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ABSTRACT

We examine the impact of innovation disclosure through patenting on firms’
cost of debt, focusing on the American Inventors Protection Act (AIPA) as an
exogenous shock in innovation disclosure regulation. Post-AIPA, firms have an
incentive to apply for patents only if commercial success is likely. Accordingly,
we expect post-AIPA patents to be a better proxy for successful innovation activ-
ity, and thus to have a stronger effect on reducing the cost of debt than pre-
AIPA patents. Indeed, we find that pre-AIPA patents reduce the cost of debt only
for the most innovative firms, while post-AIPA, this effect holds for all firms.

JEL Codes: G21; G32; O32; O38
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I. INTRODUCTION

We assess the effect of patenting activity on reducing innovative firms’ cost of
debt. Financing innovation by debt is inherently complex. First, innovative
firms’ assets have lower collateral value, as they are more dependent on intangi-
bles, such as patents and human capital (Hall 2010). Second, it is difficult to
value innovative firms due to cash-flow volatility. That is, it is difficult to evalu-
ate whether patent applications will be successful and generate cash flows.

A growing body of academic literature suggests that bank financing is an impor-
tant source of external capital for innovative firms (Kerr and Nanda 2015). In the
context of bank financing, the risk of innovation failure and the uncertainty of
R&D investment payoffs are potential sources of asymmetric information
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problems, which are typically associated with reduced access to credit
(Hu et al. 2017) as well as higher loan spreads (Francis et al. 2012). Instead of for-
going value-creating R&D investments, however, innovative firms can use patents
to signal the quality of their inventions and thus attempt to alleviate these asym-
metric information problems and ease access to credit (Bhattacharya and Ritter
1983; Francis et al. 2012; Lin et al. 2017). Yet, there is a trade-off between innova-
tion disclosure through patents and secrecy, as disclosure might enable competi-
tors to obtain valuable technical knowledge (Hall et al. 2014).

We test the impact of innovation disclosure through patents on the cost of
debt by exploiting an exogenous change in innovation disclosure: the imple-
mentation of the American Inventors Protection Act (AIPA) of 1999. AIPA
requires US patent applications filed on and after November 29, 2000 to be pub-
lished by the government 18 months after the application date. In the pre-AIPA
period, patents became public only after they were granted, allowing firms to
file as many patents as they wished as a way of trying to avert competition, real-
izing it would take a long time before the content of their patent applications
would be revealed to the market and competitors could learn from it. In con-
trast, in the post-AIPA period, firms are required to disclose information, even if
the patent is not granted eventually. For this reason, firms are expected to have
an incentive to apply only for those patents of which they are relatively certain
that they will result in a commercial marketplace success; otherwise, the details
of their R&D investments would be revealed to the market, without the firm
being able to capitalize on them. Hence, our testable hypothesis is that patents
have become a better proxy for successful innovation and therefore have a
stronger effect on reducing innovative firms’ cost of debt as measured by their
loan spreads in the post-AIPA period as compared with the pre-AIPA period.1

II. DATA AND METHODOLOGY

We examine the effect of innovation disclosure on the cost of debt for firms in
five innovative industries, which are characterized by high patenting propensi-
ties relative to most other industries (Mansfield 1986), and which have been
the focus of prior research (Plumlee et al. 2015). In particular, we examine che-
micals and allied products (Standard Industrial Classification (SIC) 28), indus-
trial and commercial machinery and computer equipment (SIC 35), electronics
and communications (SIC 36), transportation equipment (SIC 37), and instru-
ments and related products (SIC 38).

1 In order to protect small inventors, AIPA includes an opt-out clause under which inventors
can preserve pre-grant secrecy beyond 18 months, but forgo foreign protection. If many of
our borrowers use this opt-out clause, granted patents will remain a weak signal for successful
innovation. Thus, the opt-out clause has the potential to mitigate against our predicted effect.
However, Graham and Hegde (2015) report that <8% of US patent applications make use of
the opt-out, with large US inventors (i.e. our borrowers) opting out less frequently than small
US inventors. Therefore, we do not expect that the opt-out clause will substantially affect our
results.
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We compile our dataset as follows. We obtain loans raised by publicly listed US
firms from the above-mentioned industries from the Loan Pricing Corporation’s
DealScan database. We define our dependent variable, the cost of debt, as the all-
in-drawn spread above the London Interbank Offered Rate (LIBOR). We collect pat-
ent data for these borrowers from the Worldwide Patent Statistical Database
(PATSTAT, version Autumn 2016). We consider patents that were eventually
granted and end our sample period in 2013 because many later patent applications
are still under revision (Hall et al. 2001). We consider the patent application year as
it reflects the actual timing of innovation (Griliches 1990). We define two proxies:
Ln(1 + Patents), reflecting the number of granted patents, and PatentD, a dummy,
which is equal to 1 if the borrower has at least one patent application that is even-
tually granted and zero otherwise. Following prior innovation literature
(e.g. Atanassov 2013), we set the patent count to zero when no patent information
is available. We also include loans to firms with no patents to alleviate any possible
sample selection concerns. Finally, we include various loan-specific and borrower-
specific control variables from DealScan and Compustat in our empirical model.
Patent and borrower variables are observed in the year before loan signing (Francis
et al. 2012). The final sample includes 6654 loans raised by 1095 US borrowers
between 1985 and 2013. Table 1 summarizes our variable definitions and sources.

The shock to innovation disclosure related to AIPA provides us with a natural
experiment in which we can compare the effect of patents on innovative firms’
cost of debt before and after the implementation of the law. In particular, we
hypothesize that the implementation of AIPA strengthens the negative relation
between patents and firms’ loan spreads because patents are considered to be a
better proxy for successful innovation after the implementation of this law. To
differentiate the effect of patents on loan spreads before and after the passage of
the law, we divide our sample into a pre-AIPA period that ranges from 1985 to
2000 and a post-AIPA period that ranges from 2001 to 2013. For each subsample,
we separately estimate an Ordinary Least Squares (OLS) regression model. We
also estimate a difference-in-difference regression model for the full period.

Table 2 provides summary statistics and shows that the firms included in our
sample are large with an average nominal asset size of $1.7 billion in the pre-
AIPA period and $5.0 billion in the post-AIPA period. The average loan
amounts to $192 million with a spread of 224 bps above LIBOR pre-AIPA which
rises to $412 million with a spread of 238 bps above LIBOR post-AIPA. The
average firm applies for 11.5 and 5.6 granted patents per year during the pre-
and post-AIPA period, respectively. The cross-sectional variation is substantial.
Pre-AIPA, 66% of loans are raised by borrowers that did not apply for any pat-
ents. Post-AIPA, this fraction rises to 81%. In contrast, the most innovative firm
in our sample applies for 856 patents per year in the pre-AIPA period and
791 patents per year in the post-AIPA period. This reduction in granted patents
is in line with our expectation that after the implementation of AIPA, firms will
apply only for patents of which they are relatively certain that they will result
in a commercial marketplace success.

© 2018 International Review of Finance Ltd. 2018 643
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III. RESULTS

Table 3 presents our results. In regressions (1)–(16), the coefficients of Ln
(1 + Patents) and PatentD are of interest and indicate that only in the post-AIPA
period, patents have a significantly negative effect on loan spreads. These

Table 1 Variable definitions and sources

Variable Definition

Innovation measures (PATSTAT)
PatentD Dummy = 1 if the borrower has at least one patent application

that is eventually granted, 0 otherwise. Granted patents are
patent applications that are made in the year before loan
signing and that are eventually granted

Ln(1 + Patents) Natural logarithm of one plus the number of granted patents
Borrower characteristics (Compustat)

Firm Size Natural logarithm of total assets (AT) in US$ million
Leverage Book value of total debt (DLTT + DLC) divided by book value

of total assets (AT)
Liquidity The difference between current assets (ACT) and inventories

(INVT) divided by current liabilities (LCT)
Profitability Operating income before depreciation (OIBDP) divided by total

assets (AT)
R&D Expenditures R&D expenditure (XRD) divided by sales (SALE)
High R&D IntensityD Dummy = 1 if loan is raised by a borrower with an R&D

intensity above the 90th percentile in pre-AIPA or post-AIPA
period, respectively, 0 otherwise

Altman’s Z-score The score is calculated as Z = 1.2 * working capital/total
assets + 1.4 * retained earnings/total assets + 3.3 * earnings
before interest and tax/total assets + 0.6 * market value of
equity/book value of liabilities + 1.0 * sales/total
assets = 1.2 * WCAP/AT + 1.4 * RE/AT + 3.3 * EBIT/
AT + 0.6 * CSHO * PRCC_F/LT + 1.0 * SALE/AT

High Default RiskD Dummy = 1 if loan is raised by a borrower with an Altman’s
Z-score at or below the 25 percentile in pre-AIPA or post-AIPA
period, respectively, 0 otherwise

Industry FE Dummies identifying borrower’s industry at two-digit SIC level
Loan characteristics (DealScan)

Spread All-in-spread drawn in bps over LIBOR
Ln(Loan Amount) Natural logarithm of the loan amount in US$ million
Ln(1+ Maturity) Natural logarithm of one plus loan maturity in months
CovenantsD Dummy = 1 if the loan has financial covenants, 0 otherwise
Term LoanD Dummy = 1 if the loan is a term loan, 0 otherwise
SecuredD Dummy = 1 if the loan is secured, 0 otherwise
Performance PricingD Dummy = 1 if the loan uses performance pricing, 0 otherwise
High Information
UncertaintyD

Dummy = 1 if the loan is raised by an unrated borrower,
0 otherwise

Rating FE Dummies identifying loan’s rating class including a dummy for
loans to unrated borrowers

Year FE Dummies identifying loan’s signing year

AIPA, American Inventors Protection Act.
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findings are consistent with the view that, under AIPA, firms have an incentive
to only apply for patents if the likelihood of commercial success is large. Other-
wise, they would risk revealing confidential information to the marketplace
without being able to reap the associated economic benefits. In the post-AIPA
period, lenders will thus have more certainty that pending patents will become
granted patents, making them (more) predictive for marketplace success and
future cash flows. As a result, lenders reward firms with more patenting activity
with lower spreads. These results hold for both patent proxies, indicating that
the effect is generally present, and not only driven by firms with a large number
of patents. Wald χ2 tests in Table 4 confirm that the coefficients of our patent
proxies are significantly different between the pre-AIPA and post-AIPA period.
All control variables have the expected signs. The post-AIPA effects are not only
statistically significant but also economically significant. Regression (13) shows
that the existence of granted patents reduces spreads by 16.32 bps. For the aver-
age borrower, this translates into interest payment savings of $672,212 per loan
per year. Regression (9) indicates that a one-standard deviation increase in the
number of patents reduces the spread for the average borrower by 38.6 bps lead-
ing to interest savings of $1.6 million per loan per year.

We also identify highly innovative firms as firms whose R&D expenditures as a
percentage of sales are in the highest decile (High R&D IntensityD) and expand our
regressions by including interaction effects between High R&D IntensityD and our
patent proxies. These interaction effects are significantly negative only pre-AIPA
and then only for the Ln(1 + Patents) proxy. Hence, we conclude that pre-AIPA,
when patents are only a weak proxy for successful innovation activity, patents can
reduce the cost of debt for those firms whose revenues are most sensitive to inno-
vation. However, post-AIPA, as the signaling quality of the patent information
improves, this benefit can be captured by all firms. Overall, these results suggest
that signaling innovation quality is the underlying mechanism through which
patents affect innovative firms’ cost of debt.

Table 4 Testing for differences in coefficients between pre- and post-AIPA periods

Regressions in
Table 1

Variable Estimated coefficients Wald test

Pre-AIPA Post-AIPA χ2 Significance level

(1) and (9) Ln(1 + Patents) 2.33 –5.52** 3.63* 0.057
(2) and (10) Ln(1 + Patents) 4.36 –5.99*** 5.86** 0.016
(3) and (11) Ln(1 + Patents) 1.36 –4.77** 5.22** 0.022
(4) and (12) Ln(1 + Patents) 2.43 –6.73*** 5.18** 0.023
(5) and (13) PatentD 6.85 –16.32** 4.22** 0.040
(6) and (14) PatentD 10.19 –20.10*** 7.41*** 0.007
(7) and (15) PatentD 13.58 –15.99** 3.57* 0.059
(8) and (16) PatentD 5.64 –21.48*** 5.69** 0.017

Notes: This table reports the results of Wald χ2 tests regarding the coefficient estimates reported in
Table 3. The test is based on a seemingly unrelated estimation model for the pre-AIPA and post-
AIPA periods and tests the null hypothesis of equal coefficients in both periods. *, **, and ***
denote significance at 10%, 5%, and 1%, respectively. AIPA, American Inventors Protection Act.
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Inspired by Plumlee et al. (2015), we also examine whether the relationship
between innovative firms’ cost of debt and patenting activity is stronger for bor-
rowers with a greater initial information uncertainty regarding future cash flows
or a greater initial default risk. We identify borrowers with a greater initial infor-
mation uncertainty as those who are unrated (High Information UncertaintyD)
and extend our regressions by including interaction effects between High Infor-
mation UncertaintyD and our patent proxies.2 We do not find that the effect of
patenting activity is different for borrowers with greater initial information
uncertainty. This result is consistent with Plumlee et al.’s (2015) finding that
for borrowers with greater initial information uncertainty, only the quality of
patenting activity as measured by patent citation count is associated with a
lower cost of debt, while the mere presence of patenting activity is not. Next,
we identify borrowers with a greater initial default risk (High Default RiskD) as
those with an Altman’s (1968) Z-score at or below the 25th percentile. In our
sample, these are borrowers having a Z-score at or below 1.59 pre-AIPA and
2.09 post-AIPA (1.84 in the full period). These values correspond closely to the
recommended cutoff level indicating financial distress of 1.81 as identified by
Altman (1968, 2000). We extend our regressions by including interaction
effects between High Default RiskD and our patent proxies.3 Although the rela-
tionship between High Default RiskD and innovative firms’ cost of debt has the
expected sign, we do not find that the effect of patenting activity on innovative
firms’ cost of debt depends on their initial default risk.

In regressions (17) and (18), we focus on the full period from 1985 to 2013.
Regression (18) can be considered a difference-in-difference model where loans
to borrowers with patents constitute the treatment group (PatentD = 1); loans to
borrowers without patents constitute the control group (PatentD = 0); and Post-
AIPA PeriodD is the treatment dummy. Considering our hypothesis, the interac-
tion effect PatentD * Post-AIPA PeriodD is of main interest here. The significance
of this interaction effect confirms that the signaling quality of the patent infor-
mation improves after the implementation of AIPA. The negative sign and mag-
nitude of this interaction effect indicate that the existence of granted patents
during the post-AIPA period reduces spreads by almost 25 bps. The results of
regression (17) lead to the same conclusion.4

We note that in some regressions, the explanatory power of our models is
relatively modest, with adjusted R2 values ranging from 28.2% in the pre-AIPA

2 Due to the rating fixed effects, there is no need to include High Information UncertaintyD itself
in the regressions.

3 In contrast to using credit ratings to estimate initial default risk, this approach does not suffer
from missing data.

4 In regressions (1)–(16), we observe substantial differences in the coefficients for High R&D
IntensityD for the pre-AIPA versus post-AIPA period. Hence, we also include an interaction term
High R&D IntensityD * Post-AIPA PeriodD. Also note that due to the inclusion of year fixed
effects, including the Post-AIPA PeriodD treatment dummy is not strictly necessary, but simply
leads to the omission of one additional year fixed effect while the coefficients of our patent
proxies and interaction effects are unaffected.
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period to 52.0% in the post-AIPA period. This observation suggests that besides
the variables of interest regarding a firm’s patenting activity and the set of con-
trols, other factors also affect innovative firms’ cost of debt. Although beyond
the scope of the current paper, one such relevant factor could be the quality of
a firm’s patenting activity as measured by its patent citation count (see,
e.g. Plumlee et al. 2015).

IV. CONCLUSION

We assess the effect of innovation disclosure through patents on reducing inno-
vative firms’ cost of debt using the AIPA as a natural experiment. The imple-
mentation of AIPA constitutes a significant change in innovation disclosure
regulation, with patent applications becoming public 18 months after filing,
whereas previously, patent applications were disclosed only after being granted.
We show that innovation disclosure through patenting activity only has a sig-
nificant effect on the cost of debt in the post-AIPA period. We propose signal-
ing innovation quality via patents as the underlying mechanism that explains
the negative relation between patenting activity and the cost of debt. In partic-
ular, whereas pre-AIPA, firms had an incentive to apply for a large number of
patents as a way of trying to keep out competition, post-AIPA firms have an
incentive to apply only for those patents about which they are relatively certain
that they will result in a commercial marketplace success.

The publication of patents may thus not only benefit society, in that it facili-
tates knowledge diffusion (Graham and Hegde 2015), but also provides firms’
private benefits in the corporate loan market in that it allows them to obtain
more favorable conditions from banks on their loans.
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