
Vol.: (0123456789)
1 3

https://doi.org/10.1007/s11187-022-00645-2

The timing dilemma: understanding the determinants 
of innovative startups’ patent collateralization for loans

Xue Yang · Hao Zhang · Die Hu · Bingde Wu

Accepted: 2 May 2022 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

the range of patent collateralization determinants to 
include dynamic multilevel factors.

Plain English Summary  The timing dilemma in 
innovative startups’ patent collateralization for loans: 
the dynamically changing likelihood of a patent being 
accepted as loan collateral and different roles of infor-
mation cues from third parties in coping with this 
dilemma. This study theorizes a timing dilemma that 
lenders confront when weighting in patents’ valid-
ity legal lifetime and the uncertainty of patent valu-
ation for innovative startups proposing patents as loan 
collaterals. Using a unique panel dataset of Chinese 
startups and their granted patents, multilevel analyses 
supported a dynamic view and showed that the age 
of a valid patent has an inverted U-shaped relation-
ship with the likelihood of this patent being accepted 
as loan collateral. Being invested by venture capital 
or certificated as high-tech enterprise by government 
can accelerate acceptance by lenders. Thus, the prin-
cipal implication of this study is that small innovative 
businesses should actively seek to obtain government 
certification and venture capital investments because 
this will not only improve their legitimacy and help 
them obtain equity financing but may also help them 
obtain more capital from debt investors through using 
patents as loan collaterals.

Keywords  Patent collateralization · Patent pledge · 
Venture capital · Government certification

Abstract  The expanding practice of accepting pat-
ents as collateral for loans has increasingly caught 
academic attention and the value of a patent has been 
verified as an important determinant. In this paper, 
we focus on validity and uncertainty in the context of 
innovative startups’ patent pledge valuation, arguing 
that their interplay poses a timing dilemma to lend-
ers. Our empirical tests utilized a database of Chinese 
innovative startups and their patents for the period 
2008–2015. Using patent age as a proxy for time, our 
findings demonstrate that timing dynamically influ-
ences the collateralization potential of a patent. The 
results also suggest that lenders can use information 
cues from third parties, such as venture capital back-
ing from the market and high-tech certification from 
the government, to cope with this timing dilemma, 
however in different ways. Thus, we advance existing 
literature on startups’ debt financing by expanding 
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1  Introduction

Using patents as loan collaterals creates hope for 
resource-restricted startups to access additional capi-
tal (Fischer & Ringler, 2014; Hochberg et al., 2018; 
Mann, 2018). For firms of all sizes, supplemen-
tary capital is important to increase their financial 
liquidity, further stabilize their business operations, 
and respond to investment opportunities and strat-
egy changes (Fang et  al., 2014; Shleifer & Vishny, 
1992). Debt financing is an important source of such 
additional financing (Berger & Udell, 1998), but it 
is often affected by typical information asymmetry 
friction (Mann, 1997). Hence, offering collaterals 
has become a well-known and widely used mecha-
nism in both corporate finance theory and practice 
(Bosse, 2009; Chan & Kanatas, 1985; Coco, 2000). 
However, because of the lack of tangible assets that 
can be used as collateral, it is often difficult for fast-
growing startups with uncertain future prospects to 
secure debt financing (Cassar, 2004; Denis, 2004). In 
recent years, as the technology market has developed 
(Arora & Gambardella, 2010; de Marco et al., 2017), 
the world has witnessed an increasing phenomenon 
of patent pledging used for accessing debt financing 
(Brassell & King, 2013; Deshpande & Nagendra, 
2017; Loumioti, 2012; OECD, 2015).

When focusing on the determinants of lenders 
accepting patents as collateral for loans, pioneering 
scholars have indicated the value of a qualified pat-
ent as the one having the largest bearing (Amable 
et al., 2010; Caviggioli et al., 2020; Fischer & Ring-
ler, 2014; Hochberg et al., 2018; Mann, 2018; Zhang 
et al., 2021). Most of these scholars offer some vital 
empirical evidences by using forward citations as a 
measurement, which refers to the accumulated num-
ber of citations a patent receives after being issued. 
For instance, in the first quantitative study on collat-
eralized US patents, Fischer and Ringler (2014) found 
that it is the technology underlying a patent, which 
is measured by the number of forward citations, that 
supports patent collateralization. Likewise, Mann 
(2018) and Caviggioli et al. (2020) found supporting 
evidence for the notion that patents being pledged as 
collaterals score highly on observable forward cita-
tion counts and generality, which reflect the wide 

range of technologies building on the patent. In addi-
tion, using a database for three innovation-intensive 
sectors (i.e., software, semiconductor devices, and 
medical devices), Hochberg et al. (2018) showed that 
the likelihood of being able to use patents to secure a 
loan increases when the technology market for patent 
trading becomes more liquid, and particularly when 
startups’ patent assets are less firm-specific (com-
puted based on the forward citations that a patent 
receives within a 3-year time window).

However, one important issue that has been 
ignored by research relates to the fact that the patent 
right is assigned a legal protection period, and the 
value of a patent varies within this limited timeframe. 
When a patent is newly disclosed, its value, which 
depends on the endogenous outcomes of technology 
and the evolution of the product market (Scherer & 
Harhoff, 2000), is subject to a high degree of uncer-
tainty (Gans et  al., 2008). Hence, lenders must rely 
on a wait-and-see strategy until the relevant indica-
tor (i.e., forward citations) (Fischer & Leidinger, 
2014; Harhoff et al., 2003) is updated as time passes. 
However, as intellectual property rights, patents offer 
their owners the option to exclude others from mak-
ing, using, or selling the related inventions (Landers, 
2006). In most countries, this exclusive right is legally 
protected for up to 20 years from the date on which 
the application for a patent was filed and is subject 
to the payment of maintenance fees. In practice, due 
to the accelerated evolution of underlying technol-
ogy, the majority of patents may become obsolete in 
just a few years after being issued (Kim, 2016). As a 
patent is approaching its legal life term, its value will 
soon disappear. Thus, the remaining validity time is 
also vital for lenders in assessing the value of a pat-
ent as loan collateral. They must have enough time to 
liquidate their pledged patents in cases of borrowers’ 
defaults.

Consequently, in the context of startups’ patent 
collateralization, we theorize and demonstrate the 
existence of a timing dilemma that lenders confront 
when weighing in the validity of patents’ legal life-
time and the uncertainty of patent valuation in order 
to decide whether to grant a loan or not. When con-
sidering the former, they demand that the collat- 
eral patent be newly filed because it has a relatively 
longer legal lifetime and can be liquidated at an 
appropriate value in case of defaults; when factoring  
in the latter, lenders need to wait for some time until 
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information about the patent value is updated so as 
to identify whether the collateral patent is valuable 
or not. Hence, using patent age as a proxy for time, 
we argue that it has an inverted U-shaped relation-
ship with the approval likelihood of a patent pledge. 
More specifically, we propose that as a patent’s age 
increases, the likelihood also increases because more  
relevant information on its value becomes avail- 
able, and the uncertainty of patent valuation gradu- 
ally decreases. However, as the remaining legal time 
of a patent lapses, its probability of being accepted 
as loan collateral subsequently declines because the 
expected potential benefit for the lender decreases. 
Moreover, we argue that lenders can use endorse- 
ments from external third parties, i.e., venture capi- 
tal (VC) backing and government certification, to 
address the uncertainty of patent valuation and cope 
with this timing dilemma. We further argue that 
lenders might place more emphasis on the informa- 
tion cues provided by the market than by the govern- 
ment. Using an unbalanced panel dataset of 7194  
patents granted to Chinese domestic startups from 
2008 to 2015 and patent owners’ VC backing or gov-
ernment certification, we found support for all of our 
hypotheses.

This study makes several contributions to the 
research on innovative startups’ debt financing. First, 
it adds to the currently few studies on patent pledg-
ing by focusing on the determinants of accepting pat-
ents as loan collaterals from a dynamic perspective 
of time. There is an emerging literature on innovative 
firms’ debt financing based on patent pledges, which 
presents the roles of patent value in influencing the 
likelihood of a patent being used as collateral (Cavig-
gioli et al., 2020; Fischer & Ringler, 2014; Hochberg 
et  al., 2018; Mann, 2018; Zhang et  al., 2021). We 
acknowledge existing conclusions and complement 
them by arguing that the value of a patent varies 
across time. In the context of startups’ patent collater-
alization, we demonstrate a timing dilemma that lend-
ers confront and suspect that due to the interplay of 
validity and uncertainty in patent valuation, the likeli-
hood of a patent being accepted as collateral for loans 
is dynamically and nonlinearly related to its age. We 
also present that the endorsements from third parties 
can offset the uncertainty and further accelerate start-
ups’ patent pledges.

Second, this study contributes to the literature on 
the information role of third parties in startups’ debt 
financing by simultaneously introducing VC backing 
and government certification as external observable 
and credible information cues in the context of inno-
vative startups’ patent-backed loans and investigat-
ing their different roles in helping lenders cope with 
the timing dilemma. Previous research has confirmed 
that, in case of uncertainty, the choices made by 
third parties vis-à-vis firms can influence stakehold-
ers’ decisions (Kleinert et  al., 2020; Rindova et  al., 
2005); VC backing, or government certification can 
thus serve as endorsements and help firms establish 
legitimacy or obtain external financing (Kleer, 2010; 
Li et al., 2019; Marti & Quas, 2018; Wu, 2017; Wu 
et  al., 2021). However, the different roles of these 
indicators are rarely compared in the same context. 
By using VC backing and government certification 
as information cues from the market and the govern-
ment, respectively, our study highlights that, lenders 
rely more on the endorsement from the market than 
that from the government to offset the uncertainty of 
patent valuation.

Third, while some prior studies took US patents as 
their collateral sample (Caviggioli et  al., 2020; Fis-
cher & Ringler, 2014; Hochberg et al., 2018; Mann, 
2018; Zhang et  al., 2021), only Yang et  al. (2021) 
focused on how Chinese startups obtain loan financ-
ing this way and found some internal determinants 
by studying these startups. As the largest developing 
economy with the most patent applications (Hu et al., 
2017), China has experienced one of the world’s 
highest entrepreneurship rates during the last two 
decades (Ge et al., 2017; He et al., 2019). There are a 
rapidly increasing number of innovative startups that 
demand debt financing by taking advantage of their 
intangible assets (i.e., patents). However, the quality 
of Chinese patents shows a highly skewed distribu-
tion with relatively lower value (Fisch et  al., 2017). 
Taken together, these challenges engender the impor-
tant work of utilizing information cues to help lend-
ers address the uncertainties of startups’ patent valu-
ation for collateralization. Our quantitative study on 
Chinese collateralized patents attempts to extend the 
research setting beyond the USA and focuses on mul-
tilevel determinants, thus providing novel evidence 
for future theorizing.
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2 � Theoretical background and hypothesis 
development

2.1 � Debt financing and the use of patents as 
collateral for loans

An important source for any firm to raise financing 
is debt, which innovative startups also rely on (Bates, 
1997; Cassar, 2004). In this financing relationship, 
lenders make loan decisions based on strict criteria 
to predict the probability of repayment by borrowers 
(de Bettignies, 2008), and thus cede them an amount 
of money for a certain period of time. In turn, lend-
ers earn a profit by applying an interest rate. How-
ever, debt financing is often paralyzed by information 
asymmetry friction with lenders at an information dis-
advantage relative to borrowers (David et al., 2008), 
particularly when firms have limited cash flows and 
fewer historical records (Berger & Udell, 1995; Hane-
dar et al., 2014). It is difficult for lenders to accurately 
access borrowers’ quality levels and their willing-
ness to repay the loans. To mitigate this informational 
friction, a typical solution is to offer tangible assets 
as collateral, such as plants or machines (Inderst & 
Mueller, 2007; Rajan & Winton, 1995; Williamson, 
1988). The term “collateral” refers to a lender’s right 
to seize the asset used as security if the borrower does 
not voluntarily repay a loan in the event of a default 
(Chan & Kanatas, 1985), like not paying the interest 
or violating some covenant, they can thus sell collat-
eral assets to compensate losses. Hence, on a credit 
market, using collateral that facilitates easy valuation 
and liquidation is a key variable incentivizing lenders 
to lend (Coco, 2000; Shleifer & Vishny, 1992).

As an important arrangement to alleviate startups’ 
financial constraints, a patent pledge is the use of a 
patent as collateral to secure debt and this practice 
has been gaining traction (OECD, 2015). In the USA, 
approximately 16% of patents granted to American 
companies have been pledged as collateral for loans at 
some point prior to their expiration date (Mann, 2018). 
According to the statistics from the China National 
Intellectual Property Administration (CNIPA), a total 
of RMB 155.8 billion (US$ 22.6 billion1) were loaned 
against 48,045 patents in 2020. However, the literature 

on collateralized patents remains limited. Taking the 
USA as a research setting, some scholars focused on 
the firm-level analysis and found that patenting com-
panies raise more debt when creditors’ rights over 
patents strengthen (Mann, 2018), and that startups 
with more redeployable (i.e., less firm-specific) pat-
ents have greater chances to access debt financing 
when the secondary market for patent trading becomes 
more liquid (Hochberg et  al., 2018). Other scholars 
focused on the patent-level analysis and found that 
patents with a larger number as well as a wider range 
of forward citations are more likely to be used as col-
lateral (Fischer & Ringler, 2014; Mann, 2018), while 
patents linked to moderately new external inventions 
(as measured by backward citations) are more likely to 
be pledged within the semiconductor industry (Zhang 
et  al., 2021). Additionally, Caviggioli et  al. (2020) 
documented that lenders’ greater experience or spe-
cialization positively correlated with the likelihood of 
patent collateralization. In the first study on Chinese 
pledged patents, Yang et  al. (2021) focused on the 
firm-level analysis and identified an inverted U-shaped 
relationship between the startups’ age and their patent-
backed debt financing, this relationship being further 
optimized by startups’ innovation capabilities and 
pledging experience.

As a typical type of intangible asset, patents can 
be legally sold on the technology market and are 
this way eligible to be used as collateral for loans 
(Amable et al., 2010; Harhoff, 2011; Nguyen, 2007). 
In practice, patent-pledged loans are similar to their 
traditional tangible asset-secured counterparts, when 
a certain patent is pledged, the borrower (i.e., the 
original patent owner) continues to hold the legal 
ownership of this patent, unless this loan defaults 
(Caviggioli et al., 2020). The lender releases a secu-
rity and returns the rights on the collateral to the 
original owner when their arrangement terminates 
(Marco et al., 2015). In other words, pledging a patent 
does not affect the borrower’s right to use it, unless 
the loan defaults. However, although it is the lender 
who makes the final decision on whether to accept the 
patent(s) offered by the borrower as loan collateral, 
they face a relative information disadvantage com-
pared to the borrower and the risk of not being able 
to liquidate the pledged patent (Zhang et  al., 2021). 
Therefore, we continue the line of research based on 
patent-level analysis and consider the lender’s per-
spective in this process.

1  According to the average exchange rate of RMB against the 
US dollar in 2020 released by the National Bureau of Statistics 
of China.
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2.2 � Validity vs. uncertainty in patent pledging by 
innovative startups

When innovative startups propose to pledge their pat-
ents, the key challenge for lenders in exerting their 
due diligence for loan decision-making is evaluat-
ing and selecting valuable patents that are easier to 
liquidate in case of a default. Here, the patent value 
means a patent’s economic “private” value (Rosen-
berg, 1982), which relates to the revenue generated 
by a patent over its legal lifetime (Bessen, 2008; Har-
hoff et al., 2003). Therefore, one practical difficulty in 
estimating the value of a patent refers to timeliness, 
that is, the need to use reliable indicators to reflect the 
value of a patent early enough (OECD, 2009). Thus, 
lenders have to simultaneously take into account the 
validity and uncertainty involved in patent valuation.

Since the legal lifetime of a patent is limited, the 
acceptance of newly disclosed patents as debt collat-
eral means that lenders should have sufficient time to 
find potential buyers in the case of a startup’s default. 
On the one hand, patents are “wasting assets” whose 
value is bound to their legal life span. Some patents 
may be abandoned over just a few years after being 
issued due to increasing maintenance fees that exceed 
their economic value (Hall & Harhoff, 2012). Once 
a patent approaches its expiration date, the inherent 
technical information will soon be freely used, and no 
company or entity is willing to pay for this outcome. 
On the other hand, when a patent is in effect, due to 
the inevitable disclosure of the underlying technical 
information (Chien, 2016), which will attract com-
petitors and facilitates imitation (Clarkson & Toh, 
2010; James & Shaver, 2016), the economic value of 
a certain patent starts to decrease rapidly somewhere 
in the middle of its legal life. Even in some indus-
tries where patent protection is particularly effective 
and plays an important role in preventing imitation 
(Sternitzke, 2010), patents may lose their economic 
value quickly due to significant spillover effects of 
R&D activities (Chen & Chang, 2010; Deshpande 
& Nagendra, 2017). Therefore, a longer period of 
remaining validity is vital for lenders in case of start-
ups’ default because they can dispose of the collateral 
at a reasonable price while these patents are still of 
relatively high economic value.

Nevertheless, as relevant information needs time 
to be updated, the uncertainty of patent valuation 
makes it difficult for lenders to identify valuable 

patents when they are newly disclosed. First, patents 
vary widely in value, and the uncertain future of the 
underlying technologies makes it harder for both the 
innovators themselves and external potential buy-
ers to evaluate them properly in advance (Munari & 
Oriani, 2011). Even the most frequently used indica-
tor (i.e., forward citations) takes time to accumulate 
(Gambardella et al., 2008; Harhoff et al., 1999). Sec-
ond, the challenge to accepting new patents as collat-
eral for loans lies in their market uncertainty because 
future buying is usually very difficult to predict (Fis-
cher & Ringler, 2014). Some firms file for patents 
even if they do not have the resources to bring their 
products to the market, and they may tend to be over-
optimistic about these patents’ market value (Giuri & 
Mariani, 2007). Lenders thus face uncertainty regard-
ing market opportunities prior to the patent being 
commercialized. Although potential competitors or 
non-practicing entities may be interested in buying 
them (de Rassenfosse & Fischer, 2016), only a few 
new patents can be subsequently liquidated on the 
technology market (Hagiu & Yoffie, 2013). There-
fore, when a patent is too new, the multiple sources 
of uncertainty surrounding it may exacerbate the dif-
ficulties in its valuation and thus hinder its usage as 
debt collateral.

2.3 � Changes in patent validity and uncertainty over 
time

As noted above, when valuating patents proposed by 
startups as debt collateral, lenders should give consid-
eration to both their validity and uncertainty. In fac-
toring in the former, the demand is for patents to be 
newly filed while, with the latter, there is a need to 
wait for some time and lenders thus find themselves 
in a dilemma. This is solved only when the valid-
ity outweighs uncertainty and the patent can thus be 
accepted as debt collateral. We therefore suggest that 
the likelihood of a patent being accepted as loan col-
lateral dynamically changes over time.

In the earliest stage after a patent application, its 
probability of being pledged is relatively low due to 
its high level of uncertainty. First, some observable 
and reliable value indicators (e.g., forward citations) 
might not be obtained due to the patent’s recentness 
in the patent system (Mowery & Ziedonis, 2002). 
Second, considering the probability inherent to a 
patent system, certain unknown prior work or other 
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facts might have been ignored by inventors or pat-
ent examiners. With the publication of patents, it 
is unclear if competitors would doubt the worth of 
investing to extract value from the disclosed technolo-
gies, whether the information revealed would, on the 
contrary, inspire rivals to imitate or invent around the 
patent and whether the patent would infringe on oth-
ers (Henkel, 2009; Johnson & Popp, 2003; Lemley & 
Shapiro, 2005). Third, given the rapid technological 
obsolescence and intense competition, when substitu-
tive technologies will emerge and to what extent they 
will replace the startup’s technologies is ambiguous 
(Wagner, 2011), and the availability of complemen-
tary assets for internally commercializing the inven-
tion is also occasionally uncertain (Dahlander & 
Gann, 2010).

Considering that a patent’s uncertainty gradually 
reduces as time elapses, the probability of a patent 
being accepted as loan collateral thus increases. Spe-
cifically, in observing competitors’ follow-up patent 
applications, innovative startups can trace their rivals’ 
capabilities for imitation or workarounds. Addition-
ally, by analyzing the market’s evolution and inves-
tigating the frequency of new products released by 
rivals, innovative startups may be able to foresee mar-
ket changes and predict the potential of their patented 
inventions and the right timing for commercialization. 
Consequently, they may decide on maintaining their 
valuable patents by paying relevant fees and retain-
ing validity (Giummo, 2014; Tsang et al., 2015). This 
obtainable information can further be used by lend-
ers as a signal that illustrates patents’ value (Lanjouw 
et  al., 1998). Thus, one can predict that as relevant 
information keeps being updated, the likelihood of a 
patent being accepted as collateral for loans by lend-
ers may increase.

However, after a certain threshold is reached, this 
probability might actually decrease due to the short-
ening of its remaining period of validity. Generally, 
to achieve the full extent of patent protection, patent 
owners must pay maintenance fees several times dur-
ing a patent’s legal life. The amount required each 
time is greater than that paid in the previous stage. 
Since the rapid technological development and result-
ing patent obsolescence may quickly render some pat-
ented inventions valueless, in practice, only when the 
value of a patent exceeds the costs of its maintenance 
will this patent be renewed by owners (Deng, 2011). 
Thus, as more information becomes available in the 

market, innovative startups can make deliberate stra-
tegic decisions on renewal (Liu, 2014) and abandon 
some patents (Clarkson & Toh, 2010). Even when all 
maintenance fees are paid, a patent will still expire 
after a certain period of time. As validity time lapses, 
it will be increasingly difficult to seek economic 
returns from these patents in the event of startup loan 
defaults. As a result, it is almost impossible for lend-
ers to accept an aged patent as debt collateral.

By combining these various arguments, we may 
observe that the acceptance likelihood will increase 
in the early postgranting2 time but decrease later on. 
Consequently, we introduce the patent age in our 
analysis as a proxy expressing the amount of time 
that has passed between a patent application and its 
expiration. Our first hypothesis is thus formulated as 
follows:

Hypothesis 1: The patent’s age has an inverted 
U-shaped relationship with its likelihood of being 
accepted as loan collateral.

2.4 � The role of endorsements from third parties in 
patent pledging by innovative startups

In this section, we focus on the role of endorsements  
from external third parties, namely, VC backing and 
government certification, as information cues in  
innovative startups’ patent collateralization with all 
other variables remaining unchanged. Here, we only 
analyze their effect on reducing uncertainty in the 
valuations process since the remaining life of a pat-
ent is not influenced (at least not directly) by external 
information cues referring to its owner. As already 
outlined, lenders prefer to accept patents with a 
longer remaining period of validity as collateral for 
loans, but they have to sacrifice a certain period of 
time to wait for related information to be updated 
due to the higher uncertainty of these patents. Hence, 
we posit that, if the uncertainty of a startup’s patent 
can be effectively reduced, its probability of being 
accepted as collateral should further increase. In 
extending this issue on organizational ability pre-
dictions and external financing, some studies have  

2  In most countries, including China, only granted patents can 
be used as loan collateral.
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suggested the important role of observable informa-
tion from third parties (Cumming, 2007; Gulati & 
Higgins, 2003; Hoenig & Henkel, 2015; Kleer, 2010; 
Rindova et  al., 2005; Wu, 2017; Wu et  al., 2021). 
These studies have shown that through linkages with 
VC firms or investment banks or through obtaining 
funds or certifications from the government, startups 
can establish firm legitimacy and receive additional 
capital. In practice, our interviews3 with relevant 
staff in Chinese banks revealed that, when startups 
seek patent-backed loans, banks are more likely to 
choose those with VC backing or government’s high- 
tech enterprise certification.

By specializing in financing startups with high 
growth potential (Gompers & Lerner, 2004; Hoenig 
& Henkel, 2015), VC backing provides a positive 
signal about a patent owner’s technical quality and 
repayment capabilities. When making funding deci-
sions, VC firms (VCs) spend a considerable amount 
of time evaluating startups’ probabilities of success 
(Hoenen et al., 2014; Hoenig & Henkel, 2015). The 
factors considered include the capital intensity of 
the business model, the competition encountered, 
the market in which it operates, and the novelty and 
quality of its technologies (de Rassenfosse & Fischer, 
2016; Vo, 2019). These decision criteria effectively 
represent a startup’s chances of survival (Shepherd, 
1999) and positively impact its initial public offering 
(IPO) success (Gulati & Higgins, 2003; Megginson 
& Weiss, 1991). Moreover, VCs typically back firms 
in several rounds of venturing financing, which pro-
vide money that can be used by startups to repay a 
loan (de Rassenfosse & Fischer, 2016). Hence, as 
in venture debt financing, a critical factor that lend-
ers rely on relates to whether the firm has received 
backing from VCs (Mann, 1999). In the context of 
innovative startups’ patent collateralization, VC 
backing is beneficial to lenders in two ways: first, it 
adds value to a young firm (Jain & Kini, 2000) and 
brings in managerial input that enhances its chances 

of success (Hellmann & Puri, 2002), which conse-
quently increases the repayment capacity. Second, it 
acts as a certification agent (Stuart et al., 1999) and 
reduces the information asymmetry between borrow-
ers and lenders by signaling the quality of startups’ 
patented invention (de Rassenfosse & Fischer, 2016), 
which further reduces the risk of default. This legiti-
mate third-party information can thus be used as a 
cue by lenders to reduce uncertainty. Therefore, we 
hypothesize the following:

Hypothesis 2: The VC backing of a patent owner 
can further increase the likelihood of a patent 
being accepted as loan collateral and speed up pat-
ent collateralization.

Apart from VC backing, certification from the gov-
ernment is also an important consideration in Chi-
nese lenders’ practice. Focusing on the role of gov-
ernment support in debt financing, previous studies 
have suggested that capital from the government can 
be regarded as an effective signal to external inves-
tors (Islam et al., 2018; Lerner, 1999; Li et al., 2019; 
Meuleman & De Maeseneire, 2012). The empirical 
evidence for Europe (Guerini & Quas, 2016; Marti 
& Quas, 2018; Meuleman & De Maeseneire, 2012), 
the USA (Islam et al., 2018), and China (Chen et al., 
2018; Li et  al., 2019; Wu, 2017) demonstrates the 
government’s role in increasing the likelihood of sup-
ported companies accessing external financing. This 
is particularly the case when firms are startups that 
prefer not to disclose a large amount of related infor-
mation publicly for the purpose of self-protection 
(Hsu & Ziedonis, 2013) due to the positive externali-
ties of innovation activities (Wu, 2017). Support from 
the government is based on the government’s care-
ful ex-ante screening process and is publicly observ-
able (Cumming, 2007; Meuleman & De Maeseneire, 
2012; Takalo & Tanayama, 2010). When focusing on 
the certifying abilities of the government (Guerini 
& Quas, 2016; Li et al., 2019; Marti & Quas, 2018), 
we used the high-tech enterprise certification issued 
by the Chinese central government and suggested 
that government certification can act as another 
credible information cue for lenders to offset patent 
uncertainty.

In China, to support and encourage the develop-
ment of innovative firms, the government launched 
a widely publicized form of high-tech enterprise 

3  The interviews were conducted on November 27, 2019. The 
interviewees were participants in the 3rd Tianfu Intellectual 
Property Summit, which was sponsored by the Sichuan Intel-
lectual Property Service Promotion Center. They were employ-
ees of Chinese banks, such as China Minsheng Bank, the Agri-
cultural Bank of China, and the Industrial and Commercial 
Bank of China.
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certification program in 2008.4 The criteria used to 
select candidates include R&D investments, IP own-
ership, the proportion of new product or service rev-
enue, and operating behaviors without environmental 
violations. All certified enterprises can enjoy prefer-
ential tax policies over a period of 3 years. With these 
tax incentives, certified firms can hold more money 
and are thus highly likely to repay their loans. Fur-
thermore, under the supervision and administration of 
the Chinese government, this legitimate and credible 
information cue can be used by potential lenders to 
predict borrowers’ levels of technological innovation 
competence and repayment capabilities, particularly 
when firms have fewer historical trust records and 
disclose minimal information to the public. Taken 
together, in sorting innovative firms and supporting 
them, government certification is also vital to lenders 
by offsetting their incomplete information in innova-
tive startups’ patent collateralization. Hence, we pro-
pose the following:

Hypothesis 3: The government certification of a 
patent owner can further increase the likelihood 
of a patent being accepted as loan collateral and 
speed up patent collateralization.

After analyzing the roles of the above informa-
tion cues from third parties, we further argue that 
lenders might place more emphasis on those pro-
vided by the market (i.e., VC backing) than on 
those provided by the government (i.e., high-tech 
enterprise certification). The basic logic behind 
this would be that, in addition to providing finan-
cial resources, VCs provide firms with many value-
adding services such as advice and monitoring 
following their initial investment (Gorman & Sahl-
man, 1989; Sahlman, 1990; Sørensen, 2007). These 
activities, which involve recruiting senior managers 
or developing corporate strategies in which VC is 
expected to engage in the future, can beneficially 
affect the firm’s efficiency and performance over 
the long term as well (Bygrave & Timmons, 1992; 
Chemmanur et al., 2011; Fernhaber & McDougall-
Covin, 2009; Hellmann, 1998). The positive effect 

of VC backing on innovation, productivity, and top 
management team quality in target firms has been 
confirmed by prior research (Chemmanur et  al., 
2021; Croce et al., 2013; Kortum & Lerner, 2000). 
Thus, for innovative startups, the affiliation with 
VCs signals quality (Kleinert et  al., 2020; Stuart 
et al., 1999). Compared to VCs, the government is 
not familiar with the specific conditions in different 
industries and will not provide follow-up profes-
sional guidance. The reassessment for maintain the 
certification after 3 years of validity may also lead 
to more uncertainty regarding this information cue. 
Therefore, when a startup with development poten-
tial is invested in by a VC, its possibility of ceding 
pledged patents will be reduced accordingly. As a 
result, the two types of information cues play differ-
ent roles in reducing the uncertainty of patent valu-
ation. Based on the above arguments, we formulate 
the following hypothesis:

Hypothesis 4: Compared to government certifi-
cation, the VC backing of a patent owner is more 
likely to increase the probability of its patents 
being accepted as loan collateral and to speed up 
patent collateralization.

3 � Data and methodology

3.1 � Data and sample selection

3.1.1 � Data sources

We formed a dataset based on the Chinese granted 
patent data by combining information from various 
data sources: patent applications and assignments 
in China were obtained from the CNIPA’s Patent 
Search and Analysis website; firms’ high-tech cer-
tification data were obtained from the Torch Center 
of the Chinese Ministry of Science and Technology, 
which is a government agency that annually identi-
fies innovation companies (high-tech enterprises, to 
be specific); data on VC investments were obtained 
from Zero2IPO Research, which is a company spe-
cializing in gathering entrepreneurship and invest-
ment data for China; and the information about the 
time of firms’ IPO was obtained from the China 
Stock Market and Accounting Research (CSMAR) 
database. According to the latest administration  

4  Specifically, high-tech enterprise certification is annually 
implemented by the Chinese Ministry of Science and Technol-
ogy.
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requirements,5 the CNIPA publishes all patent col-
lateralization contracts formed in China with bor-
rower and lender names, patent numbers, pledging 
dates, and release dates when loans are expected to 
be paid off. We thus retrieved all granted invention 
patents6 included in this system and assembled a 
dataset of general information on each patent such as 
patent number, application and grant dates, inventor 
and applicant name(s), addresses of applicant(s), pat-
ent classification code(s), the number of claims, the 
number of application pages, backward and forward 
citations, and other legal statuses, such as licensing, 
invalidation, expiration due or out of maintenance, 
pledge contracting date(s), and borrower (i.e., patent 
owner) and lenders’ names for each patent used as 
debt collateral.

3.1.2 � Pledge data

The patent applications made between 1985 and 2015 
and ultimately granted by the CNIPA to firms before 
the end of 2015 were used to measure the related var-
iables in our dataset. Among the 1,433,908 granted 
patents released officially by the CNIPA from 1985 to 

2015, 1,013,797 patents were primarily filed by firms. 
During sample screening, we eliminated 451 outli-
ers7 and thus obtained a dataset8 of 1,013,346 units of 
observation, among which 4947 patents were pledged 
by the end of 2015. A comparison of the patents filed 
by foreign, Hong Kong/Macao/Taiwan, and domes-
tic entities showed that 97.7% of the pledged patents 
were from domestic entities.

Thus, we further observed the patents granted 
to domestic firms. Figure  1 shows the general dis-
tribution of the patents granted and patents pledged 
yearly from 1985 to 2015. As we can see, the earliest 
pledging event in China occurred in 2002, and since 
then, an increasing trend had been observed. In the 
first 3 years, only 32 patents were used as debt col-
lateral by Chinese domestic firms while this number 
skyrocketed to 1326 in 2015. However, compared to 
the rapid increase in patents granted by the CNIPA, 

Fig. 1   The general 
distribution of domestic 
firms’ granted patents and 
pledged patents in China, 
1985–2015
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Fig. 2   The average pledge lag over time

5  In 1996, the CNIPA issued its first experimental adminis-
tration regulation: “The Temporary Rules for Recording Con-
tracts of Patent Collateralization in China.” On November 15, 
2021, the latest formal administration regulation “The Rules 
for Recording Contracts of Patent Collateralization in China” 
was issued by the CNIPA.
6  In China, there are three types of patents: invention, utility 
model, and design. Due to the technological importance of 
inventions, according to the administration regulations, only 
the invention patent can be pledged as collateral. Therefore, we 
only focus on invention patents in this paper. Unless specified 
otherwise, all patents considered in this study are inventions.

7  Some patents were licensed or traded after becoming invalid.
8  The control variables were calculated based on this dataset.
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the ratio of patents pledged to all patents granted 
remained at less than 1% in most years with the high-
est rate observed in 2014 (2.01%).

Figure  2 plots the distribution of a patent’s age 
when this was pledged as debt collateral for the first 
time, that is, the difference between the patent’s 
pledge year and the application year. Interestingly, 
most patents were pledged as collateral 3 to 5 years 
after their application (57.88% experience a 3–5-year 
lag), 97.93% of patents were pledged within a 10-year 
lag, and the average pledge lag was 4.7 years.

With respect to the types of lenders involved, 
banks made up a majority of 65.57% from the total. 
Other types included individuals (1.01%), companies 
(31.73%), and government institutions (1.69%).

In accordance with the Organization for Eco-
nomic Cooperation and Development (OECD), we 
categorized the 4834 patents pledged by domestic 
firms into 30 technological fields by their main clas-
sification code in the International Patent Classifica-
tion (IPC) system of the World Intellectual Property 

Organization (WIPO). Figure  3 shows that the ratio 
of pledged patents varied distinctly among different 
sectors (with a maximum of 8.38% and a minimum 
of 0.02%). Sectors such as the Polymer Chemistry, 
Communication, Control and Instrumentation Tech-
nology, Pharmaceuticals and Cosmetics, and Electri-
cal Devices and Engineering were the top 5 on the 
list.

3.1.3 � Sample selection

A group of patents granted from 2008 to 2015 to 
startups in mainland China was selected as our 
research sample. As noted above, a security agree-
ment needed to specify a patent or a subset of pat-
ents from the owner’s patent portfolio, and we thus 
decided to take the patent as our primary analysis 
unit. Furthermore, acting as information cues in our 
hypotheses, both VC backing and government certifi-
cation applied to firms only. In particular, government 
certification of high-tech enterprises applied only to 

Fig. 3   Technology sector’s 
pledge-year trends
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firms registered in mainland China. Therefore, we 
further chose to use those patents primarily filed by 
domestic firms. Meanwhile, to ensure that the firms 
in our sample were innovative startups, we followed 
previous research (Islam et al., 2018) and eliminated 
all the firms that were older than 10 years in 2015 or 
had applied for less than one patent a year on aver-
age during that time. In principle, any patents during 
their legal lifetime can be pledged. Practically, since 
the earliest implementation date of high-tech enter-
prise certification in China was 2008, we eliminated 
the patents granted to domestic startups before 2008 
from our dataset. Of the 258,785 observation units, 
3598 patents had been pledged by the end of 2015, 
accounting for 74.43% of all pledged patents (i.e., 
4834 patents pledged by domestic firms).

Based on these pledged patents, we selected a 
control sample of non-pledged patents as a matched 
group by applying propensity score matching (PSM) 
(Heckman et  al., 1998), which involved using the 
propensity scores obtained from the first-stage model 
explaining patent pledge to identify pairs of pat-
ents. We first specified a logistic regression on our 
full sample, where the dependent variable, whether 
pledge,9 was regressed on predictor variables. The 
covariates are the control variables in our baseline 
model, which do not change over time. Meanwhile, 
we also added the variables including patent’s legal 
lifetime,10 apply year, technology sector, and region 
to control for both time and technology differences 
(Fischer & Ringler, 2014) in our empirical design. 
Table 1 shows the results of the first-stage model.

Based upon the first-stage model, we then identified 
6998 propensity-matched pairs using a caliper-match-
ing approach (caliper =  ± 0.10) with no replacement 
(Quigley et al., 2019), half of which had been accepted 
as collateral for loans. Table  2 provides a compari-
son of the pledged patents and their matched control 
group, including the means and standard deviations. 
The t-test results of the group comparison show non-
significant differences between most covariates.11

Regarding the empirical analysis, our cross-section 
sample allowed us to focus on the timing of patent 
acceptance as loan collateral relative to changes in 
information cues. We thus identified all information 
related to VC backing and high-tech enterprise certi-
fication for each patent based on the firm to which it 

Table 1   Propensity score matching first-stage regression

N = 258,516; standard errors are in parentheses
*** p < 0.01, **p < 0.05, *p < 0.1

Variable Whether pledge

No. of inventors  − 0.217***
(0.036)

No. of applicants  − 3.771***
(0.268)

No. of pages  − 0.043
(0.052)

No. of claims 0.003
(0.034)

No. of fields 0.274***
(0.085)

No. of backward citations  − 0.047
(0.030)

PCT  − 0.954***
(0.358)

Legal lifetime 8.799***
(0.738)

Apply year dummies Included
Technology sector dummies Included
Region dummies Included
Constant  − 21.179***

(1.781)

Table 2   t-Tests on group differences

Pledged 
patents

Matched con-
trol group

t-Test

Mean S. D Mean S. D p value

1. No. of inventors 1.268 0.466 1.262 0.491 0.583
2. No. of applicants 0.702 0.069 0.703 0.065 0.723
3. No. of pages 2.271 0.394 2.272 0.405 0.921
4. No. of claims 1.757 0.591 1.757 0.579 0.980
5. No. of fields 0.817 0.209 0.820 0.210 0.644
6. No. of backward 

citations
1.154 0.639 1.178 0.601 0.098

7. PCT 0.002 0.048 0.001 0.038 0.405
8. Legal lifetime 1.820 0.322 1.825 0.322 0.508
N 3499 3499

9  This dependent variable is coded as 1 if a patent had been 
pledged by the end of 2015, and 0 if not.
10  This variable is calculated by the length of time from the 
application year to invalid year or 2015.
11  In Table  2, only No. of backward citations is significant 
(p < 0.1). However, compared with its result of the t-test on 
group differences based on the full sample (p = 0.000), the sig-
nificance has been greatly reduced.
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had been assigned each year until 2015, the final year 
of our sample period. Hence, our final dataset con-
sisted of 23,190 patent-year observations in an unbal-
anced panel with all years running between a patent’s 
grant year12 and its end year. The three ways in which 
a patent’s observation period could “end” considered 
in this study were as follows: (1) the patent reached 
the end of 2015, (2) the patent was out of mainte-
nance or had been declared invalid, and (3) the patent 
had been pledged as collateral for loans.

3.2 � Variables and measures

3.2.1 � Dependent variable

The dependent variable, the pledge, is a dummy vari-
able indicating whether a patent was pledged in a 
given year. This flag variable is set to 0 for all periods 
in which a patent had not been pledged at all. When 
a patent had been pledged multiple times, we only 
focused on the earliest transaction because the infor-
mation disclosure of follow-up transactions is differ-
ent from the way it is defined in this study. Therefore, 
for each pledged patent i, we defined pledgeit as equal 
to 0 until the year in which the first pledge occurred, 
at which point pledgeit is equal to 1.

3.2.2 � Independent variable

At the patent level, we used patent age (number of years 
since being filed) to measure time changes (Gans et al., 
2008; Serrano, 2010). To demonstrate the inverted 
U-shaped relationship between patent age and the like-
lihood of a patent pledge being accepted, we further 
combined the variables for the age and the square of 
age terms. Meanwhile, we introduced two variables at 
the firm level: VC backing and High-tech certification. 
These independent variables are set to 1 for observa-
tions after a firm had obtained VC investment or had 
been certified as a high-tech enterprise in the previous 
3 years, and they are 0 otherwise. For firms in which 
VCs had invested multiple times, we only used the ear-
liest year (i.e., initial-round investments) because the 

decision-making mechanism of subsequent VC invest-
ment may have been different from the first.

3.2.3 � Control variable

A series of control variables at the patent, firm, indus-
try, and region levels are included to rule out factors 
that may influence the likelihood of a patent being 
accepted as loan collateral.

At the patent level, we controlled for patent charac-
teristics that might make it valuable, including core, 
the number of inventors, the number of applicants, the 
number of pages, the number of claims, the number of 
fields, the number of backward and forward citations, 
and whether they were filed through the Patent Coop-
eration Treaty (PCT). Considering that a firm dedicates 
unequal efforts to its technology domains and treats 
some of them as its core technology domains, this find-
ing partially denotes the strategic value of patents in 
its core technology domain (Granstrand et  al., 1997). 
Hence, we controlled for core using a dummy vari-
able set to 1 for a patent belonging to the top technol-
ogy domain in a firm’s patent portfolio in the technol-
ogy category and to 0 otherwise (Song et al., 2003). A 
patent’s number of inventors and applicants listed in the 
application were used here as an indication of the size 
of the team involved in the innovative research being 
patented and operated, respectively. The involvement 
of more inventors or applicants reflects the fact that a 
patent is more embedded within a certain group with 
less mobility (Hoetker & Agarwal, 2007). Since patents 
with higher quality are more probable to be accepted 
by lenders as collaterals (Fischer & Ringler, 2014) and 
present a greater likelihood of mobility (de Marco et al., 
2017), we controlled for the number of pages, claims, 
fields, and the number of forward citations that a pat-
ent received within 3 years before the observation year. 
We also controlled for a patent’s number of backward 
citations which measures the focal patent’s external 
technology linkage and may influence the likelihood of 
a patent being approved as loan collateral (Zhang et al., 
2021). Additionally, the presence of a PCT application 
indicates that the potential market of a certain patent 
covers a larger number of countries and that such pat-
ents would have had a greater likelihood of being traded 
(de Marco et  al., 2017). Therefore, we introduced a 
dummy variable of equal to 1 when a PCT application 
had been filed. Meanwhile, since China’s number of tri-
adic patent families is relatively small (OECD, 2019), 

12  According to “The Rules for Recording Contracts of Patent 
Collateralization in China,” only granted patents can be used 
as collateral for loans in China. Thus, we set the observation 
years in our panel dataset starting from each patent’s grant year 
to analyze the role of information cues in the probability of a 
patent pledge occurring during the possible period of time.
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given the availability of the data, we also used PCT as 
a proxy variable for the patent family and used it to pre-
dict the patent’s value (Harhoff et al., 2003).

To control for the impact of a firm’s attributes on a 
patent pledging potential, the characteristics of each 
patenting firm at the corresponding observation year 
after the first time it had applied for a patent were 
used, including the firm age, patent portfolio size, 
pledge experience, technological diversity, technolog-
ical competence, and the firm’s public status. We cal-
culated the firm age by subtracting the year of a firm’s 
entry into the technological market (i.e., the earliest 
year a firm applied for a patent) (Hoetker & Agar-
wal, 2007) from each observation year of the patent. 
A firm’s patent portfolio size was calculated based 
on its number of valid patents. Theoretically, all valid 
patents have a potential of being pledged. Therefore, 
here, valid patents refer to those that remained legally 
in effect until the observation year while excluding 
any patents that had previously been pledged and 
those that had expired or did not have their mainte-
nance fees paid. Meanwhile, to reflect technological 
obsolescence more accurately (Hall et al., 2005), we 
took a 15% depreciation rate per year into account. 
The patent portfolio size at the time of an observation 
is then calculated as:

where � is the depreciation rate. Moreover, since a 
firm’s prior experience in using patents as debt col-
lateral may signal its strong relationship to lenders, 
we controlled for the firm’s pledge experience by 
using the number of pledged patents a firm had in the 
5  years prior to the observation year (Mann, 2018). 
Two other control variables, technological diversity 
and technological competence, are respectively meas-
ured as 1-HHI (Herfindahl–Hirschman index) and 
RTA (revealed technology advantage) at the time of 
an observation. Given that the diversity of technologi-
cal fields in which the company activates may vary 
across different firms, in accordance with previous 
studies (Liston-Heyes & Pilkington, 2004; Trajten-
berg et al., 1997), it was controlled in our study and 
operationalized as follows:

where Sij is the percentage of the patents applied for 
in technological field i out of all patents applied for by 

(1)Patent Portfolio Sizet = GrantedPatentst + (1 − �)ValidPatentst−1

(2)Technological Diversity = 1 −

∑n

i
S2
ij

firm j. The RTA index for a given firm in the obser-
vation year is defined as the firm’s share of patents 
in a certain technological field out of all its patents, 
divided by all firms’ share of patents in that certain 
technological field out of all their patents registered at 
the CNIPA, which is operationalized as follows:

where Pij is the number of patents applied for in tech-
nological field i by firm j (Granstrand et  al., 1997). 
Additionally, we also controlled for a firm’s public 
status, which is set to 1 if the firm is publicly listed at 
the time of the observation year.

At the industry level, industrial licensing probabil-
ity and market structure were included in our model. 
As a commonly observed type of patent assignment, 
firms’ licensing behavior promotes knowledge trans-
actions (Ruckman & McCarthy, 2017). Thus, the 
licensing probability in a certain industry can serve 
as a positive signal of patent liquidity to lenders. This 
control variable is measured by the percentage of 
licensed patents in a certain technological field for the 
previous 5 years. Existing research stated that, in dif-
ferent industries with distinct market structures, firms 
build on the use of their patents differently in terms of 
technological and commercial strategies (Kim, 2004). 
Hence, the market structure was controlled for in our 
study and is calculated as the ratio of the top three 
firms’ patent holdings against all patents of the same 
class in a certain technological field at the time of an 
observation. Moreover, since Chinese banks’ lending 
decisions vary along levels of market development 
(Firth et al., 2009; Li et al., 2019), we controlled for 
the market development conditions in different regions 
for the corresponding observation year by using the 
National Economic Research Institute of China’s 
(NERI) marketization index (Wang et al., 2017).

Finally, year dummies were introduced to con-
trol for potential cohort effects. To control for indus-
try development effects and regional environmental 
effects, we included industry dummies and region 
dummies, respectively. It is important to note that the 
industry dummies distinguish whether a focal patent 
belongs to strategic emerging industries, which are 
key industries selected by the Chinese central govern-
ment as the core part of China’s economic growth plan 
(Prud’homme, 2016). A full list of variables used in 

(3)RTA =

Pij
∑n

i
Pij

÷

∑n

i
Pij

∑n

i

∑n

j
Pij
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the empirical analysis along with their brief descrip-
tions and specific log transformations used are pro-
vided in Table 3.

3.3 � Empirical strategy

With respect to the regression model, our analysis 
employed a Cox proportional hazard-rate model (Cox, 
1972) with time-varying regressors, which is useful in 
verifying the dynamic process of patent valuation and 
uncertainty reduction. Using the estat phtest command 
in STATA, the global chi-squared (p > 0.1) shows no 
evidence that the proportional hazards assumption was 
violated (Morita et  al., 1993). Meanwhile, consider-
ing that the propensity to pledge a patent varies across 
startups, we clustered the standard error at the firm 

level13 in our model to control for other unobservable 
heterogeneities. Letting hpledge represents the hazard 
rate of pledge changing from 0 to 1 (i.e., the instan-
taneous probability of failure at t, conditional on sur-
vival until t) (Gans et al., 2008), including controls for 
observable factors, which yields the following:

(4)

hpledge
(

t,AGEt
i
,VC

t

i
,HTt

i
, Zi

)

= h(t) ∙ exp

{�0 + �ZZi + �AGEAGE
t
i
+ �VCVC

t
i
+ �HTHT

t
i
+ vi}

Table 3   Variable definitions

* The logarithmic form of the variable is used because the distribution of this variable is skewed. For a variable that is measured as a 
number, this takes the form log (variable + 1)

Variable Definition

Dependent variable
Pledge A 0/1 variable set to 1 if a patent has been pledged at the time of an observation
Independent variable
Patent age* Time difference between an observation year and the application year of a focal patent
VC backing A 0/1 variable set to 1 if the firm has been invested in by VCs within 3 years before the observation year
High-tech certification A 0/1 variable set to 1 if the firm has been certified as a high-tech enterprise within 3 years before the observation year
Control variable
Core A 0/1 variable set to 1 if a patent belongs to the top technological field of a firm’s patent portfolio at the time of an observation
No. of inventors* The number of inventors listed on a focal patent
No. of applicants* The number of applicants listed on a focal patent
No. of pages* The number of application pages in a focal patent
No. of claims* The number of claims made in a focal patent
No. of fields* The number of technology sectors to which a focal patent belongs
No. of backward citations* The number of backward citations of a focal patent
No. of forward citations* The number of forward citations that a focal patent received within 3 years before the observation year
PCT A 0/1 variable set to 1 if a patent is applied for through the PCT
Firm age* The observation year of a focal patent minus the firm’s first patent application year
Patent portfolio size* A firm’s number of valid patents until the observation year based on a 15% patent depreciation rate
Pledge experience* The number of patents a firm has pledged as collateral within 5 years before the observation year
Technological diversity 1-HHI, which is calculated based on the valid patents that a firm has at the time of an observation, as shown in Eq. (2)
Technological competence* Measured as the RTA index, see Eq. (3)
Public status A 0/1 variable set to 1 if the firm is publicly listed at the time of an observation
Licensing probability The proportion of licensed patents among the total number of applied patents within the same first technological field in the 

5 years before the observation year
Market structure The ratio of the top 3 firms’ patents held against all same class patents at the time of an observation
Marketization index* The market development index of a certain region in the observation year
Dummy variable
Year dummies 0/1 variables for the year in which a patent was applied
Industry dummies Dummies to control industrial effects (distinguish whether a focal patent belongs to Chinese strategic emerging industries)
Region dummies Dummies to control regional effects (distinguish provincial regions in mainland China)

13  In our regression model, the standard error is clustered at the 
firm level (i.e., patent owners) since patents belonging to the 
same firm tend to be correlated. For instance, a patent owner 
may pledge multiple patents simultaneously to obtain more 
bank loans. Moreover, a firm’s pledging of a certain patent 
might reduce the probability of using its other patents as collat-
eral because the financial demands of this firm have been met.
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where Z includes the patent, firm, industry, and region 
characteristics. Under the assumption that Eq.  (4) is 
the true model, �AGE can be interpreted as the pledge 
hazard rate related to the patent’s age. On this basis, 
�VC and �HT can be respectively interpreted as the 
impacts of VC backing and High-tech certification 
on the pledge hazard rate. To disentangle the impact 
of certain “treatment effects” (i.e., VC backing and 
High-tech certification in our case) from unobserved 
heterogeneity, it is useful to recognize that although 
the value of vi impacts the hazard rate in all periods, 
VC backing and High-tech certification only impact 
the pledge hazard rate as information cues after the 
patenting startup receives funding or certification 
(Abbring & Van den Berg, 2003).

However, our regression model might be vulner-
able to self-selection bias, because the role of patents 
in financial market varies among firms with different 
characteristics (Greenberg, 2013; Hsu & Ziedonis, 
2013; Useche, 2014). That is, startups might make 
decisions on whether relying on patents to obtain 
loans based on their own conditions, and lenders may 
also take the firms’ quality into account when mak-
ing decisions on whether accepting a patent pledge. 
Therefore, we employed self-selection correction by 
using an instrumental variable to address this issue. 
Given that firms often take peers as their reference 
group when making strategic decisions (Henisz & 
Delios, 2001), we used the number of pledged patents 
by other firms within a same group in the observation 
year as our instrumental variable. Peer pledge is calcu-
lated based on 13 groups with a similar patent portfo-
lio size incorporating a 15% depreciation rate per year. 
In the first-stage logistic regression, we estimated the 
probability of patent pledging by a focal firm using 
this instrumental variable and other firm-level predic-
tors. Table  4 shows that peer pledging significantly 
and positively predicts the focal firm’s using patents 
as loan collateral and thus is a relevant instrument 
( 𝛽 = 0.752, p < 0.01 ). Based on the first-stage logistic 
estimation, the inverse Mills ratios was calculated and 
inserted as a firm-level control for self-selection in our 
second-stage regression.

4 � Empirical results

The descriptive statistics and correlations for the key 
variables of the matched sample are shown in Table 5. 

The correlation coefficients do not suggest any major 
multicollinearity problems. Moreover, a review of the 
correlations shows a mean variance inflation factor 
(VIF) of 1.46 and a maximum VIF of 3.35, which are 
lower than the critical threshold value of 10 (Chatterjee 
& Price, 1991), revealing no multicollinearity concerns.

4.1 � Cox hazard regression results

Table 6 presents the Cox hazard regression results based 
on yearly data. In this empirical data table, we report both 
the estimated coefficients and the implied hazard ratios, 
which should be assessed relative to one another because 
the latter renders the estimated size effects more apparent 
(Gans et  al., 2008). The “failure” event in these regres-
sions is the first instance of a patent being pledged. Model 
1 shows only the baseline model with control variables. In 
turn, the independent variables of the patent age and its 
square term, VC backing, and High-tech certification are 
inserted into models 2, 3 and 4. The final specification, 
model 5, includes all variables. Each specification includes 
a complete set of year, industry, and region fixed effects.

Table 4   First-stage logistic regression

N = 416,514; robust standard errors are in parentheses
*** p < 0.01, **p < 0.05, *p < 0.1

Variable Patent pledge

Peer pledge 0.752***
(0.041)

Firm age 0.565***
(0.074)

Patent portfolio size 0.724***
(0.047)

Pledge experience  − 0.089
(0.134)

Technological diversity 0.260*
(0.141)

Technological competence  − 0.097*
(0.050)

Public status  − 2.852***
(0.371)

Marketization index  − 1.132***
(0.137)

Year dummies Included
Region dummies Included
Constant 376.630***

(46.789)
Wald chi2 1274.47***
Log pseudo likelihood  − 10,205.736
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Hypothesis 1 predicts that, after a patent applica-
tion, with the accumulation of relevant information, 
the uncertainty of its valuation decreases gradually, 
and the probability of this patent being accepted by 
lenders as debt collateral increases. Once a certain 
threshold is reached, the pledge acceptance probabil-
ity starts to decrease as the remaining validity short-
ens. To test this hypothesis, we add a square term to 
the patent age. If our hypothesis is correct, we should 
find a significantly positive coefficient for the pat-
ent age and a significantly negative coefficient for 
its square term. As shown in Table 6, when the pat-
ent age and its squared term are introduced together 
into models 2–5, the coefficients of age are consist-
ently positive and significant whereas the coefficients 
of the square of age are all negative and significant. 
The combination of these variables demonstrates the 
inverted U-shaped relationship between the age of a 
patent and the likelihood of it being accepted as col-
lateral for loans.

To further examine the changes in the pledge 
acceptance probability up to and after a certain 
threshold, in line with previous studies (Gans et  al., 
2008; Serrano, 2010), we estimate another model 
with year, industry and region specific fixed effects 
that is similar to model 2. In the place of the patent 
age and its square, we estimate eight mutually exclu-
sive time window dummies.14 The results are pre-
sented in Fig.  4, where we can see that, in the first 
2 years after a patent is granted, there is a dramatic 
spike (statistically significant) in the pledge hazard, 
and the hazard rate jumps by more than 100% during 
these two periods. In contrast, in the following four 
1-year windows after the threshold, the hazard rate of 
a patent pledge declines rapidly. Thereafter, the haz-
ard rate stabilizes at a level of approximately 1.0 after 
7 years from which the patent has been granted. These 
results offer further significant evidence to our earlier 
analysis of an inverted U-shaped distribution for the 
pledge hazard. Thus, Hypothesis 1 is supported.

Hypotheses 2 and 3 propose that when acting as 
information cues from external third parties, both the 
VC backing and government certification of patent 
owners can help lenders reduce the patent uncertainty 

and thus accelerate their acceptance of a patent 
pledge. Indeed, as we argued above, on the basis of 
an inverted U-shaped distribution for the pledge haz-
ard, the likelihood of a patent being accepted as loan 
collateral is positively correlated with VC backing 
and government certification. As represented in mod-
els 3 and 4 of Table  6, the coefficients on both VC 
backing and High-tech certification are positive and 
statistically significant ( 𝛽VC = 0.710, p < 0.01 ; and 
𝛽HT = 0.189, p < 0.01 ), indicating that the likelihood 
of a patent collateralization is significantly enhanced 
after the patent owner obtains VC investment or gov-
ernment certification. Meanwhile, the hazard ratios 
of VC backing and High-tech certification are 2.033 
( p < 0.01 ) and 1.208 ( p < 0.01 ), respectively, which 
implies that VC backing is associated with a more 
than 103% increase in the probability of speeding up 
a patent pledge approval and that High-tech certifica-
tion is associated with an approximately 20% increase 
in this probability. Therefore, we find support for 
Hypotheses 2 and 3.

Furthermore, we argue that compared to gov-
ernment certification, lenders might place more 
emphasis on VC investment. From model 5, which 
simultaneously includes VC backing and High-tech 
certification with the other variables left unchanged, 
we can observe that compared to High-tech certifi-
cation, VC backing presents a higher significantly 
positive coefficient in Table  6 ( 𝛽VC > 𝛽HT ). Fol-
lowing this final regression, we also use a statistical 
t-test to analyze the differences in these coefficients. 
The result ( H0 ∶ 𝛽VC = 𝛽HT , chi

2
= 14.25, p < 0.01 ) 

indicates that lenders judge differently the role of VC 
investment and government certification in reducing 
uncertainty. Specifically, VC backing is associated 
with 102.2% increase in the likelihood of success-
fully accelerating a patent pledge acceptance, which 
is more than five times the value for High-tech certifi-
cation. These findings support Hypothesis 4.

4.2 � Robustness tests

We conducted additional robustness tests to rule out 
potential endogeneity problems and to ensure that our 
findings are not contingent on specific choices in the 
above empirical analysis.1514  The windows represent 0, 1, 2, 3, 4, 5, 6, and 7–10  years 

after a patent is granted. Because these time window dummies 
are exhaustive and mutually exclusive, we cannot separately 
estimate the impact of the patent age on the pledge hazard rate. 
Instead, we focus on the changes occurring overtime.

15  Some of the results are not reported here due to space limi-
tations and are available from the authors upon request.
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First, the hypothesized role of information cues 
from third parties in accelerating a patent collater-
alization could be influenced by the length of time 
elapsed since patent owners acquired VC backing 
or government certification. For instance, lend-
ers may treat differently the effect of VC backing 
acquired recently and of that acquired 5  years ago 
in reducing uncertainty (de Rassenfosse & Fischer, 
2016). Likewise, the value of information cues from 
the government is most pronounced in the period 
immediately following certification (Islam et  al., 
2018). Similarly, in the financial market, recent 
patents may provide the most up-to-date informa-
tion about a focal firm’s inventive capabilities at the 
time of event (Heeley et al., 2007). As a result, our 
measurements of VC backing, High-tech certifica-
tion, and patent portfolio size may have been biased 
by the length of the intervals. To address this con-
cern, we redefined these variables using an alterna-
tive measure. VC backing and High-tech certifica-
tion are set to 1 when the patent owner has obtained 
VC investment or has been certified as a high-tech 
enterprise within 3  years before the observation 
year, respectively, and to 0 otherwise. The patent 
portfolio size is measured by summing the number 
of valid patents that has been granted to the focal 
firm within 5  years prior to the observation year. 
The results comprised in Table 7 are consistent with 
the main results reported in the paper. From the 
unreported models of hazard ratios, we found simi-
lar results.

Second, practically, on the technology market, 
patents are conceived as tradable assets and thus can 
be traded between different entities (de Marco et al., 
2017). These patent transactions, which can take the 
form of licensing agreements or sales assignments, 

might affect the likelihood of a patent being used 
as loan collateral. That is, when a patent has been 
licensed or sold on the technological market, it may 
no longer be at risk of being used as a collateral 
for loan. Given this, the competing events such as 
licensing or sale might have appeared as a kind of 
omitted variable and might have thus affected the 
value of our covariates in the Cox model. There-
fore, based on the survival analysis, we further char-
acterized and modeled the time-to-event by using 
the competing risks approach, which is tailored to 
model durations that end with multiple events (Giot 
& Schwienbacher, 2007). It thus allows for ana-
lyzing the influence of different events on patent 
pledging. The results of the competing risks model 
presented in Table 8 are in line with those in the sin-
gle-risk Cox model.

Third, we considered an alternative estimator to 
assess the predicted relationships between infor-
mation cues and patent pledge acceptance. In our 
main analyses, we used the Cox model. To resolve 
the biases that may have come from different mod-
els, our supplementary analysis involves estimat-
ing a logistic regression (Prentice & Pyke, 1979; 
Scott & Wild, 1986) to identify the likelihood of 
a patent being accepted as loan collateral. Using 
the xtlogit command in STATA, the constructed 
matched sample with time-varying panel data is 
useful in verifying the timing dilemma in patent 
valuation. Meanwhile, we clustered the standard 
errors at the firm level in our model to control for 
other unobservable heterogeneities.16The results 
shown in Table 9 are consistent with the findings 
derived using the Cox model. Moreover, follow-
ing the steps suggested by Haans et  al. (2016), 
we tested the existence of the inverted U-shaped 
relationship between a patent’s age and the like-
lihood of this patent being accepted as loan col-
lateral. The result of the overall test is significant 
( t-value = 2.61, p < 0.01 ). The estimated turn-
ing point is 1.941 (the Fieller 90% confidence 
interval is [1.764, 2.188]), which is within the 
range of patent age. Besides, the results show 
that the slope at the lower bound (0) is 6.479 
( t-value = 9.30, p < 0.01 ), while at the upper bound 

0.8
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Fig. 4   Pledge hazard ratio over time

16  Since this study compares the differences in patents within 
and between firms, we use the random effect in our logistic 
regression, which is also supported by the Hausman test.
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(2.398) is − 1.526 ( t-value = −2.61, p < 0.01 ). 
Taken together, the results of the U test verify the 
presence of this inverted U shape.

Finally, considering that various technology cat-
egories may possess different average patent values 
and the costs of bringing these patents to the mar-
ket are likely just as different, we replaced the indus-
try dummies with a field dummy variable to control 
for the first technological field of each patent. Since 
decisions regarding whether to accept patents as 
collateral for loans are made by lenders, we clus-
tered the standard errors at the levels of the potential 
lender and the dyadic relationship between a bor-
rower and a potential lender. The Cox hazard regres-
sion results remain consistent across these different 
model specifications.

5 � Discussion and conclusion

5.1 � Summary and contribution

In this quantitative study on innovative startups 
using patents as collateral for loans, we argue that 
time is an additional determinant of a patent’s like-
lihood to be accepted as loan collateral by lenders. 
The interplay of a patent’s validity and uncertainty 
dynamically influences this probability. Moreo-
ver, we argue that endorsements from third par-
ties, such as VC backing and government certifi-
cation, can be used as information cues to reduce 
uncertainty and thus help lenders cope with the 
timing dilemma. Based on 3597 pledged patents 
from Chinese startups and their matched group, 
a unique panel dataset is formed and used to test 
the hypotheses. First, the age of a valid patent is 
found to have an inverted U-shaped relationship 
with the likelihood of this patent being accepted 
as loan collateral. Second, with all other variables 
left unchanged, we find that both VC backing and 
government certification (high-tech enterprise cer-
tification as the proxy variable) are significantly 
related to innovative startups’ patent collateraliza-
tion and can accelerate this outcome. Third, our 
proposition that lenders place more emphasis on 
VC backing than on government certification in 
their patent-pledged loan decision-making is also 
empirically supported. These findings contribute to 

the research on startups’ patent-backed debt financ-
ing in the following several ways.

First, prior studies on innovative firms’ debt 
financing through patent collateralization have 
tested and verified that patents should be valuable 
in order to be pledged (Caviggioli et  al., 2020; 
Fischer & Ringler, 2014; Hochberg et  al., 2018; 
Mann, 2018; Zhang et  al., 2021). We acknowl-
edge these findings and assume that the value of 
a patent varies along time. We describe a timing 
dilemma that lenders confront when factoring in 
validity and uncertainty in patent valuation, and 
verify how lenders cope with this dilemma by 
using information cues from external third par-
ties. To the best of our knowledge, very little prior 
research has examined the dynamic time process 
involved in patent valuation and its limited eco-
nomic life (Gambardella et  al., 2017; Maresch 
et  al., 2016; Wu, 2011; Wu & Tseng, 2006). In 
reference to a specific setting (i.e., startups’ pat-
ent-backed loans), our empirical analysis consid-
ered the timing effect on lenders’ decision-making 
process, thus shedding light on the determinants 
of using patents as collateral for loans from a 
dynamic perspective of time.

Second, studies on innovation have demon-
strated that VC backing or government certifica-
tion can serve as information cues and help firms 
establish legitimacy or obtain external financing 
(Cumming, 2007; Gulati & Higgins, 2003; Hoe-
nig & Henkel, 2015; Kleinert et al., 2020; Lerner, 
1999), but rarely consider their distinct effects 
under the same conditions. We extend previous 
research by examining these aspects in the spe-
cific context of startups’ patent collateraliza-
tion. Using VC backing and government certifi-
cation as information cues from the market and 
the government respectively, our study shows that 
lenders can rely on these indicators to cope with 
the timing dilemma and speed up patent pledg-
ing, however they place more importance on VC 
backing than on government certification. These 
findings provide a systematic perspective which 
refines our understanding of how lenders decide 
whether to accept startups’ patents as collateral 
or not.

Third, most existing studies on patent pledging 
predominately use US patents or US firms as their 
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collateral sample and perform a patent-level or firm-
level analysis (Caviggioli et  al., 2020; Fischer & 
Ringler, 2014; Hochberg et  al., 2018; Mann, 2018; 
Zhang et  al., 2021), only Yang et  al. (2021) utilize 
Chinese startups as a research sample and focus 
on the internal firm-level factors that affect patent 
pledging. By setting China as our study context, we 
continue the patent-level analysis and propose a tim-
ing dilemma that lenders confront. We also capture 
the role of VC backing and government certifica-
tion at the firm-level in coping with this dilemma 
by lenders. Our work thus addresses an imbalance 
in this research field by providing preliminary 
results in the context of emerging economies. We 
also extend the investigation of the collateralization 
determinants from patent-level factors (i.e., citation-
based indicators) (Fischer & Ringler, 2014; Zhang 
et  al., 2021) and internal firm-level factors (Yang 
et al., 2021) to external firm-level factors.

5.2 � Practical implications

In addition to extending the field literature, our 
results have practical implications for both start-
ups and lenders. First, innovative startups can more 
easily identify the appropriate time to pledge their 
patents depending on the patent’s age in order to 
attain obvious monetary value of their collateral-
ized assets and improve the firm’s value. Gener-
ally, startups can access external capital through 
patent selling, patent licensing, and patent pledg-
ing. However, startups will lose the ownership of 
their patents in case of selling (Serrano, 2010), and 
they might create future competitors in the case of 
licensing (Gans et  al., 2008). By maintaining their 
valuable patents and pledging them at a certain 
point in their legal lifetime, innovative startups can 
make full use of patents’ value on the debt market, 
obtain external capital, and thus build competitive 
advantages in the future. Second, startups can also 
pre-emptively strategize by accessing VC invest-
ments or by obtaining government certification to 
most advantageously position their patents to lend-
ers. In doing so, they can accelerate lenders’ favora-
ble response and use additional capital to increase 
investment in innovation, which further enhances 
their commercial value (Kleinert et  al., 2020). 
Third, when creditors make loan decisions on start-
ups’ patent pledges, they can use the patent age 

and endorsements from third parties as information 
cues, thus effectively coping with the information 
asymmetry friction.

5.3 � Limitations and avenues for future research

Despite our rigorous efforts, this study bears cer-
tain limitations. First, there may be concerns about 
the validity of our control sample. For example, 
we were not able to identify those startups who 
did not utilize their patents as collateral for loans 
but were actively searching for debt financing (i.e., 
type I error) (Dechow et al., 2011). While this study 
employed self-selection correction by using an 
instrumental variable in the first-stage regression, 
the qualitative case study approach to the question 
of why some patents are pledged by startups but 
not accepted by lenders would also be interesting. 
Second, regarding the measuring of information 
cues from third parties, although we introduced 
VCs and widely publicized high-tech enterprise 
certification as dummy variables due to data avail-
ability, whether these cues have measurable effects 
on reducing uncertainty in patent valuation has not 
been considered. Future studies could facilitate in-
depth discussions and improve this assessment by 
determining whether the size of VC investments or 
government subsidies (Wu & Xu, 2020; Wu et  al., 
2021) has a similar effect. Finally, using patent data 
in the Chinese context, we tested and verified the 
effects of time and endorsements from third par-
ties on the likelihood of a patent being accepted as 
loan collateral. Given that institutional settings may 
impact the results produced by information cues 
(King et  al., 2005), future analysis may replicate 
this research in reference to other developing coun-
tries or developed ones.

Potential research opportunities and future ave-
nues of research are suggested as follows: first, the 
empirical results of this study show that startups’ 
patent portfolio size and public status negatively 
relate to patent pledging. In other words, those start-
ups who utilize patents as loan collaterals have a 
relatively small number of patents and are not yet 
publicly listed. Since the role of patents in entre-
preneurial financing has been largely investigated, 
the findings illustrate that a higher number of pat-
ents can be a signal of technological maturity to 
the financial market and has positive correlations 
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with entrepreneurial firms’ accessing debt or equity 
financing, such as equity crowdfunding, venture or 
bank debt, and IPO (Hsu & Ziedonis, 2013; Rossi 
et  al., 2021; Useche, 2014; Vismara, 2014). In line 
with such previous studies, it would be worthwhile 
to investigate whether patent pledging has a signal-
ing effect for startups’ equity financing, such as IPO, 
especially when entrepreneurial firms are relatively 
disadvantaged by a small patent portfolio. Second, 
while we examined the effects of the patent’s age, 
VC backing, and government certification on inno-
vative startups’ patent pledging, it would be worth-
while to consider other potential information cues 
such as patent assignments and firm events. For 
example, licensing-based commercialization strat-
egies (Morricone et  al., 2017), patent invalidation 
(Horsch et al., 2021), and various exit routes of firms 
(Cefis et  al., 2022). Third, as an important indica-
tor, the signaling role of investments made by VCs 
may change depending on the latter’s type. Previous 
studies have described the heterogeneity across VCs, 
which differ in terms of size, previous experience, 
affiliation, and stage specialization (Elango et  al., 
1995; Hirsch & Walz, 2013; Meuleman et al., 2009). 
These differences affect their investment behav-
ior. For instance, Croce et  al. (2015) showed that 
independent and bank-affiliated VCs have different 
investment behaviors in relation to entrepreneurial 
firms. Further analysis taking into account different 
types of VCs would enhance our understanding of 
the influencing mechanism of information cues in 
patent collateralization.
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Appendix

Tables 7, 8, and 9

Table 7   Robustness 
tests: alternative 
measure (dependent 
variable = pledge)

Variables Model 1 Model 2 Model 3 Model 4 Model 5
Coefficient Coefficient Coefficient Coefficient Coefficient

Patent age 0.956*** 0.963*** 0.958*** 0.965***
(0.213) (0.214) (0.214) (0.214)

Patent age^2  − 0.232**  − 0.233**  − 0.226**  − 0.227**
(0.107) (0.107) (0.107) (0.107)

VC backing (b3) 0.639*** 0.636***
(0.174) (0.179)

High-tech certification (b3) 0.153*** 0.152***
(0.059) (0.059)

Core 0.070 0.060 0.062 0.060 0.062
(0.067) (0.067) (0.066) (0.067) (0.066)

No. of inventors 0.025 0.034 0.037 0.032 0.034
(0.049) (0.049) (0.050) (0.049) (0.050)

No. of applicants 0.041 0.019 0.035 0.034 0.049
(0.285) (0.288) (0.287) (0.288) (0.287)

No. of pages 0.071 0.071 0.064 0.072 0.065
(0.066) (0.067) (0.066) (0.067) (0.067)

No. of claims  − 0.008  − 0.003  − 0.001  − 0.006  − 0.004
(0.039) (0.039) (0.039) (0.039) (0.039)

No. of fields  − 0.035  − 0.043  − 0.041  − 0.040  − 0.039
(0.102) (0.103) (0.103) (0.103) (0.103)

No. of backward citations  − 0.004  − 0.013  − 0.015  − 0.011  − 0.013
(0.032) (0.033) (0.033) (0.033) (0.033)

No. of forward citations  − 0.009  − 0.014  − 0.015  − 0.014  − 0.014
(0.025) (0.025) (0.025) (0.024) (0.024)

PCT 0.498 0.461 0.474 0.461 0.475
(0.344) (0.340) (0.338) (0.339) (0.338)

Firm age 0.219** 0.057 0.052 0.049 0.043
(0.111) (0.112) (0.114) (0.113) (0.115)

Patent portfolio size (b5)  − 0.206***  − 0.196***  − 0.195***  − 0.196***  − 0.195***
(0.063) (0.066) (0.066) (0.066) (0.066)

Pledge experience 0.067 0.080 0.073 0.084 0.078
(0.117) (0.118) (0.119) (0.119) (0.120)

Technological diversity  − 0.188  − 0.163  − 0.161  − 0.170  − 0.168
(0.123) (0.123) (0.122) (0.123) (0.122)

Technological competence 0.035 0.044 0.044 0.046 0.045
(0.040) (0.040) (0.040) (0.040) (0.039)

Public status  − 0.747**  − 0.747**  − 0.744**  − 0.752**  − 0.749**
(0.341) (0.346) (0.347) (0.348) (0.349)
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N = 23,190; robust standard errors are clustered by firm; two-tailed test; ***p < 0.01, **p < 0.05, 
*p < 0.1

Table 7   (continued) Variables Model 1 Model 2 Model 3 Model 4 Model 5
Coefficient Coefficient Coefficient Coefficient Coefficient

Licensing probability 0.143  − 0.678  − 0.582  − 0.687  − 0.593
(1.741) (1.709) (1.693) (1.702) (1.687)

Market structure 0.868* 0.774* 0.721* 0.761* 0.710*
(0.446) (0.454) (0.431) (0.450) (0.428)

Marketization index 0.720  − 0.095  − 0.105  − 0.080  − 0.090
(0.807) (0.930) (0.921) (0.930) (0.922)

Inverse Mills ratio  − 0.270***  − 0.267***  − 0.265***  − 0.268***  − 0.266***
(0.092) (0.095) (0.096) (0.096) (0.096)

Year dummies Included Included Included Included Included
Industry dummies Included Included Included Included Included
Region dummies Included Included Included Included Included
Wald chi2 1889.03*** 1918.76*** 1907.51*** 1925.41*** 1915.44***
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Table 8   Robustness 
tests: competing risks 
model (dependent 
variable = pledge)

Variables Model 1 Model 2 Model 3 Model 4 Model 5
Coefficient Coefficient Coefficient Coefficient Coefficient

Patent age 0.900*** 0.909*** 0.905*** 0.914***
(0.211) (0.212) (0.211) (0.211)

Patent age^2  − 0.225***  − 0.229***  − 0.219***  − 0.224***
(0.084) (0.082) (0.084) (0.083)

VC backing 0.706*** 0.702***
(0.123) (0.127)

High-tech certification 0.204*** 0.203***
(0.051) (0.052)

Core 0.064 0.054 0.059 0.052 0.058
(0.068) (0.068) (0.067) (0.067) (0.066)

No. of inventors 0.028 0.037 0.041 0.033 0.037
(0.050) (0.050) (0.050) (0.050) (0.050)

No. of applicants  − 0.025  − 0.046  − 0.024  − 0.026  − 0.005
(0.291) (0.296) (0.294) (0.294) (0.293)

No. of pages 0.084 0.085 0.077 0.090 0.082
(0.066) (0.066) (0.066) (0.067) (0.067)

No. of claims  − 0.012  − 0.008  − 0.005  − 0.014  − 0.011
(0.039) (0.040) (0.039) (0.039) (0.039)

No. of fields  − 0.031  − 0.039  − 0.037  − 0.033  − 0.032
(0.104) (0.105) (0.105) (0.105) (0.105)

No. of backward citations  − 0.008  − 0.019  − 0.021  − 0.015  − 0.017
(0.032) (0.033) (0.033) (0.033) (0.033)

No. of forward citations  − 0.008  − 0.012  − 0.015  − 0.012  − 0.014
(0.025) (0.025) (0.025) (0.025) (0.025)

PCT 0.456 0.405 0.427 0.396 0.418
(0.345) (0.342) (0.338) (0.341) (0.337)

Firm age 0.233** 0.065 0.062 0.053 0.049
(0.117) (0.117) (0.118) (0.118) (0.120)

Patent portfolio size  − 0.231***  − 0.218***  − 0.217***  − 0.219***  − 0.217***
(0.067) (0.069) (0.070) (0.070) (0.070)

Pledge experience 0.086 0.097 0.087 0.104 0.094
(0.119) (0.120) (0.122) (0.121) (0.123)

Technological diversity  − 0.178  − 0.150  − 0.151  − 0.162  − 0.164
(0.124) (0.124) (0.123) (0.125) (0.124)

Technological competence 0.034 0.044 0.043 0.047 0.046
(0.041) (0.040) (0.040) (0.040) (0.039)

Public status  − 0.715**  − 0.721**  − 0.717**  − 0.724**  − 0.719**
(0.348) (0.352) (0.354) (0.355) (0.357)

Licensing probability 0.043  − 0.952  − 0.809  − 0.899  − 0.762
(1.777) (1.750) (1.730) (1.736) (1.717)

Market structure 0.739 0.630 0.580 0.610 0.564
(0.453) (0.461) (0.437) (0.451) (0.429)

Marketization index 1.078 0.037 0.023 0.050 0.035
(0.814) (0.938) (0.929) (0.937) (0.929)
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N = 23,190; robust standard errors are clustered by firm; two-tailed test; ***p < 0.01, **p < 0.05, 
*p < 0.1

Table 8   (continued) Variables Model 1 Model 2 Model 3 Model 4 Model 5
Coefficient Coefficient Coefficient Coefficient Coefficient

Inverse Mills ratio  − 0.279***  − 0.272***  − 0.270***  − 0.273***  − 0.271***
(0.096) (0.098) (0.099) (0.100) (0.101)

Year dummies Included Included Included Included Included
Industry dummies Included Included Included Included Included
Region dummies Included Included Included Included Included
Wald chi2 1920.01*** 1932.77*** 1926.16*** 1938.47*** 1933.90***

Table 9   Robustness 
tests: logistic regression 
results (dependent 
variable = pledge)

Variables Model 1 Model 2 Model 3 Model 4 Model 5

Patent age 1.290*** 1.306*** 1.308*** 1.324***
(0.313) (0.314) (0.312) (0.313)

Patent age^2  − 0.232***  − 0.231***  − 0.231***  − 0.230***
(0.033) (0.033) (0.033) (0.033)

VC backing 1.013*** 1.020***
(0.175) (0.180)

High-tech certification 0.257*** 0.259***
(0.067) (0.069)

Core 0.078 0.056 0.065 0.053 0.062
(0.082) (0.084) (0.083) (0.084) (0.083)

No. of inventors 0.014 0.046 0.052 0.041 0.048
(0.061) (0.063) (0.063) (0.063) (0.063)

No. of applicants  − 0.017  − 0.065  − 0.039  − 0.042  − 0.014
(0.350) (0.362) (0.359) (0.361) (0.358)

No. of pages 0.053 0.071 0.062 0.078 0.069
(0.082) (0.084) (0.084) (0.084) (0.084)

No. of claims  − 0.003 0.006 0.009  − 0.000 0.003
(0.048) (0.049) (0.049) (0.049) (0.048)

No. of fields  − 0.045  − 0.061  − 0.058  − 0.056  − 0.054
(0.126) (0.130) (0.131) (0.131) (0.131)

No. of backward citations  − 0.019  − 0.037  − 0.039  − 0.031  − 0.033
(0.038) (0.041) (0.041) (0.041) (0.041)

No. of forward citations 0.034 0.002  − 0.001 0.002  − 0.001
(0.031) (0.032) (0.032) (0.032) (0.032)

PCT 0.417 0.387 0.409 0.377 0.398
(0.413) (0.426) (0.423) (0.424) (0.422)

Firm age 0.545*** 0.052 0.046 0.039 0.033
(0.166) (0.156) (0.158) (0.157) (0.159)
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