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Abstract

We investigate how intangible capital in form of intellectual property, such as
patents, might mitigate financing constraints. While scholars have already ar-
gued that patents might have a signalling value reducing information asymme-
tries between borrowers and lenders, we quantify the value of using patents as
collateral with regard to capital access. Although this mechanism of patents
in financing further R&D is not new, we are the first to provide a treat-
ment effects study of patent collateral and access to capital. We make use of
mandatory collateral registry data in Sweden and the Netherlands to construct
panels combining firm-level financial data and patent measures. Estimating
conditional difference-in-difference regressions on firms’ debt allows deducting
treatment effects of using patents as collateral. We find that patent pledg-
ing enables Swedish (Dutch) firms to borrow about 21% (26%) more than
in the counterfactual situation in which no patents would have been used as
collateral. We also find that the collateral value of patents is higher than
their signalling value, and a back-of-the-envelope scenario calculation shows
that Dutch (Swedish) firms could raise more than € 7 (€ 10) billion addi-
tional debt capital if the complete patent portfolios would be pledged, all else
constant.
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1 Introduction

Innovation is an important source of economic growth, especially for developed countries
(Romer 1990, Aghion & Howitt 1990). However, investments in research and develop-
ment (R&D) are hampered by capital restrictions (Nelson 1959, Arrow 1972). Given the
inherent uncertainty of R&D projects, R&D performers are better informed about the
expected outcome of their R&D projects than potential lenders. This information asym-
metry can raise transaction costs to an extent that socially desirable innovation projects
are not implemented as the cost of external capital rendered them privately unprofitable
(Hall & Lerner 2010). Therefore, many innovative companies are financially constrained
(Czarnitzki & Hottenrott 2011).

The current literature on financing constraints is mainly focused on establishing em-
pirically the existence of financing constraints, and to lesser extent on how to mitigate
them. Examples of the latter are analyses of the institutional framework, e.g. banking
practice, and the relationships between firms and investors (Beck et al. 2007). Czarnitzki
& Hottenrott (2017) have suggested that management practices in form of R&D collab-
oration may help to attenuade financing constraints. Moreover, Hottenrott et al. (2016)
show that patents reduce financing constraints by disclosing information to investors,
described as the signaling value of patents. In addition to the signalling value of patents,
however, firms can also pledge patents for loan collateral to ease access to finance. This
channel has attracted surprisingly little attention in the empirical literature.! The the-
oretical literature points out that investors can use collateral as a screening device that
mitigates adverse selection (Bester 1985). Hence, patents pledged as collateral, provide
incentives for lenders to commit funding and, at the same time, leave the ownership of
patents to borrowers (Steijvers & Voordeckers 2009). Moreover, the loss of importance of
tangible assets in modern knowledge economies (Goldfinger 1997) forces firms to resort

to intangibles for collateral.

1One might also think of selling or licensing patents. However, in both cases firms will lose their patent
or reduce its competitiveness. Moreover, small firms which are mostly affected by financing constraints
are less diversified, and could thus lose significant parts of their business model by selling / licensing
patents.



In this paper, we estimate treatment effects of patent pledging on the pledgor’s access
to external capital as measured by debt at the firm level. We obtained information on
all pledged patents in Sweden and the Netherlands and constructed two panel databases
including financial data. Conditional Difference-in-difference (CDiD) analyses for the
matched samples of similar non-pledging Swedish and Dutch firms reveal significant in-
crease in the levels of debt following the pledging event. Estimated results show that
the patent pledging event causes an increase in debt by about 34% for Dutch pawners
and about 20% for Swedish pawners, respectively. These relative changes correspond to
higher debt of about 1.4 million euro in the Netherlands and 1.2 million euro in Sweden.
However, descriptive statistics show that only a few patenting firms in both countries
pledge patents. A back-to-envelope calculation shows that patent owners could raise
more than 5 billion euro in the Netherlands and more than 13 billion euro in Sweden if
all firms pledge their complete patent portfolios, all else constant. Thus, patents pledged
as loan collateral may provide a fruitful source of external financing.

Our regressions also allow comparing the signaling value and the collateral value of
patents with regard to debt. We find that the patents’ collateral value exceeds their
signaling value for firms in the Netherlands but not for firms in Sweden.

Our findings contribute to the vast literature on financing constraints. Among others,
Harhoff (2000) and Brown et al. (2009) provide evidence that innovative firms are finan-
cially constrained. Our results show that firms can access external finance by offering
patents as loan collateral, hence mitigate financing constraints. Moreover, we contribute
to the scarce literature on patent pledging. Mann (2018) provides descriptive evidence
that mature US firms pledging patents as collateral have significantly higher total debt.
Our results reinforce these findings in the framework of a treatment effects study with
both public and private firms in Europe and suggest that collateralized patents causally

help firms to access more debt. In addition, our findings can also be interpreted as a



contribution to the large literature on patent valuation (Bloom & Van Reenen 2002, 7,
Czarnitzki et al. 2006, Gambardella et al. 2008). The estimated treatment effects reflect
a minimum value of the pledged patent as lenders are willing to supply additional capital
for these collateralized patents in loan contracts.

The rest of the paper is organized as follows: In Section 2 we explain our conceptual
framework including the empirical identification strategy. In Section 7?7 we present a
description of the data including data sources, descriptive statistics and the construction
of a control group. Section 4 presents and discusses our findings. Finally, Section 5

concludes on implications of our results.

2 Conceptual framework and empirical identification
strategy

We estimate the impact of patent pledging on firms’ access to debt. Specifically, we apply
a conditional difference-in-difference (CDiD) framework to estimate the treatment effect
of patent collateralization in a loan negotiation. Thus, we compare the debt level of a
firm after the event of a patent pledge with the debt level before this event. As the debt
level might be affected by other exogenous macroeconomic characteristics relevant to the
firm, we use non-patent-pledging firms as control group in the regression analysis.

To address the selection into the group of pawners, we perform matching to find
similar non-pledging firms that are comparable in the pre-treatment period. Specifically,
we apply a Mahalanobis distance match in the pre-treatment period on debt, equity,
the patent stock and the number of forward citations the firms’ patent portfolio receives
in the future as well as firms’ age and sector. By conducting such a matching in the
pre-treatment period, we establish a quasi—experimental setting in which the treatment
group and the control group had, on average, in the past similar demands for debt and

currently possess similar equity. Furthermore, the patent stock and the forward citations



to this patent stock control for the potential collateral that the firms could offer to lenders
in terms of quantity and quality of their intellectual assets. Thus, we interpret positive
coefficients for the patent pledging event as estimates of the additional capital that firms
could raise because of pleding patents.

We implement the Mahalanobis distance matching as nearest neighbor matching in
which we draw up to two nearest neighbors per treated firm. We use a caliper restriction
to prevent bad matches, i.e. large Mahalanobis distances, which might introduce bias
and draw the neighbors without replacement (Abadie & Spiess 2021).

In the following, we regress debt on a set of indicators for the periods pre- and post-
pledging event for the matched sample. The change of patents collateral status allows
controlling for firm-fixed effects. Therefore, any time-invariant firm characteristics, such
as management quality or ownership structure, that may be related to firms’ access to
debt will be differenced out. The specification for the difference-in-difference regression

1s:

Yit = Z B1PPy + BoXi—1 + Bady + oy + €4 (1)
2

Specifying that ¢ = 0 is the last pre-treatment period and thus also the period used
for matching, the following timeline applies ¢t = (—2,—1,0,1,2,3, +4). y; is the natural
logarithm of firm ¢’s debt in year t. PP;; = 1 if a patent has been pledged for all £ > ¢
periods. X;;_; is a vector of time-varying firm-level characteristics that might influence
access to debt. We use the one-year lag of firms equity controlling for differences in capital
between pledging and non-pledging firms. Furthermore, we control for differences in firm
size, measured by the natural log of employees, because it is an important determinant
for financing constraints (Hadlock & Pierce 2010). We include the natural logarithm
of firms’ patent stock to capture patents’ signaling value to investors (Hottenrott et al.
2016). Last, we include the natural logarithm of the average number of forward citations
of firms” annual patent portfolios. This measure serves as a proxy for the quality of firms
intangible assets. d; are a set of time dummies capturing macro-economic changes, and

a; are firm-fixed effects capturing time-invariant differences across firms.



It is possible that the impact of patent pledging varies over time. Therefore, in a
second step, we estimate a variation of Equation (1) with multiple pre-pledge and post-
pledge indicators for patent pledging firms. This is useful for gauging the overall pattern
of the impact of patent collateral. In addition, the coefficients for the pre-pledge periods
serve as direct test of the common trend assumption. We thus regress debt on a set of
indicators for the years since any patents have been pledged, ranging from ¢t = —2 to
t = 4+4. The estimation equation is:

+4

Yit = Z Ve PPir + BoXir—1 +dy + i + €3¢ (2)
T=—2,7#0

PP, is an indicator equal one if a firm pledged patents 7 years after or —7 later if
T is negative, and zero otherwise. We include indicators for 7 = —2 before the pledging
event up to 4+ years after the pledging patents. We omit the indicator the year before
the pledging event (7 = 0), so the estimated coefficients should be interpreted as the
change relative to the year before the pledging event. Other specifications are identical
to Equation 1 as described above.

The set-up of our matching routine and the fixed-effects within regression conforms
to the recent suggestions of Abadie & Spiess (2021) who argue that standard errors in
CDiD applications are biased if the matching is not done without replacement and the
subsequent regression does not include all covariates used for the matching. We therefore

believe that we establish state-of-the-art inference.

3 Data Sources and Descriptive Statistics

3.1 Data sources

The empirical analysis is based on detailed firm—level information covering balance sheet
and income statement data combined with information on patents owned by the respective
firms. Moreover, the analysis utilizes information on pledged patents. The registration of

pledged patents is determined by the national patent law and is not mandatory in most



countries. However, the Swedish and Dutch patent offices are one of the few national
patent offices where the registration of collateralized patents is mandatory (Ministry of
Justice Stockholm 1967, The Minister of Justice Den Haag 1995). Thus, we restrict our
sample to Swedish and Dutch firms.

To construct our data, we make use of the Orbis Global and Orbis IP databases
combining rich firm-level and patent-level information. Importantly, Orbis does not only
cover listed companies but also private firms. We obtained historical financial data to-
gether with filed patents for all Dutch and Swedish companies. Second, we gained access
to detailed information about all pledged national patents and valid EP-patents from
the Dutch and Swedish Patent Offices. The database contains information about the
date the patent was pledged and the patent owner at the pledging date. Information
on pledgors covers firm names and addresses, allowing us to match patent pledgors with
historical financial data and information on non-pledged patents from Orbis IP. Third,
we gather data on the number of forward citations for all patents from PATSTAT.? The
total number of forward citations that patents receive is a common proxy for the quality
or technological importance of patents (Trajtenberg 1990, Hall et al. 2001). We average
the number of forward citations over firms’ annual patent stocks to proxy the quality of
the entire patent portfolio.

Finally, we construct two separate panels for Swedish and Dutch firms, containing
detailed financial data together with their stock of patents, the average number forward
citations of the patent portfolio and the number of pledged patents on a yearly base.
The patent stock is constructed according to the pertpetual inventory method. This
means it measures the accumulated yearly number of patent applications of the focal
firm depreciated at a rate of 15 percent as common in the literature (Cuneo & Mairesse

1983).

2We normalize the total number of forward citations by the average number of citations patents
receive with the same filing year and technical field.



3.2 Descriptive Statistics

We restrict our data to patenting firms, as non-patenting firms are considered irrelevant
for the treatment effects analysis. Furthermore, we have dropped all sectors in which no
firm pledged a patent in our period under review. Finally, all financial variables have
been trimmed at the 1% level on each side of the distribution to eliminate influential
observations.?

The final Dutch sample includes 8650 non-pledging firms and 186 patent-pledging
firms observed between 1994 and 2018. Firms in the sample pledged patents between
1995 and 2017. In total, the Dutch panel contains about 100,000 firm-year observations.
The Swedish sample includes 7226 non-pledging firms and 130 patent pledging firms
observed between 1997 and 2018. Firms in the sample pledged patents between 1998 and
2016. For Sweden, our final data contains almost 90,000 firm—year observations.

Tables 1 and 2 show the summary statistics for the sample of Dutch and Swedish
patent-pledging firms and patentees that do not pledge any patent, respectively. Patent-
pledging firms in Sweden and the Netherlands show a similar age structure with an average
of around 20 years. However, Swedish pledgors are larger then their Dutch counterparts,
showing on average more employees and total assets. Non-pledging firms differ in all
dimensions from firms offering patents for loan collateral, which suggest a selection of
firms into the group of pawners. To address potential selection effects, we conduct a
matching analysis to balance the covariates among the treatment and selected control

group in the pre-treatment period.

3.3 Matching

Tables 3 and 4 show the descriptive statistics for non-pledging firms and pledging firms in
the year before patents have been pledged, i.e. the pre-treatment period. Both samples
include only the first pledging event per firm since subsequent patent pledging of firms
might be endogenous. The mean values of the debt variable and all covariates are statisti-

cally different between the groups in the unmatched samples (Tables 4 and 3). To balance

3The debt variable has been trimmed at 2% level due to high number of outliers.



the covariates between patent-pleding and non-pledging firms, we apply a Mahalanobis
distance match on pre-treatment debt, equity, firm age, patent stock (and its square to
assign more weight to this variable in the matching procedure), and the number of for-
ward citations of firms’ patent portfolios. We require an exact match on the economic
sector and year. The matching is implemented as nearest neighbor matching in which we
draw up to two neighbors per treated firm. We include a caliper to avoid distant matches
which might induce bias otherwise. Tables 3 and 4 show the same descriptive statistics
after the matching process. The matched sample of Dutch firms includes 141 pledgors
matched to 275 similar non-pledging firms. The matched sample of Swedish firms include
126 patent pledgors matched to 248 non-pledging firms. There are no significant differ-
ences between the groups for the matched variables. Consequently, patent pledging and
non-pledging firms are observably similar with respect to firm characteristics determining
their access to debt.

Tables 5 and 6 show the summary statistics for the matched sample of patent pledg-
ing firms, separated for the pre- and post-treatment period. The average debt levels
increases signficiantly in the period following the colleratization of patents. However,
other observable firm characteristics including equity, the number of employees, and the
number of patents are higher in post-treatment periods as well. Therefore, the increase
in debt levels could be partially explained by an increase in the size of firms. The follow-
ing difference-in-difference analysis will include controls for firm’s equity, employment,
patent stock, and the number of forward citations of firms patent portfolio thus, account

for potential size effects and effects driven by differences in patents value.



4 Estimation Results

4.1 Main Results

Table 7 presents the empirical results for the CDiD regressions on the impact of a patent
pledging on the debt level for the matched sample of Dutch firms. The first two columns
show the results with and without controls for the CDiD estimation. Columns 3 and
4 show the results with and without controls for the dynamic CDiD estimation taking
pre-treatment dummies into account. The variable of interest "post pledge" shows a
positive sign with highly significant coefficients at the 5% level. Thus, firms significantly
increase debt finance after pledging patents. In terms of magnitude, patent pledging firms
increase debt by about 34%* relative to the counterfactual situation in which no patent
would have been used as collateral.

Figure 1 graphically visualizes the estimated coefficients of the "dynamic" difference-
in-difference analysis. Both coefficients of pre-treatment indicators are insignificant.
Thus, we find no evidence for diverging trends between pledging firms and control groups
of non-pledging firms in years prior the pledging event. Consequently, the estimated
treatment effects are unlikely to be driven by firm specific trends in debt finance for pre-
treatment periods. Most importantly, the graph shows a significant jump for firms’ debt
levels in post-treatment periods starting in the year of the pledging event. This shows
that Dutch firms increase debt immediately after the patent collaterlization.

Table 8 presents the empirical results for the difference-in-difference regression con-
cerning the impact of a patent pledging event on debt level for the matched sample of
Swedish firms. The first two columns show the results with and without controls for the
simple difference-in-difference estimation. Column 3 and 4 show the results with and with-
out controls for the dynamic difference-in-difference estimation, respectively. The average
treatment effects for the Swedish sample are smaller than for the Dutch sample. Patent
pledging firms in Sweden increase debt by about 20%. Interestingly, post-treatment ef-

fects are only significant starting the second and third year following the pledging event.

1100 x (92 — 1)



Thus, the increase in debt occurs mainly in the third year after patents have been pledged.
A possible explanation for the delay might be that collateralized loans are only taken up
sequentially and not in full amount immediately. This is common in, for example, loan
contracts for buildings that are under construction.

Control variables for employment and firms patent stock show a positive coefficient in
both samples. This is in line with the financial literature that defines firm size as the main
determinant of firms’ access to debt (Hadlock & Pierce 2010). Furthermore, the positive
coefficient for the patent stock confirms (Hottenrott et al. 2016) findings on the signaling
value of patents to external investors. Our results show that a one percent increase in
firms’ patent stock is associated with a 17% increase in the debt levels of Dutch firms and
37% increase in the debt levels of Swedish firms. Thus, Dutch firms can increase their
debt by pledging patents more than their Swedish counterparts. However, the signaling
value of patents seems to be more pronounced in Sweden. Last, the coefficients for the
number of forward citations on the portfolio level show different signs for the Dutch
and Swedish samples. This is likely due to the strong correlation with the patent stock

variable.?

SUnreported results where we include controls individually show a postive sign for the number of
forward citations on the portfolio level in both samples. This is in line with the expectation that patents
with higher underlying technological quality (value) are more likely to be pledged.
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4.2 Placebo Test

A key assumption for the difference-in-difference analysis is the common trend assump-
tion. In our setting, this means that in the absence of a patent pledging event, the debt
levels of treatment and controls groups should have followed the same trend. To fur-
ther prove the validity of our empirical design, we performe a placebo test for randomly
assigned "fake" pledging events in the pre-treatment period of patent pledging Dutch
and Swedish firms.® Afterwards the assignment of fake pledging events, we estimate the
identical difference-in-difference analysis applied in our main analysis. The idea of this
placebo test is that the fake pledging event should not alter firms’ debt level if the firms
follow the same trend in debt finance.

Tables 10 and 12 show the results of the difference-in-difference analysis using "fake"
patent pledging events in pre-treatment periods for Sweden and the Netherlands recep-
tively. In both samples the treatment indicator "post pledge" show a small and insignif-
icant coeflicient. Hence, fake pledging events in pre-treatment periods do not alter firms’
debt level. This further supports the assumption that firms in our main analysis follow
the same trend in debt finance in years prior the patent pledging event, and that our

actual treatment effects estimations are indeed causal.

6"Fake" pledge events have been assigned for each patent pledging firm at a random year prior the
actual pledging event.
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5 Conclusion

It is well known that many innovative companies are financially constrained. The litera-
ture shows that patents can mitigate such financial frictions through their signaling value
by reducing information asymmetries between borrowers and lenders. However, patents
can also serve as loan collateral and thereby improve firms’ access to debt. This collateral
channel has attracted surprisingly little attention in the existing literature.

In this paper, we estimate the impact of patent-pledging on firms’ debt level using a
quasi-experimental set-up by implemting conditional difference-in-difference regressions.
Thus, we provide causal evidence for the increase in firms’ debt capacity through the
pledging of patents. We show for a sample of Dutch and Swedish patent filing firms that
the patent pledging event causes an increase in the level of debt by about 34% for Dutch
pawners and about 20% for Swedish pawners.

It is possible to translate our marginal effects into monetary values by multiplying
the effect size with the firms’ debt level prior to the pledging event. This implies that
Dutch (Swedish) firms were able ro raise, on average, 1.38 (1.24) million additional euros
debt by offering patents as loan collateral. However, our descriptive statistics show that
only a few patent-filing firms pledged their patents compared to the number of patent-
owning firms. This implies that innovators in Sweden and the Netherlands currently
do not exhaust all financing opportunities. Specifically, non-pledging Dutch (Swedish)
firms could raise addtional 5.1 billion euro (13.4 billion euro) external funding in total by

offering their patents as loan collateral, all else constant.
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We can also revisit prior findings on the positive signaling value of patents. Our
results show that firms patent stock is associated with a 17% increase in the debt levels
of Dutch firms and 37% increase in the debt levels of Swedish firms. In monetary terms,
this means that the signaling value of pledged patents can explain an average increase in
debt of 594 thousand euro for Dutch firms and an average increase in debt of 1.8 million
euro for Swedish firms.” This suggests that the collateral value of patents exceeds their
signaling value for firms in the Netherlands but not for firms in Sweden.

Finally, our results can also seen as contribution to the literature on patent valuation
that, for example, assesses marginal effects of (quality—weighted) patent stocks on firms’
market value. We offer a new method to assess minimum values of patent portfolios
as our estimated treatment effects may reflect the value of patents to the extent that a
lender commits additional financial resources for patents being used as collateral.

There are some important limitations to our results. First, companies do not pledge
patents at random. Since we were unable to find a suitable instrument for the pledging
event®, we applied a CDiD regression for a matched sample to mitigate selection effects.
However, the matching of a similar control group of non-pleding firms is based on ob-
servable firm characteristics. Thus, we cannot exclude the possibility that unobserved
firm characteristics drive both firms’ access to debt and the decision to pledge patents.
Second, our empirical analysis is based on Dutch and Swedish firms which limits the

generalizability of our results to countries with a similar economy and legal framework.

"The calculation of the signaling value is based on the average patent stock prior to the pledging
event which is equal to 1.69 (2.91) in the Netherlands (Sweden). Adding the average number of pledged
patents (2.26 in the Netherlands and 3.53 in Sweden) leads to an increase in the patent stock by 84.9%
(79.44%) in the Netherlands (Sweden). Consequently, the increase in the patent stock by the number of
pledged patents corresponds to an increase in debt by about 14% (29%) for Dutch (Swedish) firms.

8We have tried to use variation in real estate prices at the location of the companies, the distance
between firms and their national patent office, regional variation in the share of relationship banks to
total banks and weather shocks at the firm’s location. However, neither of the purposed instruments
significantly explained patent pledging.
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Appendices

Table 1: Summary statistics for the Dutch sample

Patent pledging firms Non-pledging firms

N Mean  Std. Dev. Min Max N Mean  Std. Dev. Min Max
Debt 1731 7940.23 14764.48 0.16 116128.38 99287 4498.24 13510.72 0.10 160524.00
Equity 1731 4329.86 8416.49 0.00 68734.73 99287 4259.89 19074.73 0.00 405889.00
Employees 1155  92.74 169.85  1.00 1393.00 61087  62.25 2565.55  1.00 40045.00
Age 1731 22.84 23.28 0.00  116.00 99287  22.16 22.90 0.00  314.00
Patentstock 1731 2.19 2.98 0.00 24.78 99287  1.13 12.13 0.00  1035.30
Forward Cites 1731  0.24 0.31 0.00 2.15 99287  0.17 0.40 0.00 13.37
N 1731 99287

8650 non-pledging firms and 186 patent pledging firms observed between 1994 and 2018. Firms pledge patents between 1995 and
2017. All monetary values are in Thd. Euros.

Table 2: Summary statistics for the Swedish sample

Patent pledging firms Non-pledging firms

N Mean  Std. Dev. Min Max N Mean  Std. Dev. Min Max
Debt 1439 10484.09 27095.14 1.02 196236.00 86890 4922.64 17076.80 0.87 204978.81
Equity 1439  7304.02  18187.47 0.00 189014.34 86890 4424.33 17932.23 0.00 372612.00
Employees 1365  89.24 233.53  0.00 2196.00 80990  50.77 19270 0.00  9387.00
Age 1439  20.09 18.40 0.00  119.00 86890  21.77 19.29 0.00  119.00
Patentstock 1439 2.97 5.80 0.00 48.62 86890  1.20 5.58 0.00  344.16
Forward Cites 1439 0.36 0.39 0.00 2.76 86890  0.18 0.38 0.00 14.31
N 1439 86890

7226 non-pledging firms and 130 patent pledging firms observed between 1997 and 2018. Firms pledge patents between 1998 and
2016. All monetary values are in Thd. Euros.
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Table 3: Summary statistics for the matched sample of Dutch firms

Unmatched Matched
Pledgor Control p>|t|] Pledgor Control p>|t|
Equity 3948.49 2219.45 0.003 1514.86 1463.69 0.891
Debt 8096.03 3561.73 0.000 3090.16 2660.70 0.365
Age 18.77 21.73  0.074  14.97 14.44  0.760
Patentstock 243 1.00  0.000 1.79 147 0.129

Patentstock? 15.75 94.45  0.007 7.27 5.83 0.624
Forward Cites 0.20 0.13 0.000 0.17 0.16 0.690

N 186 89452 141 275

All monetary values are in Thd. Euros.

Table 4: Summary statistics for the matched sample of Swedish firms

Unmatched Matched
Pledgor Control p>|t| Pledgor Control p>|t]
Equity 0742.14 3632.01 0.173 3537.67 2463.21 0.332
Debt 8966.81 4649.05 0.075 4586.21 2604.76 0.105
Age 14.45 21.52  0.000 13.83 13.52  0.852
Patentstock 2.71 1.16 ~ 0.000  2.57 1.88  0.121

Patentstock? 26.00 27.80 0.838  23.93 15.89  0.406
Forward Cites 0.30 0.14 0.000 0.29 0.26 0.258

N 130 80560 126 248

All monetary values are in Thd. Euros.
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Table 5: Summary statistics for patent-pledging Dutch firms

Pre-pledge Post-pledge till t=4

N Mean Std. Dev. Min Max N Mean Std. Dev. Min Max
Debt 199 4116.55  4579.17 0.18 20247.23 276 4864.92 8534.10 8.24 79489.00
Equity 199 2031.51  3190.27 0.00 16733.63 276 1979.23 3625.46 0.00 22379.90
Employees 199  35.77 48.72 1.00 239.00 276 30.87 47.43 1.00  300.00
Age 199  17.69 18.25 1.00 99.00 276 20.09 19.75 1.00  103.00
Patentstock 199 1.69 2.01 0.00 18.21 276 1.57 1.83 0.04 15.48
Forward Cites 199 0.22 0.30 0.00 2.15 276 0.22 0.31 0.00 2.15
+# Patents 199 3.78 4.98 0.00 46.00 276 4.53 6.11 1.00 46.00
# Pledged patents 199 0.00 0.00 0.00 0.00 89 2.26 2.34 1.00 17.00
N 199 276
All monetary values are in Thd. Euros.

Table 6: Summary statistics for patent-pledging Swedish firms
Pre-pledge Post-pledge till t=4

N Mean Std. Dev. Min Max N Mean  Std. Dev. Min Max
Debt 241 6303.78 13409.71 2.93 94418.00 401 6973.39 18888.17 3.03 133773.00
Equity 241 5659.17 15345.72 0.00 121260.00 401 4361.43 11113.04 0.00 80792.09
Employees 241  74.53 186.29 0.00 1114.00 401 60.65 167.02 0.00 1342.00
Age 241  16.16 16.59 1.00 78.00 401  16.91 15.92 1.00 81.00
Patentstock 241 2.91 4.38 0.00 27.60 401 2.68 4.79 0.05 33.46
Forward Cites 241 0.39 0.40 0.00 2.19 401 0.37 0.38 0.00 2.23
# Patents 241 6.47 10.43 0.00 47.00 401 6.67 11.29 1.00 67.00
# Pledged patents 241 0.00 0.00 0.00 0.00 126 3.53 6.21 1.00 43.00
N 241 401

All monetary values are in Thd. Euros.
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Table 7: Difference-in-difference regression estimating the impact of patent pledging on
debt level in the Netherlands

Diff-in-Diff Dynamic Diff-in-Diff
Dep. Variable: Log(Debt) Log(Debt) Log(Debt) Log(Debt)
post_pledge 0.28%** 0.29%**
(0.11) (0.099)
pre(t2) pledge -0.064 -0.059
(0.18) (0.16)
pre(tl) pledge 0.016 0.0047
(0.17) (0.16)
post(tl) _pledge 0.32%% 0.32%*
(0.15) (0.14)
post(t2) pledge 0.39%* 0.39%*
(0.16) (0.16)
post(t3) pledge 0.28 0.30*
(0.17) (0.17)
post(tdf)_pledge 0.11 0.11
(0.19) (0.18)
Log(Equity) -0.021%** -0.019%**
(0.0041) (0.0041)
Log(Employees) 0.24%%% 0.25%**
(0.035) (0.035)
Log(Patent__Stock) 0.17%%* 0.15%**
(0.056) (0.056)
Log(Forward_Cites) 0.76** 0.76**
(0.31) (0.31)
Year FE YES YES YES YES
Firm FE YES YES YES YES
F 7.09 25.8 3.32 14.5
R-squared 0.82 0.83 0.82 0.83
N 2669 2669 2669 2669

This table presents the results for the difference-in-difference regression estimating the
impact of patent pleding on firms’ debt level. Regression accounts for sampling weights.
Robust standard errors are reported in parentheses.

*p < 0.10, ¥* p < 0.05, *** p < 0.01
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Table 8: Difference-in-difference regression estimating the impact of patent pledging on
debt level in Sweden

Diff-in-Diff Dynamic Diff-in-Diff
Dep. Variable: Log(Debt) Log(Debt) Log(Debt) Log(Debt)
post_pledge 0.30%** 0.18%*
(0.080) (0.071)
pre(t2) pledge -0.15 0.035
(0.16) (0.13)
pre(tl) pledge -0.072 -0.011
(0.14) (0.13)
post(tl) _pledge 0.17 0.14
(0.11) (0.10)
post(t2) pledge 0.11 0.12
(0.14) (0.12)
post(t3) _pledge 0.3 (0.28%#*
(0.12) (0.10)
post(tdf)_pledge 0.31%** 0.21%*
(0.10) (0.088)
Log(Equity) 0.013 0.014
(0.0091) (0.0093)
Log(Employees) 0.61%** 0.58*#*
(0.033) (0.034)
Log(Patent _Stock) 0.37** 0.417%%*
(0.044) (0.051)
Log(Forward_ Cites) -0.53%** -0.57FF*
(0.16) (0.17)
Year FE YES YES YES YES
Firm FE YES YES YES YES
F 14.3 111.4 4.12 49.4
R-squared 0.88 0.91 0.88 0.91
N 4119 4119 4119 4119

This table presents the results for the difference-in-difference regression estimating the
impact of patent pleding on firms’ debt level. Regression accounts for sampling weights.
Robust standard errors are reported in parentheses.

*p < 0.10, ¥ p < 0.05, ¥*** p < 0.01
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Figure 1: Coefficient plots for the dynamic difference-in-difference estimation using the
Dutch sample
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Figure 2: Coefficient plots for the dynamic difference-in-difference estimation using the
Swedish sample
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Table 9: Summary statistics for the Dutch placebo sample

Patent pledging firms Non-pledging firms

N Mean Std. Dev. Min Max N Mean Std. Dev. Min Max
Debt 1731 7940.23 14764.48 0.16 116128.38 99287 4498.24 13510.72 0.10 160524.00
Equity 1731 4329.86 8416.49 0.00 68734.73 99287 4259.89 19074.73 0.00 405889.00
Employees 1155  92.74 169.85 1.00 1393.00 61087 62.25 255.55 1.00 40045.00
Age 1731 22.84 23.28 0.00 116.00 99287  22.16 22.90 0.00 314.00
Patentstock 1731 2.19 2.98 0.00 24.78 99287 1.13 12.13 0.00 1035.30
Forward Cites 1731 0.24 0.31 0.00 2.15 99287 0.17 0.40 0.00 13.37
N 1731 99287

The sample includes 9064 non-pledging firms and 191 patent pledging firms with randomly assigned pledging events observed between
1994 and 2018. True pledging events have been replace by fake pledging events in periods prior the actual patent pledging event.
Periods after the patent pledging events of patent pledging firms have been dropped. All monetary values are in Thd. Euros.

Table 10: Difference-in-difference regression estimating the impact of a fake pledging
events in pre-treatment periods on debt level in the Netherlands

Diff-in-Diff
Dep. Variable: Log(Debt) Log(Debt)
post_pledge -0.072 -0.10
(0.087)  (0.085)
Log(Equity) -0.015%**
(0.0013)
Log(Employees) 0.25%**
(0.0081)
Log(Patent _Stock) 0.267%**
(0.015)
Log(Forward_Cltes) 0.29%*
(0.064)
Year FE YES YES
Firm FE YES YES
F 0.69 313.9
R-squared 0.86 0.87
N 56148 56148

This table presents the results for the difference-in-
difference regression estimating the impact of fake patent
pledging events on firms’ debt level. egression accounts for
sampling weights. Robust standard errors are reported in
parentheses.

*p < 0.10, ** p < 0.05, ¥** p < 0.01
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Table 11: Summary statistics for the Swedish placebo sample

Patent pledging firms Non-pledging firms

N Mean  Std. Dev.  Min Max N Mean  Std. Dev.  Min Max
Debt 410 10432.37 30002.43 1.60  203694.00 88952 5071.65 17566.38 0.87  204978.81
Equity 425 12868.55 36311.79 -120.00 364397.19 97825 5220.08 22824.25 -129.52 372612.00
Employees 413 179.35 589.17 0.00 4929.00 91193  63.60 330.17 0.00 40567.00
Age 441 15.44 18.23 0.00 100.00 98866  21.58 19.36 0.00 120.00
Patentstock 441 4.02 11.31 0.00 125.27 98866  1.31 6.83 0.00 410.56
Forward Cites 441 0.36 0.37 0.00 2.19 98866  0.19 0.38 0.00 14.31
N 441 98866

The sample 7500 non-pledging firms and 123 patent pledging firms with randomly assigned pledging events observed between 1997 and
2018. True pledging events have been replace by fake pledging events in periods prior the actual patent pledging event. Periods after the
patent pledging events of patent pledging firms have been dropped. All monetary values are in Thd. Euros.

Table 12: Difference-in-difference regression estimating the impact of a fake pledging
events in pre-treatment periods on debt level in Sweden

Diff-in-Diff
Dep. Variable: Log(Debt) Log(Debt)
post__pledge -0.15* -0.11
(0.087) (0.076)
Log(Equity) 0.011%%*
(0.0023)
Log(Employees) 0.65%**
(0.011)
Log(Patent__Stock) (0.227%%*
(0.012)
Log(Forward_Cltes) 0.16%**
(0.047)
Year FE YES YES
Firm FE YES YES
F 2.84 1031.9
R-squared 0.88 0.91
N 75492 75492

This table presents the results for the difference-in-
difference regression estimating the impact of fake patent
pledging events on firms’ debt level. egression accounts for
sampling weights. Robust standard errors are reported in
parentheses.

*p < 0.10, ** p < 0.05, ¥** p < 0.01
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