in-
crease reciprocal understandings of complex
problems. Lastly, as Granovetter argued, individ-
uals connected through strong ties have “greater
motivation to be of assistance and are typically
more easily available” (1982: 209). Consequently,
tie strength could be an important determinant of
the extent to which bridging ties correlate with
individuals’ ability to generate innovations. Fol-
lowing this logic, we predict that:

Hypothesis 1. Bridging intraorganizational
boundaries with strong ties is more strongly
associated with the generation of innovation
than bridging intraorganizational boundaries
with weak ties.

Tie strength applied to bridging ties is a feature of
the dyadic relationship through which two individ-
uals located in different parts of an organization
exchange knowledge between themselves. How-
ever, a complementary perspective can be obtained
by shifting the analytic focus from individual
boundary-spanning dyads to the microstructural
context in which such dyads are embedded. In the
following section, we transition from individual
boundary-spanning dyads to the social context in
which the boundary-spanning dyads are embed-
ded. In doing so, we introduce the concept of Sim-
melian bridging ties, describe how they differ from
non-Simmelian bridging ties, and discuss the
mechanisms through which Simmelian ties bridg-
ing organizational boundaries become instrumental
in the generation of innovations.
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Simmelian Bridging Ties

The basic idea behind the concept of Simmelian
ties is that the context in which dyadic relation-
ships are embedded has the potential to substan-
tially change their character and quality. In partic-
ular, a tie becomes Simmelian when the parties
involved in it are reciprocally connected to one
other and each is reciprocally connected to an-
other, third party (Krackhardt, 1998). The defini-
tion of Simmelian ties closely resembles that of a
clique (Dekker, 2006); indeed, a perfectly equiva-
lent definition of a Simmelian tie is that it is a tie
embedded in a clique.?

Simmel went to great lengths to argue that this
qualitative difference was not simply a conse-
quence of such embedded ties being stronger (see
Dekker [2006] for a formal discussion of this issue).
Nor, Simmel argued, did the size of the clique
matter:

Dyads thus have very specific features. This is
shown not only by the fact that the addition of a
third person completely changes them, but also, and
even more so, by the common observation that
the further expansion to four or more by no means
correspondingly modifies the group. (Simmel,
1950: 138)

This statement underscores his emphasis on the
important qualitative differences between isolated
dyads and dyads embedded in a clique. According
to Simmel’s original formulation, transitioning
from a dyad to a completely connected triad
changes isolated dyadic ties in three major ways: by
mitigating the pursuit of individuals’ self-interests,
by reducing the bargaining power of single individ-
uals, and by facilitating cooperation and conflict
resolution (Krackhardt, 1999). We argue that these
three elements play a critical role in the innovative
process in the context of bridging ties. Specifically,
by drawing a distinction between Simmelian
bridges (that is, bridges composed of Simmelian
ties) and non-Simmelian bridges (that is, bridges
composed of ties that are not Simmelian), we seek
to provide novel insights about how individuals
located in different parts of an organization lever-

? “Cliques are defined on a graph as a maximal set of
three or more nodes (people in this case) all of whom are
directly and reciprocally connected to each other. Thus,
each pair of people in a clique are Simmelian tied to each
other; and conversely, any pair of individuals who are
Simmelian tied are co-members of at least one clique”
(Krackhardt, 1998: 186).

age each others’ knowledge to generate innovations
(Tushman & Scanlan, 1981).2

Simmelian ties facilitate the formation of shared
interests and the pursuit of common goals by mit-
igating competition and self-interest. This is impor-
tant, because informational advantages can be quite
limited if the parties involved, acting opportunisti-
cally, avoid sharing sensitive knowledge and infor-
mation with each other. In the case of interactions
between individuals located in different parts of an
organization, obstacles to the full circulation of
knowledge and information across boundaries may
arise out of fear of a counterpart’s opportunistic
behavior. Simmelian bridges, being embedded in a
clique of reciprocally connected individuals, in-
stead limit selfish behaviors and promote open and
complete knowledge sharing among the parties
involved.

For similar reasons, in cross-boundary relation-
ships characterized by Simmelian ties, the bargain-
ing power of single individuals becomes less dis-
ruptive than it would be in the case of an isolated
bridge. Individuals involved in a simple dyadic
arrangement have equal footing in the relationship,
and if either one decides to leave, the bridging tie is
severed and with that, the flow of interunit knowl-
edge. This means that in case of conflict between
the parties to an isolated bridge, the threat of leav-
ing could easily break up the tie (Krackhardt, 1999:
185). In a Simmelian structure, on the other hand,
common third parties increase the stability of
bridging relationships by reducing dissension and
facilitating conflict resolution (Burt, 2002; Krack-
hardt, 1998). The increased stability promotes the
formation of common language and shared under-
standings among the parties involved. Common
knowledge is critical to overcoming interpretive
barriers and achieving the successful integration of
different perspectives (Carlile, 2004; Carlile &
Rebentisch, 2003; Dougherty, 1992). As Carlile and
Rebentisch argued, “Without the common means of
representing and applying one’s knowledge in an
across-domain setting, some participants might
withdraw from or even hamper the knowledge in-
tegration process” (2003: 1191). The stability of
Simmelian bridges promotes the development of
shared meanings and common understanding, thus

®Tt is worth noting that our concept of “Simmelian
bridge” has parallels to Dekker’s (2006) concept of the
“Simmelian broker.” The primary difference is that we
are applying Simmel’s ideas to the dyadic relationship
itself, whereas Dekker focused on the implications such
structural positions have for an individual actor.
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lowering the interpretive barriers that characterize
bridging relationships.

One last element that differentiates Simmelian
bridges from non-Simmelian bridges is the higher
level of cooperation observed in cohesive struc-
tures. Relationships embedded in a clique are char-
acterized by norms of cooperation and reciprocity
(Coleman, 1988). Individuals with common third-
party ties are more willing to cooperate by sharing
knowledge with each other (Reagans & McEvily,
2003) because of the positive expectation that these
efforts will be reciprocated in the future (Uzzi,
1997). Cooperation becomes a shared value in
densely connected structures, and individuals with
common third-party ties are naturally inclined to
devote time and effort to knowledge-sharing inter-
actions with other members of their clique.

Building on this theoretical stream, we posit that
a Simmelian bridge—that is, a Simmelian tie over-
laying a hole in a formal structure—is fundamen-
tally different from a non-Simmelian bridge in the
sense of easing the process through which hetero-
geneous sources of knowledge are combined and
integrated for the generation of innovations (Tush-
man, 1977). Formally, we predict:

Hypothesis 2. Bridging intraorganizational
boundaries with Simmelian ties is more
strongly associated with the generation of in-
novation than bridging intraorganizational
boundaries with non-Simmelian ties.

METHODS
Data

Our predictions were tested using original data
collected in the R&D division of a large multina-
tional and multidivisional high-tech company. In
particular, we collected questionnaire and archival
data on 276 respondents who were identified by
senior management as “all the employees with ac-
tive research and development duties in the R&D
division.” These researchers were spread over 16
labs around the world: 4 in the United States, 10 in
Europe, and 2 in Asia. The average lab consisted of
25 individuals. The population studied comprised
mostly males (90%) who were highly educated (9
percent had Ph.D.s; 78 percent, master’s degree;
and 13 percent, college degrees or less) and had
relatively low organizational seniority (average ten-
ure, 5.2 years).

The R&D division studied was one of the four
central functions of the company, whose mission
was to “provide the advanced knowledge necessary
to establish [name of the company] as the leading

company in the market for the next decade.”* Al-
though the population surveyed enjoyed consider-
able freedom in terms of research interests and
objectives, the activities performed in the division
had a fairly applied focus. As a senior researcher
from one of the major laboratories put it, “There is
a widespread agreement among us [researchers in
the lab] that at the end of the day we need to come
up with something that would eventually generate
money for the company.” The network data con-
sisted of information on self-reported knowledge-
sharing ties collected through a sociometric instru-
ment. The survey yielded a response rate of about
89 percent (245 actual respondents out of 276 po-
tential respondents). T-test analysis revealed that
nonrespondents were not statistically different
from the individuals who participated in the study
in terms of patent generation, lab location, organi-
zational tenure, or level of education. Our respon-
dents consistently reported that direct access to the
knowledge and expertise of their colleagues in dif-
ferent labs was critical to their activities. As an
engineer from the largest lab stated, “The informa-
tion I found on the intranet [about activities carried
out in other labs] is not very helpful, maybe a little
before beginning a conversation. . . . Having direct
contacts with my colleagues in other labs is really
important for my productivity.”

Measures

Dependent variable. Our dependent variable
was the number of patents filed by individuals in
the sample. The company made patent data avail-
able in the form of monthly R&D reports used to
assess and reward individual performance. For
each of the 16 labs studied, the company made
available a total of 18 monthly reports, 6 before and
12 after the collection of social network data. Cross-
examination of all reports allowed us to identify
patent applications filed by respondents in our
sample. One can also measure innovative perfor-
mance in terms of granted patents; however, such
an assessment suffers from the introduction of
many bureaucratic and legalistic processes that
make it a noisier measure of individual perfor-
mance. In fact, the firm itself considered patent
applications a sounder measure of individual-level
innovative performance. Indeed, it was the number
of patent applications reported in the monthly re-
port that formed the basis for performance review
and promotion decisions.

*This statement comes from an internal company
memo.
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Independent variables. A dyadic tie exists be-
tween a pair of actors, the sender of the tie and the
receiver of the tie. But common assessments of the
existence or strength of such a tie often depend on
a third domain: the perceiver of the tie (the indi-
vidual who is the source of information about
whether the tie exists or not). To be precise about
measurements of these ties, and whose assessment
is being considered, it is useful to rely on the for-
malisms developed elsewhere to maintain clarity
on these issues (Carley & Krackhardt, 1996; Krack-
hardt, 1987).

The network data were derived from two net-
work survey questions: (1) “Please indicate how
often you generally go to this person for informa-
tion or knowledge on work-related topics” and (2)
“Please indicate how often this person generally
comes to you for information or knowledge on
work-related topics” (for both questions, the re-
sponse scale ranged from 1, “seldom,” to 5, “very
frequently”).® The raw data for these assessments
can be represented as a triple V; ; ,, where i repre-
sents the sender of the tie, j represents the receiver
of the tie, and k represents the perceiver (question-
naire respondent). Although in some contexts
each of these subscripts can vary freely from 1 to
N, in the current case the respondent was either
the sender or receiver. Thus, we restricted our-
selves to two special cases of this general form:
V; ;i (respondent i claims that he/she goes to
person j for information) and V; ; ; (respondent i
claims that person j comes to him/her for informa-
tion). For example, for the survey question, “How
often do you generally go to this person?,” Vi , ¢ =
5 means that person 6 (the respondent) indicated
that he/she goes to person 2 “very frequently” for
information or knowledge. For the question, “Who
comes to you?,” V, 4 ¢ = 5 means that person 6 (the
respondent) indicated that person 2 comes to him/
her “very frequently” for information or
knowledge.

From these raw data represented as Vs, we cre-
ated a network relation of “confirmed” ties, RV i
(Carley & Krackhardt, 1996). These are ties that are
more psychometrically reliable than nonconfirmed
ties (Krackhardt, 1990). In matrix form, this relation
is defined as:

Viii+ Vi .
BV. _ % lf Vi,j,i> 0 and Vi,]',]'

1]
0 otherwise.

> 0;

® If a respondent never interacted with a target at all,
the respondent could check “n/a,” in which case the
answer was coded as 0.

A simpler, Boolean version of the above definition
can also be given:

R = 1 ifV,;;>0and V;;;>0;
i 7 10 otherwise.

Both of these definitions were useful in our anal-
ysis. Simmelian ties are based on the Boolean
graph R, and strong ties are derived from the
valued graph RY.

Strong vs. weak ties. As stated above, we mea-
sured the raw ties on a 1-5 scale. We categorized
ties as strong or weak using the dichotomy 4 and
above versus 3.5 and below (recall that confirmed
ties RV are the average of the two individuals’ re-
sponses, hence the possible fractional values).
Strong ties, then, were defined as any tie whose
value RY was greater than or equal to 4. Weak ties
were the remaining ones—that is, ties whose value
RY was smaller than or equal to 3.5.

Simmelian versus non-Simmelian ties. Simme-
lian ties, as stated earlier and as described in Krack-
hardt (1998, 1999) and discussed in detail in Dek-
ker (2006), are defined as ties embedded in cliques.
Several methods for obtaining Simmelian ties from
a set of raw ties exist. We used the direct formula-
tion provided by Krackhardt (1998), according to
which a tie from i to j (that is, R ;= 1) is Simmelian
if and only if it satisfies the following two
conditions:

Bj,j =1 (1)

and

3 ksuchthatR;,, = R,; = R, = Ry; = 1.

A non-Simmelian tie from i to j is any tie that does
not satisfy these conditions for being Simmelian.

Bridging: E-I index. In general, the E-I index is a
measure of the extent to which a party’s ties form a
bridge across some organizational or social divide
(Krackhardt & Stern, 1988). The relation, R, on
which the E-I index is calculated varies: sometimes
it is the entire set of raw ties, sometimes it is a
subset of these ties (Simmelian ties, for example).
In our case, for each of the 245 individuals in our
sample we considered the distribution of network
ties within and across labs. Given a relation among
individuals in our sample, the E-I index for any
actor i was constructed by considering the differ-
ence between the number of external ties and the
number of internal ties. Taking E; and I; as the
number of external and internal ties, respectively,
then the E-I index for actor i is defined as:
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. E -1
E-I index; = E+1
In other words, E; is the number of i’s ties that are
to/from members of groups other than the group i
belongs to (that is, “external” or bridging ties to/
from i), and I; is the number of i’s ties that are
to/from members of the same group that i is a
member of (that is, “internal” or nonbridging ties
to/from i). The E-I index ranges from —1 (when all
ties to/from i are internal ties) to +1 (when all ties
to/from i are external or bridging ties). A value of 0
indicates the special case in which the number of
bridging ties precisely equals the number of non-
bridging ties for person i.°

Control variables. Each model in the analysis
included controls for a wide array of individual-
and network-level variables that could provide al-
ternative explanations for the hypothesized rela-
tionships between network structure and patent
generation. For instance, to account for individu-
als’ idiosyncratic ability to generate patents, we
created a dummy variable measuring their prior
patenting experience.” This variable was coded 1 if
a respondent had filed at least one patent in the
three years before the 18 months considered in the
study, and 0 otherwise.?

Another possible confound was the fact that of-
ten lab heads are registered as filing patents devel-
oped by researchers in their labs. To control for
this, we introduced a dummy variable that identi-
fied the lab heads in our sample. We also controlled
for the level of education, seniority, and organiza-

© This “special case” condition also permits the vacu-
ous case to be defined. That is, if an individual has no
internal ties and no external ties, the E-I index value is
also 0.

7 As we only had access to company records for the
period ranging from 6 months before and 12 months after
the administration of the survey, we had to use external
sources to measure previous patenting experience. We
obtained this information by searching the USPTO data-
base for all the patents filed by respondents in our sam-
ple in the three years before our 18-month window. Al-
though this procedure identified patents granted by the
USPTO, and our dependent variable referred to patents
filed with the company’s legal office, our measure of
previous patenting experience was still a meaningful in-
dicator of idiosyncratic differences in individuals’ ability
to generate innovations. The threshold of 3 years was
adopted after interviews with company lab managers
revealed that the average time-to-patent in this industry
is about 2.5 years.

8 In an analysis not reported here, we also controlled
for the number of patents filed in the three years before
the time frame considered; results do not change.

tional job grade of researchers as a possible indica-
tor of their ability and experience.

Another important control concerned the amount
and type of knowledge that each individual ob-
tained from outside the studied organization. In
fact, although we study relationships spanning dif-
ferent research labs, our focus is still on intraorgan-
izational ties. However, it is reasonable to expect
that knowledge coming from outside their organi-
zation represents an important source of variations
in individuals’ ability to generate innovations
(Chesbrough, 2003; Cohen & Levinthal, 1990;
Laursen & Salter, 2006). For this reason, we de-
cided to control in our models for the type and
amount of knowledge sourced from outside the or-
ganization. A principal component factor analysis
with varimax rotation on eight different sources of
external knowledge allowed us to identify two dis-
tinct factors: scientific external knowledge and in-
dustrial external knowledge. Industrial external
knowledge was defined by four items with a Cron-
bach’s coefficient alpha of .76 and a first principal
component explaining 63.2 percent of the variance.
Scientific external knowledge was also defined by
four items; the alpha coefficient was .81, and the
first principal component from a factor analysis of
the items explained 58.4 percent of the variance.
The indicators for the sources of each form of ex-
ternal knowledge were the means of the respective
four items.

One last set of control variables allowed us to
take into account individuals’ relational features,
such as the size of their networks (measured as
number of ties), the degree centrality of the alters
located in other labs to which each ego was con-
nected,” structural holes, and laboratory size (the
number of people in ego’s lab). Controlling for net-
work size helped to rule out the possible alternative
explanation that it was the sheer number of knowl-
edge-sharing ties that predicted variation in indi-
viduals’ innovativeness. Similarly, by controlling
for the degree centrality of alters located in other
labs to which an ego is connected, we addressed
the alternative explanation that variation in indi-
viduals’ innovativeness was a result of their having
bridging ties to individuals who themselves had
very large networks in their own labs.

Past research has used the presence of structural
holes (or its counterpart, constraint) as a measure of
many of the concepts in this study, including bridg-
ing, informational advantages, and closure. To
make sure that our results were not simply a reflec-

9 Degree centrality is given by the number of direct ties
a given node has.
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tion of the effects of this construct, we included the
existence of structural holes (Burt, 1992: 55) as a
control in our models.

And finally, it is possible that the number of
scientists at a lab, or lab size, could affect both the
productivity of its members as well as opportuni-
ties for interaction. Therefore, we also controlled
for lab size in the models.*®

RESULTS

Table 1 presents descriptive statistics and the
bivariate correlation matrix for our variables. All
the variables beginning “bridging” refer to the E-I
index calculations for the different types of ties. For
example, the variable “bridging direct raw ties”
represents the value on the E-I index calculated for
a individual based on the set of confirmed ties for
that individual. “Bridging Simmelian ties” repre-
sents the E-I index calculated on the set of Simme-
lian ties for that individual, and so forth.

Table 2 shows the results of the models testing
our hypotheses. We used negative binomial regres-
sion analysis (clustering standard errors by lab)
instead of Poisson regression to model patent count
because of the overdispersion evident in our data."

Model 1 in Table 2 presents the effects of control
variables on patent generation. The only variables
significantly associated with patent generation are
individuals’ level of education and access to scien-
tific external knowledge. This pattern is consistent
with our expectations, since individuals with
higher degrees (e.g., Ph.D.s) may have developed
skills and expertise through their formal training
that make them more likely to produce patents than
individuals with lower degrees. Similarly, scien-
tific external knowledge is likely to promote indi-
vidual innovativeness by offering insights about
new knowledge developed in universities and
other research institutions that may stimulate cre-
ative thinking and result in novel applications.

Model 2 of Table 2 shows results of our test of the

'°In additional models not reported here, we con-
trolled for other possible confounds, such as individual
status and geographical proximity. For instance, we con-
trolled for individuals’ betweenness (Freeman, 1979) and
the geographical proximity of individuals for relation-
ships across labs. We found no substantial differences
between the models presented here and the models ob-
tained when controlling for these alternative explana-
tions. Results with these additional controls are available
from the authors upon request.

' We used the Stata function “nbvargr” to evaluate
which modeling strategy best suited the distribution of
our dependent variable.

traditional bridging argument that boundary span-
ning, or forming a bridge across an entire set of
network ties, is positively related to individual in-
novativeness. We used the E-I index to define the
extent to which individuals in our sample had net-
work ties defined within or across organizational
boundaries. Our results show that the sign is in the
expected direction but that the existence of ties
spanning organizational boundaries is not per se
significantly associated with individuals’ innova-
tive capabilities (p < 0.29).

Model 3 shows results of the test of the main
effect of Simmelian ties on individual innovative-
ness. Here, the greater the number of Simmelian
ties (e.g., ties embedded in cliques), the lower the
likelihood of generating patent applications. This
finding is consistent with the traditional explana-
tion of how informational advantages accrue to in-
dividuals as a function of their positions in infor-
mal networks (Burt, 1992). Specifically, to the
extent that an individual is embedded in a dense
system of overlapping ties, he or she has access to
redundant, instead of novel, knowledge and infor-
mation. The lack of new knowledge and informa-
tion should make it more difficult for the individ-
ual to generate innovative outcomes, and this is
precisely what we observe in model 3.

Model 4 tests for the main effect of having a
network composed primarily of strong ties. A neg-
ative and significant effect is associated with the
number of strong ties; however, the significance of
the coefficient for the number of strong ties goes
away when it is considered together with the extent
of bridging and the number of Simmelian ties
(model 5).

In models 6—11, we tested our theory by parti-
tioning the overall network studied into different
categories of knowledge-sharing ties and measuring
the extent to which they bridged organizational
boundaries, using values on the relevant E-I in-
dexes. Thus, these models explore the possibility
that the strength of bridging ties matters for reaping
the informational advantages provided by bound-
ary-spanning relationships. Specifically, in model
6 we consider bridging weak ties and in model 7 we
consider bridging strong ties. Although the signs of
the coefficients are positive, both weak and strong
bridging ties are not significantly associated with
individual innovativeness. Thus, we found no sup-
port for our Hypothesis 1. Indeed, this finding sug-
gests that strength of ties per se makes little differ-
ence, at least in our context, in the extent to which
bridging promotes individual innovativeness.

In models 9 and 10, we tested the distinction
between bridging Simmelian ties and bridging non-
Simmelian ties. In keeping with Hypothesis 2, we
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observe that bridging non-Simmelian ties are not
significantly associated with individual innovative-
ness, but that the coefficient for bridging Simmelian
ties is positively and significantly associated with the
generation of innovations (p = 0.002). Results did not
change when we put both variables into the same
equation (model 11). Moreover, the estimates re-
ported in models 9 and 10 reveal that the coefficient
for bridging non-Simmelian ties (0.11) falls outside
the boundaries of the 95% confidence interval of the
coefficient for bridging Simmelian ties (0.26—1.14),
providing direct support for Hypothesis 2. That is,
bridging Simmelian ties is indeed significantly more
strongly associated with patent generation than bridg-
ing non-Simmelian ties.

Although the results presented in Table 2 sug-
gested that strength of bridging ties per se has no
bearing on individual innovativeness, the relation-
ship between Simmelian bridges and strong bridges
warranted further examination.

Specifically, whereas the models in Table 2 mea-
sure weak/strong ties and Simmelian/non-Simme-
lian ties separately, it is nonetheless possible to
combine these four types of ties to determine more
precisely their relative contributions to individual
innovativeness. In Table 3, we provide the results
of a different set of analyses whereby we tried to
ascertain the extent to which strength of ties matters

Tortoriello and Krackhardt
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when considered in the context of Simmelian versus
non-Simmelian ties. In particular, by taking tie
strength into account, we defined four mutually ex-
clusive and exhaustive categories of network ties and
evaluated the extent to which they bridged organiza-
tional boundaries by computing the E-I index for
each. The four categories were (1) weak non-Simme-
lian ties, (2) strong non-Simmelian ties, (3) weak Sim-
melian ties, and (4) strong Simmelian ties.

In model 1, Table 3, we observe that there are no
advantages associated with non-Simmelian weak
bridges. In keeping with our previous findings,
model 2 shows that strong non-Simmelian bridges
are not significantly associated with the generation
of innovation (the sign is actually negative). Models
4 and 5 reinforce our prior results by showing a
significant association between strong Simmelian
bridges and the generation of innovation. Interest-
ingly, though, model 3 reveals that bridging weak
Simmelian ties is only modestly (and nonsignifi-
cantly) associated with innovative output. More-
over, this weak association virtually disappears in
the full model (model 5). That is, the contribution
that Simmelian ties make to this innovative process
only occurs when these ties are also strong.

The results presented in Table 3 are intriguing, as
they further refine our understanding of the condi-
tions under which bridging ties contribute to the

TABLE 3
Results of Negative Binomial Regression Models for Number of Patent Applications®
Variables Model 1 Model 2 Model 3 Model 4 Model 5
Simmelian decomposition based on
tie strength
Bridging weak non-Simmelian ties 0.02 (0.28) 0.08 (0.21)
Bridging strong non-Simmelian ties —0.32 (0.27) —0.28 (0.20)
Bridging weak Simmelian ties 0.39 (0.25) 0.08 (0.24)
Bridging strong Simmelian ties 0.63** (0.23) 0.57* (0.23)
Controls
Job grade 1.03  (1.13) 1.23 (1.23) 0.97 (1.17) 0.55 (0.77) 0.66 (0.70)
Structural holes —0.76  (0.65) —0.84 (0.69) —0.83 (0.66) —-1.10 (0.82) —-1.13 (0.89)
Head of lab 0.22 (0.41) 0.40 (0.50) 0.09 (0.43) 0.04 (0.48) 0.17 (0.49)
Outside alters’ centrality 0.05 (0.08) 0.05 (0.07) -0.01 (0.07) —0.03 (0.05) —0.04 (0.06)
Previous patent experience 1.04 (0.85) 0.95 (0.92) 1.06  (0.86) 0.76  (0.84) 0.71 (0.84)
Total ties —0.02 (0.04) —0.02 (0.04) —0.01 (0.04) 0.01 (0.04) 0.01 (0.04)
Lab size 0.02  (0.02) 0.02 (0.02) 0.01  (0.02) 0.02  (0.02) 0.02 (0.02)
Seniority 0.01 (0.01) 0.01 (0.01) 0.01 (0.01) 0.01  (0.01) 0.01 (0.01)
Level of education 0.59** (0.22) 0.59* (0.23) 0.63** (0.23) 0.57* (0.23) 0.57* (0.24)
Scientific knowledge 0.29* (0.12) 0.30% (0.12) 0.28* (0.12) 0.33%* (0.12) 0.33** (0.12)
Industrial knowledge —-0.20 (0.11) —0.22* (0.10) -0.19 (0.11) —0.22* (0.10) —0.23* (0.10)
Constant —5.98 (3.57) —6.49 (3.83) —5.82 (3.61) —4.54 (2.69) —4.85 (2.59)
Pseudo log-likelihood —195.140 —194.547 —193.971 —191.214 —190.544

# n = 245. Standard errors are in parentheses.
*p<.05
**p<.01
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generation of individual innovativeness. Although
Table 2 indicated that only the Simmelian nature of
the ties mattered (and that strength of tie did not
matter), Table 3 reveals that strength of ties does
make a difference in a Simmelian context. As
shown in the bar chart in Figure 1, a comparison of
the magnitudes of effects for different types of
bridging ties suggests that it is not only strong
bridging ties that do not improve significantly over
the baseline effect of bridging computed on direct
raw ties (the coefficient is actually lower), but also
that only Simmelian ties bridging boundaries
(model 10, Table 2) and strong Simmelian ties
bridging boundaries (model 4, Table 3) signifi-
cantly increase the likelihood of patent generation.
Implications of these results are discussed in detail
in the next section.

DISCUSSION

Previous research on boundary spanning and in-
novation has focused on direct links between indi-
vidual players and the positions that these players
occupy in a macrostructural tapestry. In this study,
we focus attention on the contribution of Simmel-
ian bridges to this process. Since Simmelian ties
are traditionally thought of as not providing bridg-
ing opportunities, the concept of a Simmelian
bridge might at first seem counterintuitive. How-
ever, since in our case bridging refers to the act of
spanning formal (i.e., intraorganizational) rather
than informal (i.e., social) boundaries, a Simmelian

tie, like any other kind of tie, can be a bridge when
laid across formally bounded units. Our analysis
further provides evidence for the fact that, unlike
many other kinds of bridging ties, a Simmelian
bridge has a positive and significant association
with individuals’ ability to generate innovations.

This finding represents a deviation from stan-
dard research on social structure and innovation.
Abundant research in this area has suggested that
bridging ties are important for the generation of
innovations (Burt, 1992, 2004; Hargadon, 2002),
but we instead suggest that, in the context of cross-
boundary relationships, the positive effects of
bridging on innovation reflect the specific features
of a subset of network ties: Simmelian ties.

We contend that these findings are relevant be-
cause they provide a finer-grained view of the re-
lationship between bridging ties, strength of ties,
and social structure. Specifically, our findings re-
veal that the distinction between weak and strong
bridging ties is not very informative if the dyad
forming a bridge is considered independently of the
microcontext in which it is embedded. In our re-
search setting, it was not the strength of a bridging
tie per se that explained variation in individuals’
innovative capabilities, but rather, whether or not a
strong bridging tie was embedded in a dense
cliquelike structure.

An interesting question arises from this con-
found. Simmelian ties are often stronger than non-
Simmelian ties. If one were to only measure the
strength of ties spanning formally bounded groups

FIGURE 1
Effects of Bridging Intraorganizational Boundaries on the Likelihood of Patent Generation, by Type of Tie
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and not whether such ties were Simmelian, one
might observe a relationship between tie strength
and innovation that is really a function of the (un-
observed) embedded nature of the tie. Is it possible
that prior research underscoring the benefits of
strong ties has really been based on this spurious
relationship? Future, more thorough work on this
question is certainly called for.

Our study also makes an important contribution
to current research on social networks and perfor-
mance. The traditional identification of bridging
advantages with ties spanning holes in an informal
(social) structure ignores the case in which Simme-
lian ties span holes defined by a formal (organiza-
tional) structure, thus leading to underestimation
of the impact of social structure on performance in
organizations.'? Results presented here suggest in-
stead that Simmelian bridges can be an important
complement to current research practice in social
network research that has operationalized the ad-
vantages of bridging through more traditional mea-
sures such as constraint/structural holes (Burt,
1992) and betweenness centrality (Freeman, 1979).

Our study also contributes to research on knowl-
edge management and innovation by showing that
the ability to integrate and reconcile heterogeneous
knowledge sets accessed through bridging ties
should not be taken for granted. In this sense, our
findings are consistent with much research on in-
novation and new product development (Bechky,
2003; Carlile, 2004; Dougherty, 1992) while also
offering a more nuanced view of the advantages
provided by bridging ties. In particular, we speci-
fied some structural conditions for the nature of
ties spanning formal boundaries (i.e., their being
embedded in cliques) that warrant further exami-
nation in future research.

Our call for more research in this area stems in
part from recognized limitations of the current
study. For example, an important element to con-
sider is that the ability to reconcile different per-
spectives and gain advantage from knowledge
diversity through collaboration and interactions
could also vary with the degree of knowledge di-
versity. Our study did not, however, capture how
similar or different knowledge was across different
boundaries, and this constrained our ability to eval-
uate the threshold above which knowledge be-
comes too diverse to be fruitfully reconciled and
synthesized into some form of innovative output.

Another limitation is the potential for endogene-
ity and reverse causality in our research design.

'2 We are indebted to an anonymous reviewer for sug-
gesting this point.

The possibility of endogeneity arises because more
innovative people have idiosyncratic features (ex-
perience, talent, abilities, expertise) that differenti-
ate them from their colleagues and that could ex-
plain not just their ability to generate innovations
but also their positions in an overall social struc-
ture. In the context of industrial R&D labs, col-
leagues may seek out more skilled/knowledgeable
individuals more frequently than others because of
their knowledge and abilities.

Although this reverse-causality explanation of
our results is a possibility, for several reasons the
threat of endogeneity in our empirical models is
likely to be minimal. First of all, the models pre-
sented here included several individual-level co-
variates as controls for important differences in
individuals’ experience, ability, and knowledge. As
has previous research on social networks and
knowledge management (Cross & Cummings, 2004;
Reagans & McEvily, 2003; Reagans & Zuckerman,
2001), in all models we controlled for organization-
al tenure (as a proxy for experience), level of edu-
cation and organizational job grade (as proxies for
knowledge and ability), type of knowledge sourced
from outside (as a proxy for knowledge and exper-
tise), and prior patenting experience (as a proxy for
ability and expertise). Although not comprehen-
sive, these variables do control for much of the
“unobserved heterogeneity” in individuals’ ability
to generate innovations. The effects of bridging
Simmelian ties on individual innovativeness per-
sist and retain statistical significance exceeding the
effects of the individual-level control variables.

In addition, the pattern of results obtained is
hard to reconcile with a theory based on reverse
causality. For instance, we found that only a subset
of network ties defined across organizational
boundaries was positively associated with patent
applications. This finding is difficult to explain in
terms of endogeneity. Actually, if reverse causality
were operating in our context, we would expect the
relationship between network ties and innovative-
ness to be the same independently of the features of
ties considered. In particular, if more innovative
individuals are more sought after by their col-
leagues, who seek to benefit from their knowledge
and expertise to generate more patents, we would
expect to observe a significant effect for network
size (i.e., total size) on innovation.

Another important element to point out is that
we collected our network data in a single R&D
organization at a given time in its development.
Specifically, individuals in our sample had rela-
tively low average tenure, suggesting that this is an
organization in formation. It would be interesting
to evaluate how our results generalize to different
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types of organizations, and in particular how they
generalize to contexts characterized by longer opera-
tional experience.

In spite of these limitations, our study is impor-
tant because it provides evidence for how Simmel-
ian bridging ties characterize and define the infor-
mational advantages traditionally associated with
bridging ties. By considering the relationships be-
tween formal and informal structure, we show that
individuals can occupy positions that are advanta-
geous in terms of knowledge and opportunities but
that, at the same time, leverage the benefits associ-
ated with a supportive and cohesive network of
relationships that promotes cooperation and coor-
dination of joint activities (Burt, 2005). The bene-
fits of this integrative approach to social capital can
easily be extended to a variety of organizational
phenomena. For instance, career advancement in-
side an organization might require vision more
than opportunities and information (Burt, 1992,
1997) yet also require support from key actors
based on a proven loyalty and trust developed
through repeated interactions. Similarly, one’s ac-
cess to rewarding opportunities might be deter-
mined by the interplay between knowing that such
opportunities exist and knowing how to leverage
one’s system of political support to get there
(Krackhardt, 1990).

In this article, we build on the classical idea of
bridging by considering the microstructure in
which bridging ties are embedded. Bridging stan-
dard ties, or even strong ties, only marginally con-
tributed to productivity in these data, but bridging
Simmelian ties significantly and substantially im-
proved individual innovative performance. We
hope these findings will stimulate more research in
the area of social networks and performance in
which the differential effect and the role of Simme-
lian ties is explicitly considered as an important
aspect of structural analysis.
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