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THE ROLE OF EXPERIENTIAL AND VICARIOUS KNOWLEDGE IN

INVENTOR TEAMS

ABSTRACT

Organizations develop knowledge along technological trajectories. While working on original
inventions, teams gain experiential knowledge that could be applied in technologically related
sequential inventions. If this knowledge is valuable and hard to transfer, inventor teams should
remain stable over time. Yet, building only on experiential knowledge is associated with rigid
mental models, lower perspective-taking, and creative deficits in the team. We therefore study
whether a team benefits from experiential knowledge and if so, how much is too much?
Furthermore, we ask what kind of knowledge newcomers who work on a sequential invention
ideally bring to the table. This is important to optimize team composition. Specifically, we
investigate whether vicarious knowledge — knowledge brought in by newcomers that is similar to
the knowledge held by the old team — influences the usefulness of inventions and explore how
vicarious knowledge interacts with experiential knowledge. Our findings suggest that
experiential knowledge relates curvilinearly to the usefulness of sequential inventions, that
vicarious knowledge has a positive main effect but that it attenuates the effect of experiential
knowledge in complex ways. We discuss implications for team composition and effectiveness,
tacit knowledge and knowledge transfer, as well as practical lessons for management of
inventors, knowledge management systems, and personalization.



INTRODUCTION

The creation, management, and exchange of knowledge have occupied scholars for many
decades (Grant, 1996; Kogut & Zander, 1992; Polanyi, 1966, 2009). Research has shown that
knowledge accumulates over time through recombinations and constructive collisions of ideas
held by different people (Johnson, 2011; Nelson & Winter, 1982; Schumpeter, 1934). Therefore,
collaborations have become the most common way to generate useful inventions. Yet, growing
specialization forces collaborators to work across scientific domains which makes such
collaborations difficult (Jones, 2009; Wuchty et al., 2007). For collaboration to be successful,
common ground, mutual knowledge, and knowledge transfer are necessary (Dasgupta & David,
1994; Kotha et al., 2013). Researchers have then suggested that specific knowledge assets are
best integrated within organizational boundaries, because firms provides more efficient vehicles
for knowledge integration than markets (Grant, 1996; Williamson, 1975). Nonetheless,
knowledge-based theorists have admitted that firms are no perfect vehicles for knowledge
management either, so that challenges with knowledge exchange persist (Kogut & Zander, 1992,

1996).

Regardless, knowledge management systems and codification have improved internal
knowledge transfer (Cowan et al., 2000; Zack, 1999), but how effective these improvements are
remains to be seen. To study this, we theorize about sequential inventions, defined as new
inventions that build on knowledge developed in former inventions (Ahuja et al., 2013). We
investigate if and how experiential knowledge — knowledge gained by inventors who work on
both original and sequential invention, thus forming a bridge between two inventor teams —

influences inventive outcomes. These bridging ties can act as vehicles for knowledge transfer



across time and space which would contribute to an invention’s usefulness if codification and/or
interpersonal knowledge exchange is problematic. We theorize that while experiential
knowledge is useful at relatively low levels, at high levels it risks being associated with rigid

mental models and lack of creativity.

Besides the innate difficulty of transferring (tacit) knowledge, there is also imperfect
information about where useful knowledge can be found (Cyert & March, 1963) and uncertainty
about which knowledge is useful and which should be unlearnt (Becker, 2005; Huber, 1991).
This raises opportunity costs of knowledge access and usage which could impact the usefulness
of sequential inventions. We therefore also study vicarious knowledge — i.e. the knowledge
gained through prior experiences that are similar to experiences of original inventors. Such
knowledge is brought in by newcomers in a team. Yet, extant research is still unsure about the
effect of newcomer knowledge on an experienced team, as “factors that facilitate social
acceptance of the newcomer may undermine the newcomer’s ability to enhance team reflection
and team knowledge utilization” (Rink et al., 2013, p. 268). While vicarious knowledge lowers
search costs and facilitates coordination, it is at the same time associated with more insular
knowledge domains and less novelty because of similarities between the old and new inventor
teams. We contend that the mechanisms underlying vicarious knowledge counteract one another

and thus propose alternate hypotheses.

These opposing effects are reconciled when vicarious knowledge interacts with
experiential knowledge. We hypothesize that the inverted U-shaped relationship between
experiential knowledge and usefulness flips for high values of vicarious knowledge. We proffer
that this is because high vicarious knowledge 1) substitutes for the absence of experiential

knowledge, 2) creates legitimacy within the team when experiential knowledge is high, and 3)
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creates friction within the team when experiential knowledge is at intermediate levels due to
contested routines and misaligned mental models. We find some support for this shape-flip effect

(Haans et al., 2015) and elaborate on possible underlying mechanisms in the discussion.

Our theory and findings contribute to existing explanations of knowledge recombination
(Galunic & Rodan, 1998; Kaplan & Vakili, 2014; Messeni Petruzzelli & Savino, 2014), tacit
knowledge and knowledge transfer (Ancori et al.,, 2000; Cowan et al., 2000), and team
composition and effectiveness (Guimera et al., 2005; Haas, 2006, 2010; Huckman & Staats,
2011; Singh & Fleming, 2010). The rest of this article unfolds as follows. We first develop
theory on experiential and vicarious knowledge and propose our hypotheses. We then introduce
the data, sample, and methods and present regression results. Next, we deconstruct vicarious
knowledge into three dimensions in order to shed further light on the complex interaction effect.

This is followed by a discussion of the managerial implications and a short conclusion.

THEORY DEVELOPMENT

Does experiential knowledge add value to technologically similar sequential inventions?
What is the role of vicarious knowledge added by newcomers in an inventive team? How do both

forms of knowledge interact? These are the research questions we develop in this section.

Experiential Knowledge of Bridging Ties

Experiential knowledge is the knowledge an inventor develops while working on an
original invention that could be used in a technologically related sequential invention. We define
a bridging tie as an inventor with experiential knowledge who also works on a sequential
invention. First, such knowledge helps bridging ties along their own learning curves, making

them less susceptible to repeating past mistakes which can lead to more successful recombinant



experimentation (Argote & Miron-Spektor, 2011; Fleming, 2001). Second, bridging ties have
direct access to the transactive memory system that emerged in the original invention process,
which facilitates knowledge search (Wegner, 1987, p. 189). Third, they are probably better suited
to interpret related knowledge because of their unique perspective on the knowledge
environment (Denrell et al., 2003; Von Hippel, 1988). This suggests that having a bridging tie
between the original and the sequential invention will have a positive effect on the usefulness of

the invention.

However, bridging ties will mainly be more efficient at knowledge replication. While
replication matters because organizations need to diffuse exact processes and routines to
“dispersed parts of the organizations where the novel approach can be put to use” (Zollo &
Winter, 2002, p. 343 — 344), in sequential inventions, knowledge replication is not the focal goal:

novelty and innovation are. Thus, are there downsides to experiential knowledge?

Innovation processes are complex thus, experiential knowledge is likely to have tacit
components. Gore and Gore (1999) suggested that tacit knowledge itself entails a technical and a
cognitive dimension: The former contains focal information, expertise, and know-how whereas
the latter encompasses beliefs, values, and mental models. We discussed the benefits of the
technical side above, but sequential inventors are also strengthening the cognitive dimension of
their knowledge. In doing so they reinforce mental models of the way things are done. Audia and
Goncalo (2007) for instance found that successful inventors become less creative and over time
generate less useful inventions. Unlike memory itself, which is typically construed as a storage
device, mental models actively influence what an individual sees or does (Kim, 1993). Gorman

and Carlson (1990) state for instance that Edison, “liked to use a double-action pawl to convert



rectilinear motion to rotary motion and he employed such pawls in inventions ranging from his

stock tickers to his first motion picture machine” (p. 141).

While using the same tools in different contexts is an example of analogical thinking
which supports creativity and innovation (Magee, 2005), the downside of strong mental models
is that they risk silencing alternative ways of thinking. This can be evident in the formation of
collective mind as a consequence of teams working together over long periods (Brockmann &
Anthony, 1998). As such, there is some evidence that repeat collaborations are detrimental to
creative abrasion. Skilton and Dooley (2010) for instance theorize that mental models built up by
teams who work on successive projects with a stable core of creators will inhibit search and
reduce creative conflict, thereby negatively influencing the success of newly generated
inventions. They argue that “the degree of insider participation, the similarity between project
objectives, and switching costs associated with changing team mental models” are three
antecedents that determine the strength of team mental models “at the start of the creative

abrasion process” (Skilton and Dooley, 2010, p. 119).

Three processes constitute creative abrasion: 1) developing ideas about the problem and
potential solutions, 2) disclosing and advocating for all ideas, and 3) reconciling emergent task
conflict and negotiate a joint course of action. The first two processes jointly form divergence
and are negatively affected by repeat collaboration whereas the third step is a convergence
process that favors the familiar (Skilton and Dooley, 2010). Because the rigidity of mental
models will become more severe if more original inventors work on the sequential invention and
“many creative projects are not insulated from the baggage of participants’ shared history”
(Skilton and Dooley, 2010, p. 119), it is likely that having multiple bridging ties is not beneficial.

This is in line with literature on structural holes that would also argue that having multiple



‘structural holes’ to the same nodes in the network adds little value — they would not be

structural holes any more (Phelps et al., 2012). We therefore suggest:

Hypothesis 1a: There is a curvilinear (inverted U-shaped) effect between experiential
knowledge in the current team and the usefulness of sequential inventions

We propose two corollaries. The focal benefit of having a bridging tie in the current
inventing team is the possibility of direct socialization, a process of sharing knowledge chiefly
through learning by doing (Nonaka & Takeuchi, 1995). While socialization is an instrumental
part of the so-called knowledge spiral, in and of itself socialization is insufficient for embedding
tacit knowledge into new routines, as this requires, externalization, combination, and
internalization as well (Nonaka and Takeuchi, 1995). Osterloh and Frey (2000) proffer that in
knowledge-based production teams, socialization is prevalent, but also warn that contracts

cannot prevent employees from withholding tacit knowledge.

Without implying deliberate information hogging, it seems plausible that inventors who
are outside of a particular inventing team will find it harder to share their tacit knowledge with
that team’s members. Both reduced socialization and attention constraints due to other cognitive
pre-occupations can explain this (Haas et al., 2015). Therefore, we posit that the absence of a

bridging tie will reduce the usefulness of a sequential invention.

Corollary 1b: Sequential inventions created by an all new inventive team perform worse
than those containing a mix of inventors from the original and the sequential invention.

To the extent that bridging ties are useful in sequential inventions, having new team
members that were not engaged in the original invention is also important. Skilton and Dooley
(2010) write that “although teams of repeat collaborators working on derivative projects might

be more efficient, the outcomes would not necessarily be more creative or effective” (p. 130).



This seems especially likely when identical teams work on original and sequential invention. The
lack of influx of new inventors and new perspectives is likely to worsen mental model rigidity,
while the benefits of faster access to the transactive memory system are small. In academic
collaborations, it has been found that teams that combine less and more experienced creative
individuals “are likely to have more diverse perspectives to draw from and therefore to

contribute more innovative solutions” (Guimera et al., 2005, p. 698).

Hoever et al. (2012) found that teams are more creative when they actively try to see a
problem through the eyes of others via perspective taking and information elaboration. Such
activities are less likely to occur in identical teams because no one new will force the team to
explain hypotheses, challenge pre-conceived ideas, and alter ways of doing things. Relatedly, it
has been found that teams that consist of members with pre-existing ties and similar scholarly
background benefit less from collaborations than teams with more diverse backgrounds
consisting of members who had not worked together before (Porac et al., 2004). Therefore, we
propose the following corollary.

Corollary 1c: Sequential inventions created exclusively by members of the original

inventive team perform worse than those containing a mix of inventors from the original
and the sequential invention.

The Role of Vicarious Knowledge

We define vicarious knowledge as the knowledge an inventor has access to through
familiarity with knowledge sources (people, technologies, applications...) that are similar to the
knowledge sources of original inventors. How vicarious knowledge affects the usefulness of an

invention is subject to two opposing forces.



A first line of reasoning suggests vicarious knowledge has a positive effect. Looking at
relational benefits, Tsai and Ghoshal (1998) find that existing social ties stimulate trust and
therefore augment the exchange of knowledge between departments. Thus, vicarious knowledge
is likely to lower coordination costs and increase alignment in the team. Additionally, vicarious
knowledge provides a short-cut to knowledge owners, hence lowering search costs. Szulanski
(1996) argued that identifying knowledge needs and the way to meet those needs are focal
problems in knowledge acquisition. Inventors of sequential inventions with vicarious knowledge
will find it easier to access knowledge elements that are not formalized or codified because they
know where to look. Additionally, prior collaborators can be sources of vicarious knowledge
might be more motivated to share their knowledge, which is especially important when the

knowledge is complex (Osterloh & Frey, 2000).

There are however two counterarguments. Having vicarious knowledge is likely to be
accompanied by a reduction in constructive conflict that leads to creative abrasion (Skilton and
Dooley, 2010). This is because vicarious knowledge can reduce the novelty of ideas brought to
table. New team members who collaborated with original inventors before or have worked in the
same technological domains or with similar knowledge applications are more likely to think
along the same lines. While they add vicarious knowledge to a team this knowledge might not be
very distinct from knowledge owned by the original team. Relatedly, vicarious knowledge
increases a team’s knowledge insularity by drawing heavily on knowledge gathered during
previous inventions of team members. Insular knowledge can trap teams “in a negative spiral of
self-affirming, marginal innovations that become narrowed in scope” rather than generating more

useful inventions (George et al., 2008, p. 1451). Because it is unclear which main effect will



dominate, and because the affects seem linearly additive in opposite directions we advance

alternate hypotheses, rather than a curvilinear effect:

H2a: Vicarious knowledge of new team members has a positive impact on a sequential
invention’s usefulness

H2b: Vicarious knowledge of new team members has a negative impact on a sequential
invention’s usefulness

The Interplay between Experiential and Vicarious Knowledge

We propose that vicarious knowledge moderates experiential knowledge in a complex
way: We suggest a shape-flip (Haans et al., 2015) will take place at a critical value for vicarious
knowledge. We contend that as long as vicarious knowledge is low, the inverted U-shape
between experiential knowledge and an invention’s usefulness will be maintained. In the absence
of alternative ways of accessing experiential knowledge, the mix of domain expertise and some
new ideas will maintain the most positive effect. With rising vicarious knowledge a downward
pressure on the curve will be exercised, known as additive flattening (Haans et al., 2015). This is
because the benefits of vicarious knowledge (lower coordination and search costs) remain
regardless of experiential knowledge but the downsides (knowledge insularity and recycling
same applications and ideas) will interact with the latent cost mechanism underlying the
curvilinear effect of experiential knowledge. In other words, the negative characteristics of
vicarious knowledge will reinforce the tendency to reinforce the rigid mental models and the lack

of novelty, associated with high experiential knowledge.

When vicarious knowledge is high we propose that the inverted U-shape flips. There are
three reasons for this. First, in the absence of bridging ties, vicarious knowledge provides an
alternative gateway to experiential knowledge. As such, teams that lack experiential knowledge

benefit from the relational proximity to original inventors offered by vicarious knowledge.
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Second, when experiential knowledge is high it will be beneficial for vicarious knowledge to be
high as well. Consider the situation in which three out of four members of an original team are
collaborating on a sequential invention with one newcomer. High experiential knowledge will
have decreasing yet positive value (see H1a) and the introduction of a new person will contribute
to divergent thinking in the team. When a large proportion of the inventing team has experiential
knowledge they are likely to be able to determine how things are done, i.e. they will impose their
mental model. Inventors added to the team must adapt to this dominant model. Vicarious
knowledge can facilitate such adaptation by both legitimizing the new inventor — she is part of
the in-crowd — and by being a source of mutual knowledge (Kotha et al., 2013). Moreover there
is likely to be an active selection of the bridging ties of a new team member who fits well within
the team and thinks ‘in the right way’ (Skilton & Dooley, 2010). While these processes could
diminish novelty, they will lubricate team collaboration and overall contribute to the usefulness

of the resulting invention.

The problem occurs when experiential and vicarious knowledge are at intermediate
levels. In this scenario, new inventors could deploy their vicarious knowledge to undermine the
experiential knowledge of bridging ties or the bridging ties could exhibit poor receptivity to
newcomers or fail to adequately reflect about how the newcomer would fit in the team or how
her knowledge can be utilized (Rink et al., 2013). As the team lacks a dominant coalition
because new and old inventors are almost balanced, faultlines could emerge that elicit politicking
and create disruptive conflicts. In such situations, distrust within the team is likely to appear,
which would reduce openness, perspective taking, and information elaboration because both the

owners of experiential and vicarious knowledge can behave like mini-clans that lack a
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superordinate team identity (Hoever et al., 2012; Homan et al., 2008). This leads to the following

hypothesis.

Hypothesis 3: Vicarious knowledge moderates the curvilinear relationship between
experiential knowledge and the usefulness of sequential inventions: there is an inverted
U-shaped relationship when vicarious knowledge is low that flattens with increasing
vicarious knowledge and becomes U-shaped when vicarious knowledge is high

DATA AND METHODS

We investigate our hypotheses using patent data from the US semiconductor industry.
We limit ourselves to a single industry because vicarious learning has been found to differ across
industries (Srinivasan et al., 2007), and the semiconductor industry has a high frequency of
sequential inventions. Additionally, we limit ourselves to US firms to control for institutional
variation in patenting behavior (Cohen et al., 2002). Moreover, because the semiconductor
industry relies heavily on R&D and is known to have high invention rates and high patenting
propensities since the 1980s, this industry is an appropriate context to test our hypotheses
(Alcacer & Zhao, 2012). While using patent data has known limitations, patent documents do
provide “a reasonably complete description of the invention” (Griliches, 1998, p. 291) and offer
advantages: 1) independent categorization into a technology structure defined by the USPTO, 2)
explicit incorporation of knowledge applications upon which the previous invention builds, and
3) names of the inventors are known. These three characteristics are crucial to the testability of

our hypotheses.

We build our initial dataset by merging the list of US semiconductor firms provided by
Hall and Ziedonis (2001) with all US firms with SIC code = 3674 (i.e. semiconductor industry)

in Compustat, and added all firms listed in the ranking of semiconductor firms published by
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iSuppli Corporation. In doing so, we developed a list of 171 semiconductor firms with a
Compustat record (Alnuaimi & George, 2015). Then, we compared our 171 firms to the 247,309
assignees that were granted USPTO patents between 1975 and 2008. Because of the variation in
the naming of patent assignees (see Kogan et al., 2012), we improved the matching of parent
firm to assignee by 1) using the numerical identifiers provided by NBER patent projects and 2)
using the Directory of American Firms Operating in Foreign Countries to isolate subsidiaries

(Alnuaimi and George, 2015).

Sample

Because we require both sufficient inventive histories in order to define the original
inventions upon which sequential inventions build as well as sufficient time for assessing an
invention’s usefulness, we limit our focal sample to the period between 2000 and 2004. This
five-year window was characterized by significant inventive activity in the semiconductor
industry and its relative short timespan has the advantage of keeping variations in the patenting
process rather small (e.g. Hall and Ziedonis, 2001). For each patent in our five year window, we
scanned all older patents owned by the same firm that had at least one overlapping technological
domain (i.e. patent subclass) between 1975 and 1999. Our theory banks on the notion that firms
build on experiential and vicarious knowledge developed during a prior invention process,
therefore our sample criteria require that original and sequential patent are technologically

similar’.

To assess similarity, we create a Jaccard index of each focal patent with all prior patents
owned by the same firm. The Jaccard index of two patents P; and P; is constructed in the

following way (see formula below): We divide the number of overlapping subclasses in both

1 The results are by and large identical when using overlap in backward citations instead
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patents by the union of all subclasses in both patents. This measure is constrained between 0 (no
overlapping subclasses) and 1 (the original and sequential patents are assigned to exactly the
same subclasses), so that more technologically similar patents have higher Jaccard values 42,730

patents belonging to 124 different firms are classified as sequential inventions.

XinXj
PP

When the Jaccard is zero, the invention is not sequential and thus omitted from our
sample. When multiple patents were found, the original patent was defined as the patent that had
the highest Jaccard index. In the case of multiple identical Jaccard values, the most recent patent
was selected as the original patent because firms are more likely to build on recent knowledge

that is still fresh in organizational memory (Fleming, 2001; Katila, 2002).

Dependent and Explanatory Variables

Invention Usefulness. We extracted forward citations from Google Patents, which
allowed us to use a fixed ten year window of forward citations as a proxy for the invention’s
usefulness. Using a fixed window gives every patent the same length of time to be cited,
increasing comparability. Although we now know that many citations are added by patent office
officials (Giuri et al, 2007; Sabouri, 2015), citations remain useful to demarcate the knowledge
applications upon which new inventions build, regardless of whether or not the focal firm
acknowledges these applications directly. As we are not suggesting that such citations are
necessarily indicative of direct knowledge spillovers, we deem this a reasonable measure for an

invention’s usefulness.

We propose the following definitions to clarify our explanatory variables. The circles in

figure 1 represent the inventive teams, while A, B, and C refer to different (groups of) team
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members. A & B constitute the team responsible for the original invention (original team). B &
C constitute the team behind the sequential invention the (focal or current team). B captures the
bridging ties, and A are the original inventors that do not work on the sequential invention (old

team) and C captures newcomers (new team).

Experiential Knowledge. We operationalize experiential knowledge as the proportion of
bridging ties relative to the current team (i.e. B / [B+C]). This proportion is constrained by 0 and
1 and takes the highest value when every member of the current team also worked on the original
invention (in figure 1, C = @, it is thus possible that some original team members are not part of
the sequential invention team, i.e. A # @). We also coded two dummy variables to verify the
influence of entirely new (no experiential knowledge, B = @) and entirely overlapping teams

(experiential knowledge = 1, C = @) on an invention’s usefulness.

Vicarious Knowledge. Analogously, we code vicarious knowledge as a proportion that
captures prior collaborations between old and new team members. Vicarious knowledge takes a
value of zero when nobody in the new team has any prior collaboration with anyone in the old
team. It increases when members of the new team have collaborated with old team members on
an invention. A maximum value of 1 is attained when the new team members have collaborated

with all prior team members before the current invention.

Controls

We control for our selection criteria by adding both main and quadratic effect of the
Jaccard index for technological similarity between original and sequential invention. We add

controls for the sequential and the original invention’s team size (Singh & Fleming, 2010),
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number of used knowledge applications (backward citations) (Stuart & Podolny, 1996), and
number of technological domains (subclasses) (Fleming, 2001). Additionally, we control for the
number of claims made in the sequential invention, the time lag between the application and
grant date, and technological domain experience (total number of patents owned by the firm that
are assigned to a subclass present in the sequential invention). Finally, we add dummies for

temporal and technological category effects (Marco, 2007).

Analysis

As our dependent variable is a count, we use a negative binomial regression in Stata,
which holds less restrictive assumptions than Poisson regressions (Agresti, 2002). In choosing to
conduct within-firm fixed effect or random effects regressions we needed to control for firm-
specific aspects that could influence knowledge transfer (Levin and Cross, 2004). Osterloh and
Frey (2000) suggested that motivation is endogenous to organizational form and that motivation
can affect willingness to transfer knowledge. Therefore, some of our explanatory variables are
likely to be correlated with the individual effects, which would make a random effect regression
inconsistent. The Hausman (1978) test confirmed this suspicion hence we deploy fixed effects
throughout our analyses. Adding time-varying firm-specific controls such as R&D intensity,

debt-equity ratio, and number of employees did not significantly alter our results.

RESULTS

Descriptive statistics (table 1) exhibit some elevated correlations, mainly between the
different dimensions of vicarious knowledge (cf. infra) and vicarious knowledge itself as is to be
expected. To check whether collinearity would be an issue we ran an OLS regression ignoring

quadratic and interaction terms (Allison, 2012). Following Wooldridge’s (2014) advice, we
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ignore the VIFs for dummies and conclude collinearity is no important problem in our dataset.

Our highest VIF was 3.18 for technological domain experience and the mean is 1.54.

Experiential and vicarious knowledge are on average rather low. This is largely due to the
large number of sequential inventions without bridging ties (75.2%). This is indicative of how
rarely organizations seem to build on experiential knowledge, which could be because firms
believe that such knowledge is codified in patent inventions anyway and hence not a prerequisite
for success. Yet, the average number of forward citations of sequential patents where the
proportion of bridging ties is strictly positive and smaller than 1 is 30.5% higher than when there
are no bridging ties and 37.6 % higher than when the team consists entirely of bridging ties (this
is independent of application year and firm size). This suggests an underutilized potential of

experiential knowledge.

Hypothesis 1la proposed a curvilinear (inverted U-shaped) relationship between
experiential knowledge and the usefulness of sequential inventions. Corollaries 1b and 1c added
to that both extreme cases (zero experiential knowledge and 100% experiential knowledge)
would both negatively impact the usefulness. We test these predictions in table 2. Model Al
provides the baseline model. The only perhaps surprising finding is the negative sign for firm
domain experience. This suggests that firms are running into their idiosyncratic technological
boundaries. Model A2 adds experiential knowledge and its quadratic term and both are highly
significant in support of hypothesis 1a (b1 = 0.408, p < 0.001; b2 = -0.507, p < 0.001). We
follow Lind & Mehlum (2010) and conduct a Fieller test with a 90% confidence interval, which

confirms the curvilinear effect (turning point = 0.403, slope lower bound = +0.408, slope upper

17



bound =-0.606, p < 0.001). Using the Delta-method, we find that marginal effects of experiential
knowledge are positive and significant up to 0.37, are insignificant until 0.43, and then turn
negative and significant. Other robustness checks suggested by Haans et al. (2015) confirmed the
inverted U-shape. Model A3 then isolates the effects of having zero and 100% experiential
knowledge. Consistent with corollaries 1b and 1c, both are significantly negative (respectively b
=-0.069, p <0.001; b =-0.168, p < 0.001). It is noticeable that the negative effect of having only

members from an original team is almost 2.5 times larger than having an all new team.

Hypotheses 2a and 2b proposed alternative ways in which vicarious knowledge could
affect the usefulness of sequential inventions. In table 3, model B1 is a repetition of model A2
from table 2 and exhibits the curvilinear effect of experiential knowledge. Model B2 introduces
vicarious knowledge and exhibits a positive effect, supporting hypothesis 2a and thus rejecting
hypothesis 2b. Model B3 adds a quadratic effect for vicarious knowledge which is insignificant’.
As theorized, this suggests that the real effect is not curvilinear and that the mechanisms
underlying the linearly upward sloping effect of vicarious knowledge are more powerful than the
mechanisms driving the linearly downward sloping effect and that both are additive rather than
multiplicative (see Haans et al., 2015). Model B4 however shows that vicarious knowledge loses
its significance when jointly introduced with experiential knowledge. This suggests a likely

interaction effect, which was the subject of our final hypothesis.

2 The same Fieller and Delta tests as conducted before here trivially reject the inverted U-shape (extremum is
outside the relevant range).
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Hypothesis 3 suggested that the inverted U-shape between experiential knowledge and
the usefulness of sequential inventions would persist at low vicarious knowledge but flip for high
values of vicarious knowledge. Model B5 in table 3 tests this hypothesis. When adding the
interaction effects, the main effect of vicarious knowledge regains significance while the
significant interaction terms suggest an attenuation of the inverted U-shaped relationship, i.e. the
positive effect of vicarious knowledge is diminished when combined with low experiential
knowledge and less so at high experiential knowledge. A graphical analysis is required to verify
the strength of this attenuation and whether shape-flip indeed occurs. Figure 2 depicts these
relationships for different values of vicarious knowledge and exhibits the hypothesized effect.
Haans et al. (2015) suggest the one “should assess whether shape-flip occurs well within the
range of the moderator”. We propose that looking at the mean (0.07086) and standard deviation
(0.2081) of vicarious knowledge is suboptimal to assess the relevant range: Shape-flip occurs
beyond two standard deviations of the mean. However, given the large incidence of zero values
for vicarious knowledge (over 85% of cases), and given that the second and third most prevalent
values for vicarious knowledge (respectively 1 and 0.5) are both outside the range defined by
mean + two standard deviations, we think it is sensible to consider the entire range of the
moderator relevant. Of the 6,284 non-zero values for vicarious knowledge 1,240 (20%) take the
maximum value 1. We therefore consider the entire range of the moderator but show in the

figure where the contentious area starts.

The influence of experiential knowledge on an invention’s usefulness follows the
hypothesized inverted U-shape at low levels of vicarious knowledge and exhibits significant

shifts in the turning point until vicarious knowledge reaches a value of 0.5 as well as significant
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flattening as b = 1.069 (p < 0.05)* (see Haans et al., 2015). Once vicarious knowledge exceeds
0.609 (about 30% of non-zero values are above 0.609), the curvilinear relation flips. Skilton and
Dooley (2010, p. 122) suggested that “the inertia of team mental models may even be enhanced
when partial teams come together again, because team members who buy into the dominant
model are more likely to choose to participate, reaffirming the existing structure” and this effect
is more likely “when a new project is like a prior one”. Similarly in the team literature, it has
been found that membership changes can under specific circumstances impede learning (Van der
Vegt et al., 2010). We can infer from such findings that mental models of partial teams are only
problematic under specific conditions, i.e. at intermediate experiential and high vicarious
knowledge. We therefore submit that hypothesis 3 should not be simply rejected and requires

further analysis.

Deconstructing Vicarious Knowledge

In order to further investigate the mechanisms underlying this complex result, we decide
to extend our empirical analysis by disentangling vicarious knowledge. Because vicarious
knowledge measures the knowledge new team members can access easily by having direct ties to
old team members, we ask ourselves what types of knowledge can be transferred through such
ties. Levin and Cross (2004) suggest that three characteristics should be considered in dyadic
knowledge sharing. Following them, we deconstruct vicarious knowledge along its relational,
knowledge-related, and structural dimensions. Our reasoning is that like vicarious knowledge
itself, the three underlying dimensions can be construed as gateways to the old team’s

experiential knowledge.

3 In Stata, the following command is used after the regression to verify whether the derivative of experiential
knowledge (ek) changes with changes in vicarious knowledge (vk): nlcom (_b[ek]*_b[ek2Xvk] -
_b[ek2]*_b[ekXvK]) / 2*(_b[ek2] + Z*_b[ek2Xvk])" 2 with Z taking on values between 0 and 1. For values up to
0.5, the test statistic is different from zero indicating shifts in the turning point.
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We suggest that the three dimensions of vicarious knowledge also facilitate this access by
1) having shared third party ties with an original inventor (relational), 2) having worked with
identical knowledge applications before (knowledge), and 3) having worked in the same
technological domains of the knowledge structure before (structure). We construct three
analogous measures for respectively relation, knowledge-based, and structural vicarious
knowledge. Every measure captures the historical overlap in the portfolios of respectively ties,
applications, and technological domains between the old and the new team, divided by the

portfolio of the new team.

Portfolio Old Team N Portfolio New Team
Portfolio New Team

Vicarious Knowledge Dimension =

Thus, relational vicarious knowledge takes a value of 0 when no inventor in the new
team has ever collaborated with a collaborator of any inventor in the old team. It takes a
maximum value of 1 when the new team is connected to all members of the old team through
third party collaborators. Knowledge-related vicarious knowledge takes a value of 0 when no
new team members have ever worked with the knowledge applications used in the sequential
invention. It takes a maximum value of 1 when the portfolio of prior patents of the new team
members includes every application used in the sequential invention. Analogously, structural
vicarious knowledge takes a value of 0 when no single new team member has ever operated in
the sequential invention’s technological domains before whereas it takes a value of 1 when the
collective patent portfolio of team members includes all the technological domains to which the
sequential invention is assigned. The figure below provides an overview of the three proposed

dimensions and links them to experiential and vicarious knowledge.

------------------------ Insert figure 3 about here
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In order to verify whether and how these three dimensions impact inventions we conduct
two supplementary analyses. First, we rerun model B5 from table 3 three times but exchange
vicarious knowledge for respectively structural, relational, and knowledge-related dimensions.
For each regression, we then calculate the marginal effects of each dimension for different values
of experiential knowledge. This allows us to tease out under which conditions of experiential
knowledge specific dimensions of vicarious knowledge are locally significant. Table 4 suggests
that the marginal effect of changes in the knowledge dimension is significantly negative when
experiential knowledge is between 0.3 and 0.6, while the marginal effect of the relational
dimension is positive at 0 and 0.1 values of experiential knowledge, suggesting that these
dimensions affect the usefulness of inventions in opposing ways. The marginal effects of

structural knowledge are apparently insignificant.

As a further test, we use a split sample approach as reported in table 5. The base model is
the same model as B4 in table 3. The full model introduces the three dimensions of vicarious
knowledge and suggests that the relational dimension has a positive effect®. In combination with
the above findings, we conclude that relational vicarious knowledge contributes to the usefulness
of inventions, especially when experiential knowledge is missing. Roberts (2000) posits that
knowledge exchange, specifically when it concerns tacit knowledge, cannot be enforced by
contract so that trust and mutual understanding between exchange partners are necessary
conditions for successful transfer. Prior collaboration or mutual knowledge (Kotha et al., 2013)
provide ground for trust which in turn stimulates knowledge transfer and associated desired
outcomes such as innovation (Foos et al., 2006; Tamer Cavusgil et al., 2003). Thus when an

original and a sequential inventor both collaborated with a third inventor in their recent history,

4 This effect remains significant when including the measure for vicarious knowledge itself.
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that third inventor could take on the role of a knowledge broker or a connector. In such a
situation, there is a higher willingness to collaborate and share knowledge between the two
partners who can build trust by association as a result of their shared tie (Schillebeeckx et al.,

2016).

------------------------ Insert tables 4 and 5 about here

We now split the sample along values of vicarious knowledge. Given the high incidence
of zero values, the third column (VK = 0) tests how the three dimensions of vicarious knowledge
fare when their overarching construct equals zero. Unsurprisingly, none of the three are
significant in this regression>. We split the rest of the sample along the mean of vicarious

knowledge for non-zero values (n = 0.48).

Firstly, it is noticeable that for positive vicarious knowledge, experiential knowledge is
not significant anymore. This suggests that both knowledge sources can to a certain extent
substitute each other. Then, under conditions of high vicarious knowledge (column 5 in table 5)
the relational dimension makes a positive contribution to usefulness. This is in line with our
argumentation that vicarious knowledge can legitimize a new inventor who joins an experienced
team (the right upside of figure 2). More generally, Tortoriello and Krackhardt (2010) suggested
that “the existence of common third-party ties around a focal bridge substantially changes the
nature of the bridging relationship through which knowledge flows” (p. 168), so that the sharing
of a third party tie is more likely to lead to innovation. For an unreported subsample of

inventions created by low experiential knowledge teams, we also found the positive effect of

5 The three coefficients remain insignificant even when only including the 13,923 inventions for which
vicarious knowledge is zero and at least one of the three dimensions is non-zero.
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relational vicarious knowledge, in line with our argumentation that high vicarious knowledge

provides a gateway to experiential knowledge when such knowledge is missing (see figure 2).

Under conditions of low but strictly positive vicarious knowledge, column 4 in table 5
suggests that the relational dimension does not matter anymore. However, the knowledge and the
structure dimension are both significant yet in opposite directions. In line with our marginal
effects, this suggests that the knowledge dimension is especially important at intermediate values
of experiential knowledge. We contend that the negative effect of the knowledge dimension is
due to a failure to gain contextual insights and different perspectives about previously deployed
knowledge. There are two related arguments to support this finding. Firstly, high knowledge-
related vicarious knowledge suggests that new and old team members have similar applications
in their knowledge portfolio. Their familiarity with similar applications suggests that new and
old team members might have similar experiences and are used to working with similar tools.
This could decrease the novelty of the solutions they propose. Additionally, the knowledge of
these new inventors might be less useful than before “knowledge is a transient type of resource,
as its relevance and credibility are time and context dependent” (Kreiner, 1992, p. 62 in Augier

and Vendelo, 1999, p. 253).

The structural dimension finally has a positive effect under conditions of low vicarious
knowledge. This effect is not supported by the marginal effects analysis and could hence be an
artifact of the sample size reduction. We leave it to other researchers to delve deeper into these
matters. Importantly, the average effect is still negative in this subsample: at mean values for
both dimensions, column four suggests that -0.167 * 0.3186 + 0.627 * 0.0277 = - 0.0358.
Overall, these supplementary findings suggests that is mainly the knowledge dimension of

vicarious knowledge that drives the downward pressure on the experiential knowledge curve,
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whereas the relational dimension is chiefly responsible for a weak positive lift of the curve at low

values of experiential knowledge.

Limitations

We believe our study substantially advances understanding about how different
knowledge types influence the usefulness of inventions, our empirical approach faces some
limitations that are common when using patent data. Firstly, we know little about the quality or
strength of the collaborative ties. Because we measure tie occurrence and not tie strength (i.e. the
number of repeat occurrences), we remain agnostic about the costs of tie maintenance. It is
possible that if tie maintenance costs are high as they require time and attention, the effects we
found could be sharpened out or potentially become curvilinear. We leave it to future research to

investigate this.

We also do not know the reasons why an original team is (partially) replaced by a new
team in a sequential invention and the knowledge search process that is driving this team
recombination (Schillebeeckx, 2014, Ch. 3). Our data do not allow us to investigate idiosyncratic
differences between specific inventors who can be very (un)motivated to or, very good (bad) at
transferring knowledge. While such motivational issues are perhaps less prevalent within an
organization, these can be subject to the reward structures in the firm. If budget allocations are
based on the success of specific inventions, old team members might be hesitant to help their
colleagues. As Coff (1999) suggested, holders of VRIN resources such as tacit knowledge can
withhold these resources or appropriate the benefits so that they do not accrue to the firm. The

same can happen in the context of inventing teams.

Our data do not allow us to formally differentiate between the three learning processes

that occur during and in between different sequential projects: experience accumulation,
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knowledge articulation, and knowledge codification (Prencipe & Tell, 2001). Our model
measures accumulation as experiential knowledge and presumes articulation happens, either
through direct involvement of a bridging tie, or via vicarious knowledge and its three

dimensions. Codification is explicit through patenting.

Finally, we cannot a priori distinguish between those firms that favor personalization
over codification (Hansen et al., 1999). Firms that favor personalization, or that use explorer
landscapes rely more heavily on direct person-to-person knowledge transfer and thus for them
the experiential and vicarious knowledge variables would be expected to be more significant
while the opposite holds true for exploiter landscapes or firms using codification strategies.
Navigators would be somewhere in the middle (Prencipe & Tell, 2001). Data regarding time
allocations to active knowledge exchange and problem solving (e.g. Haas et al., 2015) and more
detailed information about investments in knowledge storage systems would be needed to

differentiate between firms with diverging preferred learning mechanisms.

DISCUSSION AND IMPLICATIONS

Haldin-Herrgard (2000) argued that “different methods like apprenticeship, direct
interaction, networking and action learning that include face-to-face social interaction and
practical experiences are more suitable for supporting the sharing of tacit knowledge” (p. 359),
because “tacitness is hard to diffuse technologically” (p. 363). Our findings indeed support such
perspective. Experiential knowledge can only be deployed by bridging ties that engage in direct
interaction with new team members. This interaction creates constructive conflict and stimulates
information elaboration. Both processes are fundamental to creativity and innovation (Hoever et

al., 2012; Skilton & Dooley, 2010). This leads us to believe that the question of whether tacit
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knowledge can be transferred within teams or between organizations is potentially the wrong
question. In the process of knowledge creation, knowledge components are never discrete inputs
into a production-like process. They are not Lego blocks that can be plugged into a team’s pre-
existing knowledge architecture. Especially the sharing of tacit knowledge components implies
the creation of new (tacit) knowledge both within the original knowledge owner and the
knowledge ‘recipient’. It is this complex process that forms the foundation of successful
invention, as it is exactly the interplay between those who are knowledgeable and those who are
less so that creates an environment in which half-hunches can recombine into new ideas

(Johnson, 2011).

Levin and Cross (2004, p. 1487) call for research that examines the role of indirect ties or
network-level properties on the formation of trust and consequentially on knowledge transfer and
performance. While we do not measure trust, our parceling of vicarious knowledge into three
constitutive dimensions goes some way to responding to their call. Our results suggest that the
relational dimension has the strongest impact, especially when vicarious knowledge is high.
However, for low vicarious knowledge, we found that similarity in old and new inventors’
knowledge portfolios reduced the effectiveness of bridging ties. This is an important result that
requires further empirical exploration because it suggests that depending on the prior experiences
of new-to-the-team inventors, the same core experiential knowledge can contribute to or reduce
the usefulness of invention (e.g. Singh & Fleming, 2010). Thus, while we started from “an
absolutist position on tacit knowledge” in that codified knowledge still requires interpretation to
be useful (Ancori et al., 2000, p. 257), we arrived at a relativist position where the value of
knowledge itself is intrinsically relational and thus constantly re-enacted through the interplay

between ‘creating individuals’. In a way this extends Haas’s finding (2006, p. 1181) that “the
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value of knowledge gathering can be reduced by the situationally embedded, socially
constructed, and highly contested nature of knowledge in many organizations”. We submit it is
not only the value of knowledge gathering but the value of knowledge itself that is

fundamentally moderated by the nature of the knowledge with which it interacts.

Finally, our study raises questions regarding the importance of time and context in team
research and work on intra-organizational knowledge networks (Alnuaimi et al., 2015; Phelps et
al., 2012). Our findings warrant attention to how teams evolve and how past projects and prior
team constellations influence the efficacy of future teams that work on sequential inventions. As
such, we contribute to studies on the contingency effects of intertemporal team composition.
While much of the work on teams in psychology and organizational behavior has proven highly
insightful in exposing mechanisms that underlie team performance and acceptance to newcomers
(Hirst et al., 2009; Hoever et al., 2012; Homan et al., 2008; Rink et al., 2013), few of these
studies have explored how intertemporal changes in team composition affect these underlying
mechanisms. Moreover while experimental studies are useful to expose the complex mechanisms
at play, they generally rely on discrete events (e.g. hypothetical action of newcomer) and hence
remain agnostic about how their findings could change in time thanks to newcomer socialization
(Rink et al., 2013, p. 256). We believe our study improves understanding about the conditions
under which teams that receive newcomers benefit from “the potentially innovation-enhancing
instability that they inevitably bring to the team” (Rink et al., 2013, p. 249). This work is
therefore both theoretically and practically important because it could guide managers in their

efforts to build successful teams over time.
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Managerial Implications

A first implication of our results is that existing knowledge management systems in the
semiconductor industry are unable to capture, store, and make accessible the tacit knowledge
gained by inventors. The positive contribution made by bridging ties in sequential inventions is
indicative of this. However, we also find that building a team entirely of people with experiential
knowledge in the technological domains that underlie the focal invention is suboptimal. Such
teams are less likely to think innovatively as their aligned mindsets can create groupthink in
which perspectives are not elaborated on or challenged which reduces innovative success

(Brockman & Anthony, 1998; Hoever et al., 2012).

Secondly, the finding that vicarious knowledge can attenuate the negative effect of the
absence of bridging ties is important for R&D managers. This suggests that prior collaborative
experience results in important knowledge spillovers that can partially compensate for the
absence of inventors with focal experiences. However, vicarious knowledge also has the
potential to degrade the usefulness of inventions when experiential knowledge is moderate. This
suggests that teams are often not composed in a way that will maximize the ensuing invention’s
potential. We suggest that the absence of a clear way of doing things creates conflicts within
teams that consist of people with high vicarious knowledge as well as bridging ties. In such
teams, increasing vicarious knowledge is likely to result in increasing challenges to the mental
models of the bridging ties which results in a-creative conflict. It is only when both vicarious and
experiential knowledge are high that both forms reinforce one another. The high experiential
knowledge lays a legitimate claim on the way things are done and the new team members with
high vicarious knowledge are able to quickly learn the necessary techniques and technologies to

contribute to the team while at the same time benefiting from vicarious legitimacy, i.e. they have
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proven their worth in prior collaborations. Under these conditions creative conflicts can emerge

and drive the generation of very useful inventions.

Finally, organizations should take the positive effect of these bridging ties into account
when deciding to promote or let go of specific inventors. Technological trajectories that are of
keen interest to a specific firm should be safeguarded from undesirable inventor exit. Such exit
can occur largely outside the power of the organization (due to illness or an inventor quitting),
but can also be the consequence of strategic choices (personnel reductions or promotions). While
reductions can be part of broader reorganizations which are known to come at a cost, the
possibility of promoting high-flying inventors out of the lab into managerial positions can thus
be accompanied by the loss of valuable tacit knowledge. In either case, managers should
incentivize the departing inventor to revisit prior inventions in some detail in such a way that
new inventors can learn from the process, the failed experimentation, and the approach that
underlay the invention itself. While this is potentially not sufficient for tacit knowledge transfer,
such and similar exercises could go some way in overcoming the loss created by the inventor

exit.

CONCLUSION

In this article, we investigated the contingent effects of experiential knowledge on the
usefulness of inventions. Our findings suggest that such knowledge is valuable but limitedly so.
Experiential knowledge contributes to inventive outcomes provided that not all team members
have such knowledge, because in that case rigid mental models and lack of novelty jeopardize
the invention’s usefulness. We further find that vicarious knowledge attenuates the curvilinear

relationship between experiential knowledge and inventive outcomes in such a way that for very
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high values of vicarious knowledge, the curvilinear effect flips and becomes U-shaped. We
hypothesized that high vicarious knowledge could interfere with moderate experiential
knowledge in that the team cannot easily decide upon which knowledge to rely. At low levels of
experiential knowledge in the team, vicarious knowledge however provides a gateway to
augment the experiential knowledge by engaging with other inventors outside the team as it
facilitates trust, coordination, and search. At the other end, high vicarious knowledge can be a
legitimizing tool that enables a new inventor that joins a team with high experiential knowledge
to become part of the in-crowd quickly, because her knowledge enables her to quickly fit within

the dominant mental model that persists within the team.

At the same time, our findings put a contingency on the statement “that repeat
collaboration makes it more difficult to reproduce even moderate creative success and makes
major successes even less likely” (Skilton & Dooley, 2010, p. 130). While we do find this for
identical teams working on technologically similar inventions, we find the opposite for inventing
teams that have one (or even a few) bridging ties. It seems crucial to add some new person to an

inventing team to enable creative abrasion.
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Table 1: Descriptive Statistics
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Experiential Knowledge
Experiential Knowledge » 2
Vicarious Knowledge

Exp * Vic Knowledge

Exp * 2 * Vic Knowledge
Current Team Size

Current Knowledge Applications
Current Technological Domains
Original Team Size

Original Knowledge Applications
Original Technological Domains
Current Claims
Application-grant lag

Tech Domain Jaccard

Tech Domain Jaccard * 2

Firm knowledge breadth

Mean
9.79
0.2
0.19
0.07
0.01
0.01
2.33
17.2
4.49
2.25
14.9
3.67
221
2.69
0.47
0.3
4.01

S.D.
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Table 2: Fixed effects negative binomial regression: Experiential knowledge and invention

usefulness
Al A2 A3
Current Team Size 0.023*** 0.019*** 0.019***
(0.003) (0.003) (0.003)
Current Knowledge Applications 0.001*** 0.001*** 0.001***
(0.000) (0.000) (0.000)
Current Technological Domains 0.016*** 0.018*** 0.018***
(0.002) (0.002) (0.002)
Original Team Size 0.005+ 0.005+ 0.005
(0.003) (0.003) (0.003)
Original Knowledge Applications 0.000 0.000 0.000
(0.000) (0.000) (0.000)
Original Technological Domains -0.000 0.002 0.002
(0.002) (0.002) (0.002)
Current Claims 0.004*** 0.004*** 0.004***
(0.000) (0.000) (0.000)
Time lag between application -0.053*** -0.057*** -0.057***
and grant date (0.004) (0.004) (0.004)
Technological Domains 0.145+ 0.253** 0.253**
Jaccard index (0.085) (0.087) (0.087)
Technological Domains -0.188** -0.237%** -0.236***
Jaccard index Squared (0.068) (0.069) (0.069)
Firm Domain Experience -0.032*** -0.034*** -0.033***
(0.004) (0.004) (0.004)
Experiential Knowledge 0.408***
(0.073)
Experiential Knowledge Squared -0.507*** ©
(0.074)
Current Team is completely new -0.069***
(0.017)
Current Team contains only bridging -0.168***
ties (0.019)
Constant -0.169*** -0.182*** -0.111**
(0.038) (0.038) (0.042)
# Observations 42730 42730 42730
# Firms 124 124 124
Chi2 1387.640 1479.129 1478.058
Log Likelihood -140000.597 -139957.978 -139958.564

Standard errors in parentheses
+p<0.1,*p<0.05, **p<0.01, ***p<0.001

Differences in Log Likelihood are statistically significant liken to A1 (p < 0.001)
° The marginal effects of experiential knowledge are positive and significant until experiential knowledge reaches a
value of 0.36. They are insignificant in the range 0.37 — 0.42, after which they become negative and significant. This

supports the observed quadratic effect.
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Table 3: Fixed effects negative binomial regression: Vicarious Knowledge and Invention

Usefulness
B1 B2 B3 B4 B5
Current Team Size 0.019*** 0.022*** 0.022*** 0.019*** 0.019***
(0.003) (0.003) (0.003) (0.003) (0.003)
Current Knowledge Applications 0.001*** 0.001*** 0.001*** 0.001*** 0.001***
(0.000) (0.000) (0.000) (0.000) (0.000)
Current Technological Domains 0.018*** 0.016*** 0.016*** 0.018*** 0.018***
(0.002) (0.002) (0.002) (0.002) (0.002)
Original Team Size 0.005+ 0.005% 0.005% 0.005% 0.004
(0.003) (0.003) (0.003) (0.003) (0.003)
Original Knowledge Applications 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
Original Technological Domains 0.002 -0.001 -0.001 0.002 0.002
(0.002) (0.002) (0.002) (0.002) (0.002)
Current Claims 0.004*** 0.004*** 0.004*** 0.004*** 0.004***
(0.000) (0.000) (0.000) (0.000) (0.000)
Time lag between application -0.057*** -0.053*** -0.053*** -0.057*** -0.057***
and grant date (0.004) (0.004) (0.004) (0.004) (0.004)
Technological Domains 0.253** 0.136 0.136 0.250** 0.247**
Jaccard index (0.087) (0.085) (0.085) (0.087) (0.087)
Technological Domains -0.237*** -0.179** -0.179** -0.234%** -0.232%**
Jaccard index Squared (0.069) (0.068) (0.068) (0.069) (0.069)
Firm Domain Experience -0.034*** -0.033*** -0.033*** -0.034*** -0.034***
(0.004) (0.004) (0.004) (0.004) (0.004)
Experiential Knowledge 0.408*** 0.365*** 0.557***
(0.073) (0.082) (0.102)
Experiential Knowledge Squared -0.507*** -0.461*** -0.651***
(0.074) (0.084) (0.103)
Vicarious Knowledge 0.094*** 0.123+ 0.027 0.072*
(0.021) (0.070) (0.024) (0.028)
Vicarious Knowledge Squared -0.034°
(0.080)
Experiential Knowledge -0.855**
X Vicarious Knowledge (0.289)
Experiential Knowledge Squared 1.069*
X Vicarious Knowledge (0.430)
Constant -0.182*** -0.168*** -0.168*** -0.182*** -0.182***
(0.038) (0.038) (0.038) (0.038) (0.038)
# Observations 42730 42730 42730 42730 42730
# Firms 124 124 124 124 124
Chi2 1479.129 1411.122 1411.276 1480.959 1492.588
Log Likelihood -139957.978 -139990.390 -139990.299 -139957.335 -139952.373

Standard errors in parentheses

+p<0.1,*p<0.05, **p<0.01, ***p<0.001

Differences in Log likelihood between B5 and B4 or B1 are statistically significant (p < 0.01)

° The marginal effects of vicarious knowledge for model B3 are positive and significant until vicarious knowledge
reach a value of 0.683. Above this value the marginal effects remain positive yet insignificant. We therefore drop the
quadratic term of vicarious knowledge from further analysis.
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Table 4: Marginal Effects of Knowledge-related, Structural, and Relational Vicarious

Knowledge on the Usefulness of Sequential Inventions

Experiential
Knowledge

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Knowledge Dimension

0.046 (0.035)
-0.018 (0.032)
-0.065 (0.04)
-0.095 (0.046)*
-0.109 (0.048)*
-0.106 (0.046)*
-0.087 (0.047)t
-0.051 (0.059)
0.001 (0.087)
0.07 (0.127)
0.155 (0.178)

0.095 (0.087)
0.007 (0.138)
-0.059 (0.207)
-0.101 (0.239)
-0.121 (0.233)
-0.119 (0.203)
-0.093 (0.203)
-0.045 (0.301)
0.026 (0.491)
0.12 (0.748)
0.236 (1.062)

Structural Dimension

Relational Dimension

0.144 (0.049)**
0.111 (0.057)%

0.085 (0.078)
0.065 (0.088)
0.053 (0.085)
0.047 (0.079)
0.048 (0.093)
0.056 (0.144)
0.07 (0.227)
0.092 (0.334)
0.12 (0.463)

+p<0.1,*p<0.05 **p<0.01

Table 5: Fixed effects negative binomial regression: Deconstructing Vicarious Knowledge

Base Full VK =0 VK <048 VK>0.48
Controls \ V V \ \
Experiential Knowledge 0.365** 0.392** 0.576** 0.387 -0.037
(0.082) (0.083) (0.118) (0.273) (0.233)
Experiential Knowledge Squared -0.461** -0.485** -0.668** -0.393 0.091
(0.084) (0.086) (0.119) (0.486) (0.379)
Vicarious Knowledge 0.027
(0.024)
Relational Vicarious Knowledge 0.138** -0.044 0.201 0.239**
(0.044) (0.091) (0.134) (0.072)
Knowledge-related Vicarious Knowledge -0.045 0.061 -0.168* 0.041
(0.030) (0.073) (0.072) (0.065)
Structural Vicarious Knowledge 0.081 0.042 0.645* 0.074
(0.080) (0.090) (0.288) (0.251)
Constant -0.182** -0.184** -0.231** 0.111 0.109
(0.038) (0.038) (0.041) (0.144) (0.141)
# Observations 42730 42730 36446 3218 3045
# Firms 124 124 122 70 72
Chi2 1480.959 1490.963 1177.049 157.387 193.400
Log Likelihood -139957.335 -139952.699 -118276.376 -10701.495 -10093.362

Standard errors in parentheses
+p<0.1,*p<0.05 **p<0.01, ***p<0.001
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Figure 1: Teams
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Figure 3: Experiential and Vicarious Knowledge in Sequential Inventions
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