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Abstract

This paper examines the influence of venture capital (VC) funding on start-ups’ in-
tellectual property (IP) strategies. More specifically, the number of additionally filed
patent and trademark applications after subsequent VC funding rounds is investi-
gated. The results from the analysis of 531 start-ups show that VC funding has a
strong influence on consecutive IP strategy. Already first funding rounds lead to a
remarkable growth of start-ups’ IP portfolios. Yet, although VCs especially promote
product commercialization of start-ups, a greater growth of trademark compared to
patent portfolios cannot be identified. However, this changes during the progress
along the venture cycle.
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1. Introduction

Start-ups face various challenges, especially during the early stages of their opera-
tions. These challenges are, however, not attributable to the potential lack of tech-
nological knowledge which is required to come up with innovations of products and
services. Rather, the underlying problem is often caused by a lack of experience and
expertise and, above all, by insufficient financial resources which young firms typi-
cally exhibit [1]. Nevertheless, these attributes are essential in order to transform new
technologies into marketable products and services creating revenues and, ultimately,
profits.

Previous research has shown that start-ups, among others, lack experience of the

markets that their inventions target [2] as well as of marketing in general [3]. The ma-
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jor challenge, on the contrary, is the need to raise sufficient amounts of capital. Earlier
research has identified start-ups as often being financially constrained [1] [4] and thus,
they must enlist financial support from external sources [4] [5] [6]. With their assets
mostly being intangible, several years of negative cash flows ahead and, above all, great
uncertainty about their future prospects [1] [5] [7], bank loans and other kinds of tradi-
tional financing methods might not be appropriate alternatives [5] [8] [9]. In contrast,
venture capitalists (VCs) seem to be much more eligible [7] [5] [10].

VCs, however, are not mere “silent partners” [10], but rather exert strong influence
on the start-ups they finance. Among others, several studies suggest that VCs shape
start-ups’ intellectual property (IP) management, meaning the intensity of filing intel-
lectual property rights (IPRs) in the form of patents and trademarks [10] [11] [12] [13].
Nonetheless, IP portfolios already play an important role at the beginning of the rela-
tionship between VCs and start-ups. When deciding whether to invest or not, it is dif-
ficult for VCs to evaluate a start-up and its ability to turn out profitable in the end (see
e.g. [6] [14]). One prominent attempt to overcome these information asymmetries is to
evaluate start-ups’ IP assets such as patents and trademarks. In this context, patents and
trademarks serve as quality signals for VC financing and therefore, contribute to a
start-up’s ability to attract VCs. Previous studies on the signaling value of patents have
shown that having patents increases the likelihood of receiving VC funding for start-
ups [14] [15] [16] [17] [18] as well as reduces the time to first VC financing [14] [19].
Furthermore, a positive influence of patents on VC financing amounts has been dis-
covered [7] [9] [20]. Compared to research on the signaling value of patents, research
on the signaling value of trademarks for start-ups is rather scarce [21].

Besides the impact of start-ups’ patent and trademark portfolios on investment deci-
sions—namely the signaling effect, the converse case has also been examined. Venture-
backed firms are more likely to file patents [10] [13] and also have a higher number of
patents [10] [12] [13]. Furthermore, an impact of VC funding on start-ups’ trademark
portfolios has been identified. Nevertheless, to the best of our knowledge, only De Vries
et al. [11] have investigated this effect so far and revealed a positive relation.

Further linking the compositions of start-ups’ IP portfolios before and after VC in-
vestments would provide an important contribution to existing research on the interre-
lation of VC funding and IP strategy of start-ups. There already is a small body of re-
search on the influence of VCs on patent portfolios of start-ups. However, these studies
have set a slightly different focus [12] [13] or investigated only a rather small number of
venture-backed firms [10]. With regard to trademarking activity, the study of [11] has
been the only one investigating this issue.

Hence, this study is to the best of our knowledge the first to close the gap and jointly
compares patent and trademark portfolios before and after funding rounds across a
large sample of U.S. start-ups. More specifically, it is examined whether VC invest-
ments shape start-ups’ IP portfolios in terms of scope and composition. Furthermore, it
analyzes whether and to what extent the stage of the venture cycle at which VC invest-

ments are received affects this influence.
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In this study, a large set of patent and trademark data of U.S. start-ups that have re-
ceived VC funding between 1991 and 2009 is used to demonstrate that first VC funding
rounds lead to a rise in the number of both patent and trademark applications. Howev-
er, the assumption that the rise is more significant for trademarks compared to patents
cannot be proved. Finally, the results imply a partially increasing effect of trademark
applications with every subsequent funding round.

These findings provide several contributions to research on the interrelation between
VC financing and IP strategy of start-ups. First, it adds to the body of research on
start-ups’ IP portfolios. Specifically, it contributes to a deeper understanding of the re-
lationship between VC funding and IP portfolios [10] [11] [12] [13] by explaining why
and to what extent start-ups’ IP strategies are influenced by VC investments. Hence,
this paper seeks to explain why the composition of start-ups’ IP portfolios—with regard
to the number of and proportion between patents and trademarks—changes after VC
investment. Second, this study underpins that VCs promote commercialization [11]
[19] [22]. Third, this study contributes to the literature on the varying importance of
patent and trademarks at different stages during a start-up’s development [9] [11].

This paper is structured as follows. Section 2 gives an overview of related literature.
In section 3, hypotheses on the influence of VC investments on start-ups’ IP portfolios
are developed. Section 4 describes the data, variable definitions and method. In section
5, the descriptive and multivariate results are provided and discussed. Section 6 indi-
cates the contributions of this study as well as its limitations and proposes directions

for future research.

2. Related Literature

2.1. Importance of Patents for Start-Ups to Protect Technology

A patent grants its holder the right to exclude others from producing or using the un-
derlying invention (e.g. [23] [24]) and thus, protects a firm’s technological assets [11].
The protection is guaranteed for a limited period of time, usually twenty years [24].
During the time of protection, patents provide a competitive advantage for firms through
the possibility of offering distinctive products or services, exploiting cost advantages or
generating revenues from licensing activities [18] [25] [26]. However, the protection of
technology through patents is associated with certain tangible and intangible costs (see
e.g. [27] [28]). Whereas the tangible component consists of costs for the filing and de-
fense of patents, the intangible part is related to the costs of information disclosure (see
e.g. [27] [28]). Consequently, a firm will only decide to file a patent if the possible bene-
fits resulting from the protection mechanism exceed the costs for filing the patent [27]
[29].

In prior research, differences in the patenting behavior—meaning the intensity of as
well as the reasons for patenting—across industries have been shown. Several studies have
suggested that patents may be more important for industries such as pharmaceuticals
and chemicals [30], whereas they are considered of less value in, for instance, software

and internet industries [16]. Reference [25] has differentiated between discrete—such
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as chemicals—and complex industries—such as semiconductors—and investigated the
underlying reasons for patenting. In the former, patents are used for defensive purposes
whereas in the latter mainly for offensive reasons. Furthermore, the patenting behavior
differs among service and manufacturing firms whereby patents are considered more
important for the latter [31]. Nevertheless, not only industry characteristics influence
patenting decisions, firm size has proven to be of similar importance. Several studies
have identified patent intensity as being positively related to firm size (e.g., [10] [31]
[30] [32]). The focus of this study, however, is on small firms—more specifically on small
and new firms—namely start-ups.

Some of the benefits resulting from patenting show similarities between start-ups
and larger firms. These involve mainly competitive advantages, preventing others from
copying technology, and enhancing reputation (see e.g. [16] [25]), whereby the latter
may be particularly important for start-ups [16]. Reference [15] considers a patent as
“important asset that provides protection from imitation or a basis for contracting in
the market for technology” for start-ups. Reference [25] has a similar view. They regard
patents as facilitating negotiations with other firms by strengthening start-ups’ posi-
tions.

Although patents provide several benefits for start-ups, the costs associated with the
filing of patents are more likely to affect them, since they are typically constrained in
terms of capital and staff. First, the direct costs related to the patenting process esti-
mated at about USD 20,000 [29] may be regarded as a considerably high amount for
start-ups [18]. Furthermore, they often lack resources needed for defending their pa-
tents [25] [33]—including monitoring possible violations and litigating in the case of
infringement. Another important issue is the absence of funded knowledge regarding
legal issues which is particularly crucial for defending a firm’s IP [18].

Once start-ups have made the decision to patent, however, they typically exhibit bet-
ter characteristics than their non-patenting peers. Several studies have revealed a posi-
tive correlation between patenting and subsequent performance. First, patenting activi-
ty has been found to increase firm survival [9] [33] [34] [35]. Second, it has been identi-
fied as being positively related to the probability of issuing initial public offerings (IPOs)
[6] [7]. Third, [33] had found patenting to enhance growth rates. Another important

aspect is the positive effect of patenting on subsequent firm valuation [18] [36].

2.2. Importance of Trademarks for Start-Ups to Protect Market Access

While patents are strongly related to a company’s technology base and therefore to its
research and development (R & D) activities, trademarks are connected to marketing
activities [37]. A trademark is defined as a “distinctive sign which identifies certain
goods or services as those produced or provided by a specific person or enterprise”
[24]. It can be a word, name, phrase, symbol, or logo [38] [39]. In contrary to patents,
the protection provided by trademarks can be perpetuated permanently [24] [28]. This
creates the possibility to realize profits from an innovation after the initial protection by

patents has expired [40]. The main benefit from filing trademarks is that it enables
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firms to differentiate their products from those of their competitors [35] [41] [42] and
so, allows them to indicate “a certain level of quality or other characteristic” [35]. Thus,
trademarks help to reduce consumer search costs [37] [42]. However, while a patent
results in competitive advantages immediately after the grant decision, the benefits re-
sulting from trademark filing require providing consistent quality of the product or
service protected by the trademark [42] and will only be developed over time [11].

Extant literature has suggested trademarks as being more widely applicable than pa-
tents since their usefulness is not restricted primarily to manufacturing sectors (e.g.
[35] [38] [43]). Furthermore, a major advantage of filing trademarks is that the applica-
tion process is associated with less necessary resources. First, applying for a trademark
is considerably cheaper than applying for a patent [38] [44]. Second, filing a trademark
does not require a technological breakthrough like a patent [38] and the subsequent
grant decision is less risky—meaning it is more likely to receive a grant decision for a
trademark than for a patent. Patent eligibility requires that the underlying innovation is
novel and non-obvious, whereas in the case of trademarks only the criterion of distinc-
tiveness needs to be met [45]. These characteristics may make trademarks especially
suitable for small firms.

Besides the lack of financial resources, their newness is a major challenge for start-
ups [3]. New firms are usually unknown to potential customers and as a result, they of-
ten have to face a lack of trust in their new products or services [3]. Therefore, investing
in marketing in order to finally start establishing identity and with it a brand seems to
be pivotal to subsequent success [3]. In this process, trademarks can be regarded as
fundamental for effective commercialization and diffusion of start-ups’ innovations
[11] [35].

Similar to patenting start-ups, trademarking start-ups exhibit several positive cha-
racteristics compared to their non-trademarking peers. Although literature on the in-
terrelation of start-ups’ trademarking behavior and their subsequent performance is
relatively scarce, a positive effect of trademarking on survival [35] as well as on asset
growth has been identified [33]. However, it is important to notice that trademarking
only relates to subsequent performance as an indicator of innovation. This means, in-
novation leads to performance improvements—with trademarking being its measure—

and not the mere fact of trademarking alone.

2.3. VCs and Their Influence on Start-Ups

As indicated above, VCs are substantially involved in businesses of the companies they
finance [11] [19] [46]. In order to increase the likelihood of success and rise their return
on investment VCs take various measures—such as setting milestones [8] [11] [22] or
staging capital injection [46] [47]. However, VCs do not merely monitor the businesses
they finance, but they also provide advice and expertise [4] [10] [19] [12]. A rather
broad body of research has investigated the potential benefits provided by VCs. For in-
stance, [48] regards VCs as “value-added investors” that allocate benefits that excess the

sole supply of financial resources. Rather they assist young firms in developing strate-
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gies [10] [11] [19]. By doing so, they provide support for making decisions regarding
marketing [12], financing, budgeting and human resource (HR) issues [10]. Reference
[3], for instance, regards especially insufficient marketing knowledge as major obstacle
for the success of start-ups. Owing to their experience, VCs can usually compensate that
lack of knowledge and set start-ups on the right track. Furthermore, VCs may speed up
start-ups’ development processes [19] and, hence, promote professionalization [22]. An
evident sign for a start-up’s professionalization progress is the recruitment of senior
management [19]. Typically, venture-backed start-ups earlier recruit outside chief ex-
ecutive officers (CEOs) [22] which make the influence of VCs on the professionaliza-
tion process apparent. Another indicator of start-ups’ development stages is the launch
of products on the market [3]. In this context, [19] had identified venture-financed
start-ups as being faster in bringing products to the market

Besides the direct influence on start-ups’ strategies, VCs have been found to provide
further benefits. Due to their newness start-ups usually do not exhibit a sound level of
reputation [3] [49] which is essential for establishing relationships with customers and
suppliers in order to successfully achieve market entries [3] [50]. VCs can help to over-
come this challenge by providing forms of certifications regarding the quality of the fi-
nanced companies [8] [48] [49]. The importance of certification for start-ups has been
demonstrated by, for instance, [49] who has shown that financing offers by VCs with
high reputation are much more likely to be accepted by start-ups than offers from VCs
with a lower degree of reputation. Another proof of VCs’ certification effect and its re-
levance for start-ups is the increase of coorporative behavior after having received VC
financing [50]. However, in the context of entering into cooperations, the intermedia-
tion function of VCs plays an equally important role. VCs often have large networks [4]
[8] and consequently, can help start-ups find appropriate partners [26] [50]. Further-
more, VCs can help start-ups to acquire additional capital in later stages [46] [49]. A
considerable avenue of research has also identified a positive correlation between re-
ceiving VC financing and subsequent performance. Start-ups being venture-backed have
increased likelihoods of IPOs [50] as well as higher valuations at the time of IPOs [51].
Additionally, start-ups often exhibit a remarkable growth in size after receiving VC fi-
nancing [52] [53].

2.4. Patents and Trademarks in the Context of VC Financing

Since this paper seeks to shed light on the changes in start-ups’ patent and trademark
portfolios after VC investments both literature on the role of patents and trademarks
before and after VC investments have been investigated. The literature in this context
can be divided into two major streams—the signaling value of patents and trademarks
before VC financing and the influence of said investments on the underlying portfolios.
As indicated above, start-ups face various obstacles when seeking external finance re-
sulting from substantial information asymmetries between them and their potential fin-
anciers [1]. Since they cannot display major revenues [14]—especially in their early

stages—VCs need to examine other factors that may indicate start-ups’ expected values
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(see also [14] [54] [55]). One such indicator might be the scopes of start-ups’ patent
portfolios which hence, can be regarded as signals for their quality [14] [18] [54].

In signaling theory, a signal is sent by the better informed party—the start-up—to
the less informed party—the VC [56]—resulting in a potential reduction of information
asymmetries between those two parties [57]. In order for the sent information to be re-
garded as signal, two requirements need to be met—it has to be observable and costly
[56]. The criterion of observability is obviously fulfilled both in the case of patent [29]
and trademark filings. The requirement of the signal being costly is also met. The filing
of patents is associated with direct costs of up to USD 20,000 [29] and various further
costs of indirect nature—such as costs associated with the disclosure of information
[27] [28] [29]. The filing of trademarks involves considerably less direct costs [38] [44].
Nevertheless, it is related with substantial further efforts since it requires careful thought
about the desired perception of the firm by its consumers. Since start-ups in their early
stages are not only unknown to capital providers but also to potential customers [3],
they need to think even more carefully about the image their trademarks shall convey.
Finally, the interpretation of a signal helps its receiver to draw conclusions about a
characteristic which is difficult or impossible to observe [56] [57]. In the context of
start-up financing, VCs can examine IP portfolios (the signal being the filing of IPRs)
in order to deduce estimations of start-ups’ expected values [14] [18] [20] [54].

Particular evidence for the relevance of patenting activity in reducing information
asymmetries between start-ups and VCs is provided by [7] who have shown that pa-
tenting intensity increases with rising information asymmetry. Reference [18] has re-
vealed similar interrelations. They have found the signaling value of patents as being
greater in earlier funding rounds when information asymmetries are most incisive.
Various studies regard patent activity as conveying information on the expected per-
formance of start-ups [14] [18] [20] [54]. In order for an invention to be patentable
three requirements need to be fulfilled: it needs to be new, non-obvious and useful [28].
The criterion of usefulness implies that there exists a market niche for the underlying
innovation. Since a company will only file a patent in case they expect a positive grant
decision, a company’s decision to do so suggests that they have detected a market niche
for their technology [58]. Additionally, [15] consider patents as reflecting the value of
firms’ technologies, meaning firms having technologies of higher qualities obtain more
patents, and therefore are more attractive to potential investors. Moreover, being able
to “stake technological claims” [59]—which is achieved by filing patents—can signal
start-ups’ future potential [59] which further supports the findings of [15]. Further-
more, [54] has underpinned the relevance of patents’ signaling value for new ventures
by revealing that start-ups decide to file for patents in order to signal their quality to
potential investors. On the other hand, patents can also carry additional information
other than those related to technological quality [58]. Such information can include the
quality of start-ups’ managements [9] [15] [58] and start-ups’ stages of development
[58].

A considerable body of research has succeeded to prove that the signaling function of
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patents is actually valued by VCs. First, patenting start-ups are more likely to receive
VC funding. Reference [15] have conducted a study among U.S. software start-ups and
found that patenting is positively related to the probability of receiving VC financing.
Analyses of [14] [16] [17] [18] [19] have shown similar results, although in different
settings regarding industry and region. Furthermore, patent filings have been found to
positively affect the probability of attracting prominent VCs [18]. In addition, patenting
activity influences the time to first VC funding. Patenting start-ups receive their first
VC funding substantially earlier than their non-patenting peers [14] [19]. In this con-
text, the number of patents as well as their quality positively affects the timing of first
VC funding [14]. Finally, patenting activity has been identified as positively influencing
the amount of VC financing [7] [9] [20].

Contrary to the signaling value of patents, there is no broad body of research on the
signaling value of trademarks in VC financing. References [3] [60] and [61] have sug-
gested that VCs positively value the market orientation of start-ups. Since trademarks
are important means to protect marketing assets, the filing of those is likely to reveal
information on start-ups’ market orientation [62]. Reference [44] has further argued
that trademarks are closely related to innovation in small firms, mainly due to substan-
tially lower costs compared to patents making them more suitable for small firms (see
also [38]). Taken together, one can argue that VCs value trademarks as signals for start-
ups’ technology quality and market readiness. However, to the best of our knowledge,
only [21] have analyzed the signaling value of trademarks so far. They have found a
positive relation between trademarks and subsequent valuation by VCs which provides
support for the reasoning above.

The second relevant stream of literature addresses the converse case—meaning the
influence of VCs on start-ups’ patent and trademark portfolios. Only few researchers
have examined these possible interrelations in the context of patenting. Reference [12]
has investigated the patenting behavior of venture-backed U.S. start-ups across five
manufacturing sectors. VC funding appears to positively influence patenting intensity,
nevertheless, a sSlowdown in patenting during the first year after the funding round has
been observed. However, they have primarily focused on the question if VC funding
promotes innovation or if rather the opposite is the case. Furthermore, [10] has com-
pared the patenting rates of 351 Italian venture-backed (33) and non-venture-backed
start-ups (318) active in high-technology manufacturing industries and software be-
tween 1994 and 2003. According to their analysis, receiving VC funding is accompa-
nied with a significantly higher propensity to patent. Furthermore, it leads to increased
patenting intensity. However, it is important to recognize that the VC industry in Eu-
rope is still in its early stages—especially compared to the U.S. or Israel [10]. When ad-
ditionally considering the small number of venture-backed start-ups in their sample,
their findings may be only of limited informational value. Another study, focusing on
the U.S., has been conducted by [13]. They have investigated the influence of VC funding
on patented inventions by comparing 122 venture-backed and 408 non-venture-backed

start-ups across twenty manufacturing industries between 1965 and 1992. However,
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they have prioritized the question whether VC funding promotes innovation and re-
garded increased patenting activity as the mere outcome of the same. Consequently,
their findings have indicated a positive impact of VC financing on innovation. In fact,
venture capital has been found to be 40 times as potent as R & D. Furthermore, ven-
ture-backed firms are generally more likely to patent and their patents exhibit better
qualities—with patent quality measured by citations. Nevertheless, further shedding light
on the effect of VC funding on subsequent patenting activities of U.S. start-ups would
be a noteworthy contribution to extant literature.

Regarding trademarks, there seems to be only one study investigating the impact of
VC funding on start-ups’ subsequent trademarking activity. The dataset of the study
conducted by [11] consists of 4703 U.S. start-ups operating across six industries that
filed their first IPR between 1998 and 2007. Their analysis has revealed that venture-
financed firms are more likely to file a trademark than a patent as first IPR.

However, there is, to the best of our knowledge, no study jointly examining the im-
pact of VC funding on trademark and patent portfolios. Therefore, comparing trade-
mark portfolios before and after VC financing is another important contribution to li-

terature related to the interface between entrepreneurial financing and IP.

3. Theory and Hypotheses
3.1. VC Investment and the Scope of a Start-Up’s IP Portfolios

Two major factors point to a rise in the number of patents filed after VC funding. The
literature on the importance of patents as quality signals to VCs implies that start-ups
already have obtained patents before first VC funding. Nevertheless, start-ups face
challenges which probably hamper the filing of patents. First, start-ups often lack spe-
cific knowledge of the protection the IPR system can provide [63] which may prevent
them from filing patents. Furthermore, they may lack both knowledge [18] and re-
sources in form of capital and staff which are required to defend their patents [25] [33].
VCs, however, are usually able to provide support in terms of financial resources and
legal knowledge for the filing and defending of start-ups’ patents [9]. Second, extant li-
terature suggests that VCs promote professionalization of the start-ups they finance
[22]. Reference [22] has based professionalization on criteria such as formulation of HR
policies and the recruitment of outsiders as CEOs. In contrast, we extend professiona-
lization to the filing of IPRs. In case of patens, this assumption appears reasonable since
the filing of these shows that firms have recognized the need to protect their technology
in order to successfully master the challenges of launching new products and services.
Taken together, we assume that VCs will promote the filing of IPRs in form of patents.
Specifically, we expect a rise in the number of patent applications after a start-ups’ first
funding round.

Thus, the following hypothesis is formulated:

Hypothesis 1: The first funding round leads to an additional number of patent appli-
cations.

Regarding the filing of trademarks, we have similar assumptions. According to [60]
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[61], VCs regard marketing as crucial for the success of start-ups. In fact, they rank the
importance of marketing higher than all other business functions. Since start-ups often
lack sufficient experience exactly in that field [3], they need the expertise that VCs typ-
ically can provide. Furthermore, VCs set milestones related to the introduction of
products and services on the market in order to shift start-ups’ focus towards commer-
cialization [11] [19] [22]. “Trademarks are an important tool in establishing the com-
municative link to consumers” [11] and therefore the filing of those can be regarded as
one of the initial steps in the commercialization process of innovations. Since VCs aim
at speeding up the commercialization of start-ups’ products and services we shall argue
that VC funding is accompanied by a rise in the number of trademark applications.

The following hypothesis is formulated accordingly:

Hypothesis 2: The first funding round leads to an additional number of trademark

applications.

3.2. VC Investment and the Composition of a Start-Up’S IP Portfolios

We do not only expect a change in the scope of start-ups’ IP portfolios after VC fund-
ing, but we also assume a change in their compositions—meaning the share of patents
and trademarks within the portfolios. VCs usually have a limited time span devoted to
each start-up within which they invest and then expect making first profits [4] [46]
[64]. They usually decide to invest in ventures which they regard as being able to be-
come profitable within reasonable time and with reasonable capital [8]. This implies
that “VCs are not interested in funding basic research” [8]. Rather they aim at, as
aforementioned, shifting start-ups’ focus towards the commercialization of their inno-
vations [11] [19]. This has been further confirmed by [22] who have found out that
venture-backed start-ups have a significantly shorter time-to-market than their non-
venture-backed peers. Since trademarks play an important role in the initial stages of
the commercialization process, a considerable impact on the application of trademarks
can be expected. We assume that VCs may promote the filing of trademarks as an ini-
tial step in the commercialization process more intensely than the filing of additional
patents. Consequently, the share of trademark applications compared to patent applica-
tions in start-ups’ IP portfolios after the first funding round should increase or, in other
words, the number of additional trademark applications after the first funding round is
expected to be higher than the number of additional patent applications.

This assumption is expressed in the following hypothesis:

Hypothesis 3: The first funding round leads to more additional trademark applica-
tions than additional patent applications.

3.3. Effect of VC Investment and the Stage of the Venture Cycle

Furthermore, we shall argue that the effects described in section 3.1 are observable
throughout the whole venture cycle, although their intensities vary. In the underlying
model, the progress through the venture cycle is approximated by the number of fund-

ing rounds. Reference [9] have, among other criteria, also used the number of funding
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rounds as proxy for the progress through the venture cycle, meaning with each subse-
quent funding round start-ups proceed along the venture cycle.

The relationship between VCs and the start-ups they finance is of ongoing nature,
meaning that VCs usually invest repeatedly in the same start-up [47]. Consequently,
they continuously monitor and advise the management, among others, on IP issues.
We therefore assume that each funding round has an impact on the numbers of patent
and trademark applications—meaning a supplementary funding round results in addi-
tional applications of patents and trademarks. However, we further expect that these
effects will vary when start-ups proceed along the venture cycle.

As aforementioned, VCs provide support in terms of expertise and capital for the
filing of patents in order to protect a start-up’s existing technology base [9] [12] and
promote start-ups’ professionalization [22]. However, we do not expect them to partic-
ularly aim at enhancing further R & D resulting in additional patentable technologies
which is similar to the assumptions of [8]. Furthermore, the signaling value of filing
patent applications decreases once start-ups have succeeded in attracting VC funding.
Even in the case of further capital requirements, the signaling value is expected to play a
minor role since VCs can usually provide support here [46] [49]. Taken together, we
expect the number of additional patent applications after subsequent funding rounds to
decrease along the venture cycle.

This expectation leads to the following hypothesis:

Hypothesis 4: The number of additional patent applications decreases with the start-
ups’ progress through the venture cycle.

Regarding the number of additional trademark applications, we have different ex-
pectations. As start-ups proceed along the venture cycle they leave the phase of devel-
oping new technologies and approach the commercialization of their products or ser-
vices. As abovementioned, VCs purpose shifting the start-ups’ focus towards the com-
mercialization of their innovations [11] [19], which further promotes this process. Since
trademarks are essential components within this development, there is reason to pre-
sume that VCs aim at enhancing start-ups trademarking activities while they proceed
along the venture cycle. Hence, we assume that the number of additional trademark
applications increases with each subsequent funding round.

The following hypothesis should thus hold:

Hypothesis 5: The number of additional trademark applications increases with the

start-ups’ progress through the venture cycle.

4. Data and Method
4.1. Data

The dataset for this analysis has been obtained from several sources. Investment data of
VC-funded start-ups has been acquired from the VentureXpert database (see also e.g.
[7] [9] [15] [11]). Since this study is focused on the U.S. the data on trademark applica-
tions has been collected from the United States Patent and Trademark Office (USPTO).
U.S. patent data has been gathered from the EPO Worldwide Patent Statistical Database
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(also known as PATSTAT). Then, patent and trademark portfolios have been created
using a manual matching process based on the start-ups’ names.

Initially, 50,477 funding rounds of 26,209 U.S.'-based venture-backed” start-ups have
been retrieved from VentureXpert. The VentureXpert database does not provide any
information on companies’ stages within the venture cycle. However, the exclusion of
observations with funding round numbers greater than three seemed to be an appro-
priate way to ensure a focus on start-ups only. Cases with missing start-up founding
dates have been dropped.’ Likewise, funding rounds with incomplete investor data have
been excluded.* Furthermore, funding rounds which featured probable inconsistencies
regarding round date information have been deleted. These include observations with
more than one round date for the same funding round of a company as well as cases in
which funding has been acquired before a start-up’s founding date or rounds which are
reported as having occurred after subsequent rounds. Finally, cases in which funding
occurred more than ten years after a start-ups founding date® have been dropped.®
These modifications lead to a dataset comprising 24,387 funding rounds of 13,896 U.S.
venture-backed start-ups.

In the next step, the data on patents and trademarks” have been adjusted. Since the
trademark dataset has been retrieved from the USPTO it only covers U.S. trademarks.
In order to preserve consistency, patent data has been restricted to the U.S. as well. Fi-
nally, the patent and trademark portfolios have been compiled in a manual matching
process based on the start-ups’ names. In order to improve the measurability of VC
funding on subsequent IP activities, only start-ups that have proven to be generally af-
fine to applying for patents and trademarks have been examined. This means, only
companies that applied for at least one patent and one trademark during the time of
observation® have been kept within the dataset.” Hence, the underlying dataset com-
prises patent and trademark portfolios for 531 start-ups that received in total 1062
funding rounds between 1991 and 2009.

4.2. Operationalization Variables

The two dependent variables of this regression analysis are the additional numbers of

patent and trademark applications filed after VC funding rounds—new patent applica-

'Start-ups for which more than one region is available have been excluded. During this process, also start-ups
with missing company name have been deleted.

’Funding rounds where the investor type is categorized as “Private Equity Firm” (84.56%), “Corporate PE/
Venture” (12.76%) or “SBIC” (2.68%) have been kept within the dataset. SBICs (Small Business Investment
Company) are privately owned funds that make investments in U.S. small companies.

*These cases comprise 15.39% of the initial number of funding rounds.

“Here, the investor name, founding date or funding amount are missing or the investor firm is founded after
the correspondent funding round (29.76% of rounds of initial dataset).

’In these cases, it is likely that data from different companies were merged (following [47]).

®These inconsistent cases comprise 6.54% of all initial funding rounds.

"Trademark applications without filing dates (156 or 0.10%) or invalid Nice classification (47 or 0.03%) have
been excluded.

8The relevant timeframe is between 24 months before the first and 24 months after the third funding round.
Additionally, one company needed to be excluded since its very high number of patent applications seemed
rather suspect.
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tions after round and new trademark applications after round. Using patent applica-
tions rather than grants is widely spread in research on IP activity (e.g. [11] [13] [18])
since “they relate to the point in time at which the start-up made the strategic decision
to obtain a specific type of IP” [11]. Moreover, ultimate patent grant decisions have
been frequently reported as being of little importance in the context of VC funding (e.g.
[7] [14] [15]). Likewise, we also focus on trademark applications rather than registra-
tions. In the further analysis of the quality of the newly filed patents a different depen-
dent variable is used—new citation-weighted patents after round. This variable meas-
ures the number of citations the newly filed patents accumulative receive.

The major independent variables are binary variables for each funding round—
round 1 dummy, round 2 dummy and round 3 dummy which equal one for round one,
round two or round three respectively and otherwise 0. Furthermore, the number of
patent and trademark applications before funding rounds are included— patent appli-
cations before round and trademark applications before round. Patent and trademark
applications which are more than five years before a start-up’s founding date have not
been counted.’ Additionally, a patent dummy variable and a trademark dummy varia-
ble are used. These allow distinguishing the effects of VC funding on the number of ad-
ditional patent and trademark applications for start-ups that have not applied for any
patents or trademarks prior to first funding from those having filed at least one applica-
tion. Similar variables have been created for the above mentioned investigation of pa-
tent citations. Citation-weighted patents before round counts the number of citations of
those patent applications that were filed before funding rounds. The citations dummy
distinguishes start-ups whose patents'' before first funding have no citations from those
start-ups whose patents have. Additionally, the variables patent literature backward
references and non-patent literature backward references represent the number of
backward references in patent and non-patent literature, respectively.

The following control variables are included in the regression analysis. Start-up age
(see also [11] [18] [21]) represents the age in years of start-ups at funding. There is
reason to assume that older start-ups already are further developed within their busi-
ness cycle and therefore differ in their IP portfolios [65]. In order to control for differ-
ences in VC characteristics and influence, the number of investors of a particular fund-
ing round is included. VC age measures the time in years between a VC’s first invest-
ment and the date of the current funding round (see also e.g. [21]). VC experience
counts the number of investments a VC already has undertaken prior to the current
funding round (see also e.g. [21]). In case more than one VC invests in a specific fund-
ing round, the average values for age and experience are calculated. Furthermore, we
control for the amount of funding. Since the underlying data does not provide informa-
tion on the amount that a particular VC invests in a specific funding round, the amount

that a VC invests in total in a start-up— fotal amount invested in start-up by VCis used

"There is reason to assume that patent and trademark applications which were filed more than five years be-
fore a company’s founding date are hardly, if at all, related to the current business of the company. Alterna-
tively, IP portfolios of different companies could have been merged.

Patents refers to patent applications in this context.
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Table 1. Definition of variables.

instead. Again, in the case of a syndicate the mean value is calculated. Finally, six in-
dustry and six U.S. region dummies (see also e.g. [11] [21]) are included in order to
capture differences across industries [16] [25] [31] and regions. An overview of all va-

riables of the regression is provided in Table 1.

Variable

Dependent variables

New patent applications after round

New citation-weighted patents after round

New trademark applications after round

Independent variables
Intellectual property characteristics

Patent applications before round
Patent dummy

Citation-weighted patents before round
Citations dummy

Patent literature bwd. references
Non-patent literature bwd. references
Trademark applications before round
Trademark dummy

Investment characteristics

Round 1 dummy

Round 2 dummy

Round 3 dummy

Number of VCs investing in round
Total amount invested in start-up by VC

Investor Characteristics

VC age

VC experience

Start-up Characteristics

Start-up age

Start-up industry dummies

Start-up region dummies

Description

Number of additional U.S. patent applications after funding round (patent applications between 12* (24**)
months before and 12 (24) months after funding round are counted); *M1, **M3

Number of (three years forward) citations of new U.S. patent applications after funding round.

Number of additional U.S. trademark applications after funding round (trademark applications between 12*
(24**) months before and 12 (24) months after funding round are counted); *M 2, **M4

U.S. patent applications that a start-up filed before a round

Allows distinguishing between start-ups that have not applied for any U.S. patents prior to first funding (=0)
from those that have

Number of (three years forward) citations of U.S. patent applications filed before funding round

Allows distinguishing between start-ups who have no patents cited prior to first funding round (=0) from
those that have

Number of backward references in patent literature of U.S. patent applications filed before funding round

Number of backward references in non-patent literature of U.S. patent applications filed before funding
round

U.S. trademark applications that a start-up filed before a round

Allows distinguishing between start-ups that have not applied for any U.S. trademarks prior to first funding
(=0) from those that have

Refers to the number of funding rounds,

Equals 1 for first funding rounds, 0 otherwise
Refers to the number of funding rounds,

Equals 1 for second funding rounds, 0 otherwise
Refers to the number of funding rounds,

Equals 1 for third funding rounds, 0 otherwise

Number of VCs investing in a funding round

Total amount of funding in USD provided by a VC
throughout all rounds. In case of multiple VCs in one round the average is used

Time in years between a VC’s first investment in its company history and focal funding round date. In case
of multiple VCs in one round the average is used

Counts number of investments a VC already has undertaken prior to funding round date. In case of multiple
VCs in one round the average is used

Age of start-up at funding round date (in years)

Six variables to distinguish between start-ups’ industries:
Communications and Media”, “Medical/Health”,

» <« » o«

“Biotechnology”, “Computer Software and Services”,
“Semiconductors/Other Elect” and “Other”

Six variables to distinguish between start-ups’ regions: “N. California”, “New England”, “New York
Tri-State”, “S. California”, “Southwest” and “Other”
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4.3. Event Analysis

This paper uses an event study to perform the underlying analysis (see also e.g. [66]).
An event study is usually applied to “see whether a particular event influences some
outcome” [67] and therefore appears most appropriate for investigating the influence of
VC funding—being the event-on start-ups’ IP portfolios—being the outcome. More
precisely, the number of new patent and trademark applications after VC funding
rounds is determined by comparing the stock of patent and trademark applications be-
fore and after VC funding rounds. The number of applications before funding rounds
is assessed at the point in time 12" months prior to the round date. The number of new
applications after funding rounds comprises applications filed between the timeframe
of 12 months before and 12 months after the round date. Figure 1 exemplarily illu-

strates the assessment of patent applications for the 12 months’ timeframe.

5. Results and Discussion

5.1. Descriptive Results

The final dataset comprises 1062 funding rounds of 531 start-ups with their corres-
ponding patent and trademark portfolios. 35.2% of the observations relate to the first
funding round, 36.0%" and 28.8% to round two and three respectively. Furthermore,
funding rounds refer to start-ups of the following industries: medical/health (25.0%),

computer software and services (19.6%), biotechnology (12.6), communications and

A
Numberfof
patents

New patents
after round

Patent stock
after round

Patent stock
before round

L K T —»

Time

|| |
12 months 12 months

Funding round
Note: Patents refers to patent applications

Figure 1. Assessment of new patent applications after funding round.

In M1 and M2 a twelve months’ timeframe whereas in M3 and M4 a 24 months’ timeframe is used.
The higher proportion of second rounds compared to first rounds results from start-ups that have obtained
capital from sources other than VCs prior to their first VC funding round.
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media (11.5%), semiconductors/other elect (11.0%), and other industries (20.3%). The
mean value for start-up age at funding is 2.9 years (median: 2.4) implying that most of
them are still at early stages of their operations. The results of [18] in a similar study
have revealed a higher age at funding (mean: 4.06) which is probably owed to the fact
that we only include the first three funding rounds in the analysis. On average, the syn-
dicate per round (number of VCs investing in round) comprises 2.2 investors and has
an averaged age (VC age) of nine years as well as undertaken 223 financing deals prior
to funding round (VC experience). The mean value for the fotal amount invested in
start-up by VCis USD 9.4 million.

The variable patent dummy™ indicates that start-ups already acquire at least one pa-
tent prior to first funding in 18.5% of the cases. For instance, also [10] have found that
the majority of start-ups do not apply for patents before the entry of VCs. The highest
proportion of start-ups that patent prior to first funding is found in the biotechnology
industry (23.9%). Previous studies have identified venture-backed start-ups active in
this industry as considerably affine to patenting [16]. This appears to be in accordance
with the findings of this study when comparing the proportion with other industries.
Generally, the proportion is rather low. The mean number of patent applications before
round is 8.7 (median: 1). Minimum (0), maximum (303) and standard deviation (24.0)
suggest a fairly high variance in start-ups’ patent strategies'®. Interestingly, the comput-
er software and service industry features the highest mean value (12.7). Preceding ana-
lyses have suggested that patents for companies of this industry are of little value [16]
[43]—at least before they approach the stage of generating revenues [9]. Firms of this
sample, however, might not necessarily have reached this stage yet. The variable new
patent applications after round show a slightly lower, but still high level of variance. A
mean value of 5.8 and a maximum of 225 patents indicate a pronounced influence of
VC funding on subsequent patenting activity. Again, the results are contrary to pre-
vious findings regarding the importance of patenting in the software industry. The un-
derlying data suggest a high maximum (171) and considerable great mean (6.7) for the
number of new patent applications after funding round in this industry.

In contrast, trademarking activity appears to be more homogenous among the inves-
tigated start-ups. Generally, mean (1.8), minimum (0), maximum (28) and standard
deviation (3.2) of trademark applications before round show lower values implying that
the distribution of trademarks before funding is less dispersed compared to patents. For
instance, [21] have also found start-ups’ trademarking strategies being less diverse than
patenting strategies. Start-ups operating in the communication and media industry
demonstrate the highest mean value for this variable (2.6) as well as for new trademark
applications after round (4.9) which appears natural to assume considering previous
analyses. Reference [11] has aimed at answering a slightly different research question,

but nevertheless their results have proven the high relevance of trademarks in this in-

“Descriptive results of patent and trademark variables in this subchapter refer to the twelve months models
M1 and M2.
5See also [9] for the skewness of patent portfolios.
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dustry. The values for new trademark applications after round across all industries
(mean: 3.3, median: 2, min: 0; max: 84, standard deviation: 5.9) also characterize tra-
demarking activity as less distorted. Besides, extant literature has suggested that trade-
marks are more widely applicable than patents (e.g. [35] [43] [38]). However, the re-
sults of this study suppose that patents are more important. Mean values for both ap-
plications before and new applications after round are higher in the case of patents.
Furthermore, the variable trademark dummy reports that only 10.0% of start-ups ob-
tain trademarks before first funding which does not lend support for the assumption
that trademarks are more deployable than patents. An overview of descriptive results
can be found in Table 2 and Table 3.

Table 2. Descriptive statistics—intellectual property characteristics.

Mean S.D. Median ~ Min. Max.
Intellectual property characteristics
12 months model
New patent applications after round 5.8 19.6 0 0 225
Patent applications before round 8.7 24.0 1 0 303
Patent dummy (in %) 18.5 0 0 1
New citation-weighted patents after round 158.5 2435.1 0 0 55,653
Citation-weighted patents before round 68.0 320.4 0 0 6808
Citations dummy (in %) 15.4 0 0 1
Patent literature bwd. references 482.1 3258.1 0 0 62,300
Non-patent literature bwd. references 943.2 11,187.4 0 0 244,923
New trademark applications after round 3.3 5.9 2 0 84
Trademark applications before round 1.8 3.2 0 0 28
Trademark dummy (in %) 10.0 0 0 1
24 months model
New patent applications after round 11.3 29.6 2 0 278
Patent applications before round 6.0 18.1 0 0 193
Patent dummy (in %) 13.5 0 0 1
New citation-weighted patents after round 202.7 2460.4 1 0 55,938
Citation-weighted patents before round 43.5 262.4 0 0 6808
Citations dummy (in %) 11.6 0 0 1
Patent literature bwd. references 320.5 2623.8 0 0 62,300
Non-patent literature bwd. references 690.6 10,123.3 0 0 232,779
New trademark applications after round 5.8 9.2 3 0 118
Trademark applications before round 0.9 2.1 0 0 19
Trademark dummy (in %) 6.5 0 0 1

K2
1162 0::1‘ Scientific Research Publishing

oge



P. Sandner et al.

Table 3. Descriptive statistics—investment, investor and start-up characteristics.

Mean S.D. Median Min. Max.

Investment characteristics

Round 1 dummy 352 0 0 1
Round 2 dummy 36.0 0 0 1
Round 3 dummy 28.8 0 0 1
Number of VCs investing in round 2.2 1.4 2 1 8
Total amount invested in start-up by VC 9.4 10.1 7.1 0.03 138.7
Investor characteristics
VC age 9.0 4.9 8.9 0 219
VC experience 223.1 264.6 141.6 0 2281.0
Start-up characteristics
Start-up age 2.9 2.2 2.4 0 10
Start-up industry (in %)
Medical/health 25.0 0 0 1
Computer software and serv. 19.6 0 0 1
Biotechnology 12.6 0 0 1
Communications and media 11.5 0 0 1
Semiconductors/other elect. 11.0 0 0 1
Other 20.3 0 0 1
Start-up region (in %)
N. California 33.1 0 0 1
New England 154 0 0 1
S. California 13.6 0 0 1
New York Tri-State 8.0 0 0 1
Southwest 59 0 0 1
Other 24.0 0 0 1

Notes: N = 1062 observations of 531 start-ups that received VC funding between 1991 and 2009. Data sources: VC
data from VentureXpert, patent data from PATSTAT, trademark data from USPTO.

5.2. Multivariate Results

The results of the multivariate analysis for M1 and M2 are first tested using a t-test be-
fore further verified through OLS regression. Table 4 summarizes the results of the
t-test. The mean value for the number of new patent applications after round for first
funding rounds is 6.3. Regarding hypothesis 1, the t-test shows that the null hypothe-
sis—first funding rounds do not have a significant effect on the number of new patent
applications—can be rejected (p < 0.001). Likewise, the results deliver strong support

for hypothesis 2 which assumes a rise in the number of trademarks after first funding
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Table 4. VC funding and additional patent and trademark applications in 12 months model.

New patents® after round New trademarks® after round

Mean S.D. Mean S.D.
Round 1 6.3 20.9 2.8 4.9
Round 2 5.8 19.3 3.7 6.9
Round 3 54 18.6 3.3 5.6
p-value t-value
Hypothesis 1 New patents after round 0.000 5.810%%%
Hypothesis 2 New trademarks after round 0.000 10.998***
Hypothesis 3 New patents vs. new patents 0.999 -3.117
Hypothesis 4  New patents after round
Round 1 vs. round 2 0.381 0.303
Round 2 vs. round 3 0.380 0.307
Hypothesis 5 New trademarks after round
Round 1 vs. round 2 0.0179 —-2.102%
Round 2 vs. round 3 0.7906 0.809

Notes: N = 1062 observations of 531 start-ups that received VC funding between 1991 and 2009; Data sources: VC
data from VentureXpert, patent data from PATSTAT, trademark data from USPTO; *p < 0.05, **p < 0.01, ***p <
0.001; *°New patents and new trademarks refer to new patent and trademark applications.

rounds. The mean value the new trademark applications after round for first rounds is
2.8 and statistically significant (p < 0.001). Since the mean for the number of new ap-
plications is considerably higher for patents (6.3) than for trademarks (2.8) it can be
assumed that hypothesis 3 does not hold. The performed comparison of the two means
confirms this assumption and suggests that rather the opposite is the case. Further-
more, t-tests are applied to investigate the impact of VC funding on additional patent
(H4) and trademark applications (H5) along the venture cycle. The mean values for
new patent applications after round are 6.3 for first, 5.8 for second and 5.4 for third
rounds. This may appear as support for a decreasing number of new patent applications
with the start-up’s progress along the venture cycle (H4). However, the results of the
t-test do not allow rejecting the null hypothesis in both cases and therefore do not pro-
vide support for hypothesis 4. The findings for hypothesis 5 are mixed. The number of
new trademark applications after round shows mean values of 2.8, 3.7 and 3.3 for first,
second and third rounds respectively. Regarding the comparison between first and
second rounds the null hypothesis can be rejected (p < 0.05). However, the results do
not suggest a significantly higher effect of third rounds on trademarking activity com-
pared to second rounds. Taken together, hypothesis 5 is only partly supported, meaning
that the number of additional trademarks filed rises from first to second rounds, but

not from second two third rounds.
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The results of the t-test are further investigated in an OLS regression. In order to
compensate for the skewed distributions of the dependent variables—new patent ap-
plications after round and new trademark applications after round—the natural logs of
these variables are used instead. The following equation estimates the number of new

patent applications after round for firm iin round £'°
log (New patents after round), =
B, + B, (Patents before round, ) + 3, (Patent dummy, )+
B, (Trademarks before round, ) + 8, (Trademark dummy, )+
Bs (Round 2 dummy, )+ 3 (Round 3 dummy, )+ 3, (Number of VCs )+
Bs (Amount invested, )+ S, (VC age, )+ A, (VC experience, )+

B, (Industry dummies; ) + 4, (Region dummies, ) + &.

Table 5 summarizes the results for the 12 months’ timeframe (M1 and M2). In the
underlying regression, first rounds are used as reference group. This implicates that the
effect of second and third rounds is estimated relative to the effect of first rounds. More
specifically, this means that the constant of the regression estimates the effect of first
rounds, whereas the effect of second and third rounds is the sum of the constant’s value
and the coefficient of the round2 dummy or the round 3 dummy;, respectively. The re-
ported results of M1 suggest a strong influence of first funding rounds on subsequent
patenting activity, with an increase of 80.5% of the patent portfolio (p < 0.001). Hypo-
thesis 1 is thus confirmed. When including the patent dummy for first funding rounds,
the estimated effect decreases. This implies that start-ups that already had acquired at
least one patent prior to first funding only feature an increase of 48,6% in their patent
portfolio (p < 0.01). This may indicate that the influence of VC funding is smaller for
start-ups that already had recognized themselves the need for protecting their technol-
ogical knowledge prior to first funding.

M2 investigates the effect of first funding on consecutive trademarking activity and
delivers strong support for hypothesis 2. The value of the constant estimates an increase
in start-ups’ trademark portfolios of 71.1% after first rounds (p < 0.001). Contrary to
the case of patents, the trademark dummy does not show a significant impact which in-
dicates that whether having or not at least one trademark prior to first funding is large-
ly irrelevant for subsequent trademarking.

When comparing the values of the constants in M1 and M2, support for hypothesis 3
(p < 0.001) cannot be found. As above mentioned, the relative growth from first rounds
for patents is 80.5%, whereas 71.1% for trademarks. Thus, a higher effect for trade-

marking activity cannot be detected which is also in accordance with the previously

“Notes: Patents refers to patent applications. Since the effect of VC funding is estimated relative to effect of
first rounds, the round 1 dummy is not included in the equation (see explanation in following paragraph).
The number of new trademark applications after round is estimated analogously—only the dependent varia-
ble is replaced accordingly. Region dummies comprise the following dummy variables: “New England”, “S.

»

California”, “New York Tri-State”, “Southwest”, and “Other”. Industry dummies include dummy variables

for: “Computer software and serv.”, “Biotechnology”, “Communications and media”, and “Semiconduc-
tors/other elect.”.
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Table 5. VC funding and additional patent and trademark applications in 12 months model.

Dependent variable: Log (1161;’ ;:;tgzts‘ after Log (new f::;egarks‘ after
M1 M2
Independent variables
Intellectual property characteristics
Patent applications before round 0.012*%%* 0.002*
(0.000) (0.039)
Patent dummy —-0.319** 0.004
(0.007) (0.962)
Trademark applications before round 0.018 0.032**
(0.224) (0.002)
Trademark dummy 0.258 0.084
(0.073) (0.363)
Investment characteristics
Constant 0.805*** 0.711***
(0.000) (0.000)
Round 2 dummy 0.043 0.212**
(0.681) (0.003)
Round 3 dummy 0.051 0.097
(0.690) (0.272)
Number of investors -0.043 0.043%
(0.141) (0.027)
Total amount invested by VC 0.000 0.010**
(0.969) (0.005)
Investor Characteristics
VC age -0.013 -0.013
(0.275) (0.129)
VC experience 0.000 0.000
(0.559) (0.540)
Start-up Characteristics
Start-up age -0.023 -0.024
(0.299) (0.123)
Start-up industry dummies (6 cat.) Yes Yes
Start-up region dummies (6 cat.) Yes Yes
N funding rounds 1062 1062
N start-ups 531 531
F value 2.37 3.68
R-squared 0.082 0.078

Notes: p-values in parentheses. Reference round number: “round 17; reference industry: “Medical/health”; reference
region: “N. California”. Data sources: VC data from VentureXpert, patent data from PATSTAT, trademark data
from USPTO. “New patents and new trademarks refer to new patent and trademark applications. *p < 0.05, **p <
0.01, ***p < 0.001.
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performed t-test.

Furthermore, we expect a decreasing number of new patent applications after fund-
ing with the progress along the venture cycle. The estimated effects for second and
third rounds are not significant on the 95% confidence level. This means, the growth of
the patent portfolio after second and third rounds does not differ from the effect re-
sulting from first rounds. In other words, the relative growth will be 80.5% in all three
cases. Consequently, there exists no decreasing effect of patenting activity along the
venture cycle and hypothesis 4 is rejected.

Finally, M2 is used to test hypothesis 5 which assumes a rise in the number of addi-
tional trademark filings with each subsequent funding round. The relative growth of
the trademark portfolio after first rounds is 71.1% (p < 0.001). The coefficient of the
round 2 dummy suggests that the growth of the portfolio is 21.2% (p < 0.01) higher
compared to first rounds and thus, a cumulative growth by 92.3% (71.1% plus 21.2%)
after second rounds is estimated. This seems to lend tentative support for hypothesis 5.
However, when examining the effect of third rounds, we cannot presume a significant
effect. This means the portfolio grows by 71.1% after third rounds which are not higher
than the effect of second rounds. Although, the results for second rounds are in favor of
hypothesis 5, it eventually has to be rejected due to the non-existent additional effect of
third rounds. These findings have already been predicted by the t-test.

Interestingly, the effect of start-up age is not significant in both models. This may
imply that the influence of VCs on subsequent IP activity is dependent on the stage of
the start-up within the venture cycle-which is approximated by the number of funding
rounds (see also [9])—rather than on the actual age. For M2, the results report a signif-
icant effect of the total amount invested by VCin a start-up (p < 0.01). However, with a
coefficient indicating an additional growth of 1% resulting from one additional million
USD invested this effect seems negligible. The findings for the number of investors are
similar. An additive growth of 4.3% (p < 0.05) caused by one additional investor is ra-
ther small and also only exists in M2. Additionally, a differing impact due to VC age

and experience is not observable in both models.

6. Conclusions

In this paper, the impact of VC funding on start-ups’ subsequent patent and trademark
strategies has been investigated. For this purpose, patent and trademark applications
before and after funding rounds of 531 U.S. start-ups have been compared. The results
show that VC funding plays an important role, meaning that it does indeed cause a
change in start-ups’ IP strategies. The findings add to the literature on start-ups’ IP
portfolios. Specifically, they contribute to a deeper understanding of the interface be-
tween VC funding and IP portfolios [10] [11] [12] [13].

First, this paper contributes to the body of research on the influence of VCs on
start-ups’ patenting activities [10] [12] [13]. The applied event study delivers evidence
for a significant impact of VC funding on subsequent patenting strategy. First, second

and third funding rounds are associated with a growth of start-ups’ patent portfolios.
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Earlier analyses (see e.g. [10]) raised concerns regarding the question whether the effect
on subsequent patenting is caused solely by capital injection. However, this study pro-
vides support for the reasoning that the observable outcome is actually caused by VCs
since the reported results of the regression do not estimate a significant effect for the
amount VCs invest in start-ups. Furthermore, the findings of this study contribute to
the research on the interrelation between VC funding and subsequent patent quality
[13]. The regression based on the number of citations of new patent applications re-
ports a positive effect of VC funding on the quality of subsequently filed patent applica-
tions.

Second, the regressions show that VC financing substantially influences start-ups’
trademarking activities. Already first funding rounds are associated with a significant
increase of the number of trademark applications. Extant literature suggests that VCs
regard marketing as pivotal for the success of start-ups [60] [61] and that they aim at
shifting their focus towards commercialization [11] [19]. The current study adds to this
avenue of research by empirically investigating this interrelation through measuring the
growth of start-ups’ trademark portfolios after VC funding rounds.

Third, this analysis adds to the stream of literature on the varying importance of pa-
tents and trademarks as enterprises proceed along the venture cycle [9] [11]. The re-
gressions provide tentative support for a continuous relative growth of start-ups’ patent
portfolios for first, second and third rounds. This can be interpreted as a continuous
relevance of patents during these early stages of the venture cycle. Contrary, an increase
in percentage growth for trademark portfolios between first and second rounds is found.
Although the originally formulated hypothesis is not completely supported, the find-
ings suggest that VCs promote market orientation as start-ups progress through the
venture cycle and hence, the importance of trademarks increases.

Furthermore, this study has various practical implications for both start-ups and
VCs. The results of the regressions suggest that VCs promote the patenting of technol-
ogical knowledge as well as the application of trademarks in order to shift the focus to-
wards commercialization. Entrepreneurs should well be aware of these connections
when seeking finance from VCs. Those who do not like their financiers to interfere
with their IP strategies may therefore need to consider acquiring capital from other
sources. Moreover, entrepreneurs should take into account the varying role of both pa-
tents and trademarks along the venture cycle in order to optimally leverage their firms’
IP. Whereas patents may be more important at the very early stages of the venture
cycle, trademarks gain more and more relevance with the progress of the same. Finally,
this paper can help VCs when evaluating start-ups’ IP portfolios. Start-ups that already
have acquired venture capital might demonstrate broader IP portfolios. This, however,
does not necessarily mean a broader technology base and consequently an increased
ability to transform knowledge into revenues and profit. Rather, it simply might be that
previous VC funding has led to an increased patenting and trademarking activity re-
sulting in larger portfolios. VCs deciding about whether to invest in start-ups that al-

ready have acquired venture capital previously need to consider these interrelations.
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Besides various noteworthy contributions to extant literature, this study features a
number of limitations. First, the final dataset has been compiled from several sources.
Although the manual matching process has been performed with greatest care, the pos-
sibility of mismatches cannot be ruled out completely. Especially changes of company
names during the time of observation may lead to IP portfolios not being compiled en-
tirely correctly. Another issue related to the underlying dataset is information on the
amount of funding allocated by VCs. VentureXpert only contains information about
the total amount provided by a VC and no information about how this amount is
distributed among rounds. Since funding amounts usually increase with subsequent
rounds [46] this may lead to the influence of the capital injection being biased. Second,
the number of funding rounds may be only a rough proxy for a start-up’s stage within
its venture cycle. Future analyses could include other measures such as development of
prototypes or generation of first revenues in order to better identify start-ups’ devel-
opment stages and consequently, better quantify the influence of VCs on consecutive
patenting and trademarking. Third, this analysis uses a rather generic approach. Future
studies could investigate the influence of VCs for different industries. It has been sug-
gested that patenting behavior differs across industries [16] [25] [30]. Consequently,
there is reason to assume that the influence of VC funding on subsequent patenting
shows variations as well. Furthermore, it would be interesting to see whether, and if, to
what extent the effect of VC funding on IP activity differs among service and manufac-

turing as wells as between business to customer and customer to customer companies.

JEL Classification

L26, M31, O34, G24.
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