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Insider Trading and the Patent Application Process

Abstract

Although prior research finds that insider tradesmegyate abnormal returns, evidence on the
nature of information that insiders use in theiading decisions is scant. Extant studies
examining whether insider transactions are asstiatith significant future corporate events

assume that insiders have foreknowledge of thesmtgevex-ante when trading. The patent
application process provides a powerful researttingesince we can exploit knowing exactly

when insiders receive private information abouturfetgrants of high impact patents. Arguing

that insiders try to exploit the resulting infornest asymmetry, we predict and find that insiders
in R&D intensive industries trade on this privatdormation before the patent grant is publicly

disclosed. Further analyses show that this tradiebavior is concentrated in firms with a

relatively weaker information environment proxiedlbw analyst coverage.

We also investigate insider trading after the ddficpatent grant date, that is, after
information asymmetry between insiders and outsidepresumably dissolved. In case the stock
market reacts favorably to the patent disclosure expect and find insiders to sell shares
subsequent to the grant in order to cash in om ity holdings at a higher share price.

The results have implications for three distincéains of the literature. First, we contribute to
the discussion on the sources of insider tradirgfiterby documenting that insiders trade on
information asymmetries arising during the patepyligation process. Second, we complement
studies which show that equity incentives motivatenagers to invest in R&D by documenting
that insiders cash in on their equity packages &&P activities result in patentable inventions.
Third, we contribute to a discussion on the unaatits and information asymmetries that
accompany the patent application process by showhad) corporate insiders exploit these

information asymmetries for their personal tradilegisions.



1. Introduction

In this paper, we document that corporate insiderssearch and development (R&D) intensive
industries use their foreknowledge of high impaetept grants for their personal trading
decisions. Although prior literature shows thatides transactions yield abnormal returns
(Seyhun 1986; Rozeff & Zaman 1998; Coleeal. 2012), the nature of the information by which
these transactions are informed is still an opessgion. We find that private communication
between the firm and the United States Patent ©ffidSPTO) during the patent application
process represents an important source of privdennation that insiders trade on. In addition,
we find that insiders trade against stock markekeareaction and overreaction once information
about the patent reaches the market.

Prior research investigating the question whetmsiders trade on private information
necessarilyassumes that insiders have foreknowledge of future corpoevents that will have a
significant impact on share price. For example, éeal. (2003) find that insider trades are
associated with future breaks in strings of conseewearnings increases up to nine quarters
before these breaks and assume that executivestinavenowledge ex-ante when trading. The
patent application process provides a powerful aiede setting since we can exploit knowing
exactly when information asymmetry between insiders outsiders with respect to future patent
grants is greatest.

As soon as the USPTO decides that it will grantateqt and for how many of the patent
claims it provides legal protection,gtivately sends a notice of allowance to the applicant which
specifies the USPTO’s granting decisioRatent applications filed before November 2000ewer
not publicly disclosed until the patent grant date, which mehas outsiders only learned at the

grant date that a patent application existed aiadl thwas granted. Thus, insiders enjoyed a

1 In the US, one patent can ask protection for sgveatent claims. Patent claims are inventions thatapplicant considers
innovative enough to receive legal protection. Mheber and nature of claims constitutes the scbgeeqgatent.
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significant information advantage over outsiderse@o the American Inventors Protection Act
of 1999, patents applied for on or after Novemli&rZD00 are now disclosed within 18 months
of the patent application date (USPTO 199%jwus, if the USPTO sends the notice of allowance
later than 18 months after patent application, tlader new regulation, information asymmetry
between insiders and outsiders is reduced becautsel@rs can use the patent publication to
assess the probability that the patent will be tgdand which claims will receive protection. We
therefore select as our sample period the timerbedfe change in regulation so as to be able to
exactly identify when corporate insiders have pgevanowledge about future patent grants,
namely at the date the allowance is sent.

Using detailed data on insider trading behavior amgh impact patents granted to R&D
intensive firms between 1994 and 1999, we predidtfand evidence for strategic insider trading
behavior during the patent application proceSpecifically, our empirical results show that
insiders purchase significantly more shares in webkee and four after the patent allowance.
This finding implies that insiders indeed trade fameknowledge of patent grants but are
concerned about the legal jeopardy that might Iseaated with insider trading right after the
acquisition of significant private information. Foer analyses indicate that this trading behavior
is concentrated in firms with a weaker informatemvironment. This suggests that insiders in
R&D intensive firms can better use their foreknayge of patent grants when patent information
is less likely to be picked up by or communicateanalysts.

Next, we examine insider trading behavior after thetent grant date, that is, after
information asymmetry between insiders and outsitdepresumably dissolved. If, at the official

grant date, the stock market incorporates the vaiitlee patent into the share price, insiders will,

2 American Inventors Protection Act of 1999; Pulhlasv 106-113, 113 Stat. 1501
3 We focus on high-impact patents because patents lien shown to have an extremely skewed valwebdison (Jaffeet al.
2005). We classify patents as high impact basetth@number of forward citations a patent receives.
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ceteris paribus, generate paper gains on theitiegisquity portfolio. By timing share disposals
after the grant date, insiders can realize theperpgains. We expect and find that insider selling
after the official patent grant date is signifidgrgositively associated with cumulative abnormal
stock returns around the grant date.

We make contributions to at least three distirtetrditure streams. First, we contribute to the
discussion on the sources of insiders’ tradingifg¢Aboody & Lev 2000; Ket al. 2003; Bartov
& Mohanram 2004; Ahuja&t al. 2005; Piotroski & Roulstone 2005; Cheeigal. 2007; Huddart
et al. 2007; Coheret al. 2012; Veenman 2012) by documenting that insideptog information
asymmetries that are generated by the nature qfatest application process. In that respect, this
paper is most closely related to studies by Aht@.g2005) and Aboody and Lev (2000). Ahuja
et al. find that insiders purchase more sharekaryears that precede patent applications. Hence,
Ahuja et al. make the assumption that insiders ktiat the firm will apply for a patent, that the
patent will be granted, how many claims the paggant will protect and how the patent grant
will influence share price performance. Our stuslgifferent in at least two ways. First, we take
advantage of the powerful research setting by éxpdpour knowledge of the exact timing when
information asymmetry between insiders and outsigegreatest. Second, in contrast to Ahuja et
al. we also investigate insiders’ trading strategiace the patent has been officially granted. This
is important because we shed light on insider tiguddehavior once information asymmetry
between insiders and outsiders is presumably disdoMWe show that insiders cash in on their
existing equity holdings after information asymmygetlissolves at the grant date if the market
impounds the economic value of high impact patamnits the share price. We complement the
results presented in Aboody and Lev (2000) who sti@at insider trading profits are greater in
R&D intensive firms. While Aboody and Lev explaiheir result with increased information

asymmetry between insiders and outsiders, createdebuncertain nature of R&D investments,
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we shed light on the trading strategies and thengnof the trades through which insiders in
R&D intensive firms generate the abnormal tradingfigs reported in Aboody and Lev.

The second stream of literature that we contriliotés a young but rapidly growing one
which examines whether equity compensation mitgatesiders’ risk aversion and horizon
problems and motivates them to pursue strategesfdister innovation (Lerner & Wulf 2007,
Beyeret al. 2011; Francigt al. 2011; Manso 2011; Ederer & Manso 2012). While ¢h&tsidies
establish a link between ex-ante equity incentia@sl innovation output, we document a
relationship between innovation output and insideubsequent equity portfolio decisions. This
link is important because if insiders were not aboldérade on their knowledge of future patent
grants, their equity incentives would trigger lessovation efforts in the first place (cf. Bebchuk
& Fershtman 1994). Thus, we complement these stualyeproviding insights into the trading
strategies that insiders follow to cash in on themuity holdings once R&D activities have
generated patentable inventions.

Finally, we contribute to a discussion on the utameties and information asymmetries
created by the US patent application process. Whost patent applications will be granted in
some form, there is substantial uncertainty regarthe nature and number of claims that will be
granted (USPTO 2011). Gams al. (2008) show that this uncertainty delays the kbeg of
patent rights until the patent allowance is comroatad to the applicant who can then credibly
demonstrate the value of the patent to potentankees. Thus, while they find that the patent
allowance decreases information asymmetry betwkerpatent applicant and the licensee, we
show that insiders use thiecreased information asymmetry between themselves and eater
market participants for insider trading.

In this regard, the results reported in this pa&o point to a potentially beneficial side effect

of the American Inventors Protection Act (USPTO 9P9The act was intended to decrease
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information asymmetries between applicants andtaélgparties, and, hence, stimulate faster
knowledge dispersion (cf. Johnson & Popp 2003)c&mur sample spans the time before the act
came into force, the results imply that one coneaqge of the act is that it limits corporate
insiders in their ability to trade on private infoation regarding future patent grants. This is
because the date when the USPTO privately commigsi¢he allowance to the patent applicant
is likely to take place after the patent applicatisas been published. Publication of patent
application before the allowance date substantidjuces information asymmetries between
insiders and outsiders.

We proceed as follows: Section 2 provides an oeanaver the patent application process,
reviews the relevant literature and develops oysoltyeses. Section 3 describes the sample
selection procedure and methodology. Section 4udsses the main empirical results. Section 5

presents additional analyses and robustness testSextion 6 concludes.

2. Background and hypothesis development

In this section we give an overview of the Unitddt8s patent application process and elaborate
on how the nature of the process might influenseder trading strategies in patenting firms. As
discussed above, there are incentives for insiteteade both when information asymmetry is
greatest, that is when the allowance is privat@ynmunicated, and when it is presumably
resolved at the grant date. Figure 1 provides algeal illustration of the chronology of the
patent application process and the resulting oppdiés for insider trading. The two hypotheses,

which we test to examine the timing of insider ggdare reflected in this illustration.

--- Insert Figure 1 about here ---



2.1.Insider buying after the allowance date

The patent application process commences whendaridnal or corporation files an application
with the USPTO. The application contains a detadedcription of the invention, all prior art,
and the number and nature of the claims for whiehapplicant seeks protection. Although about
90% of patents applied for in the US eventually geinted in some form, there is significant
uncertainty about the number of claims that willgoanted. Only very few patents are granted as
filed (USPTO 2011). Once the patent examiner hasddd that the patent will be granted and
which claims will receive protection, the USPTO @& notice of allowance to the applicant. In
the following, we refer to the day on which the U&Psends the notice of allowance as the
allowance day. For our sample of high impact patetite median time span between the
allowance date and the application date is abouhdaiths. Although the notice of allowance is
not the official grant, this private communicatifvtom the USPTO to the applicant significantly
reduces the applicant’'s uncertainty about the daihat will receive protection (Garet al.
2008). Since this communication between the USPi®the applicant is private, outsiders only
learn at the grant date about the patent applicatia the nature of the claims granted. This is
when patent information is publicly disclosed antbrmation asymmetry between insiders and
outsiders presumably dissolves. For our sampleigif mpact patents, the median time span
between the grant date and the allowance dateastax months. Hence, corporate insiders
enjoy a substantial information advantage overidets which they can use to increase their
insider trading profits. As discussed above, theeAoan Inventors Protection Act mandates
early publication of patent applications for altgras applied for on or after November 29, 2000.
Hence, for these patents information asymmetry éetwinsiders and outsiders is likely to be

smaller.



Since there is great heterogeneity in the econamlige of patented inventions (Had al.
2005), we will focus on high impact patents, meadury the number of forward citations during
our analyses. We expect insiders to trade onlyhesd high impact patents since they are likely
to have significant consequences for future firmfggenance (Ahujaet al. 2005).

The setting described above is a powerful one $o fta insider trading based on private
information because we know precisely when thermédion asymmetry between insiders and
outsiders is greatest, which is on the allowancg tta contrast, prior literature investigating
insider trading in advance of events such as aneaalings innovations or analyst earnings
forecast changeassumes that insiders have knowledge of these events wedldvance of their
realization (Keet al. 2003; Piotroski & Roulstone 2005; Cheegal. 2007; Coheret al. 2012).
Our setting allows for a detailed analysis of iesidrading behavior when information
asymmetry is greatest and when it supposedly dissollThus, with the first hypothesis, we test
whether insiders trade on their private informataiyout future patent grants. We expect that
insider buying is more pronounced during the wesdksr the day a notice of allowance is sent

for a high impact patent. More formally:

H1. Insider buying is higher if it is preceded by the receipt of a notice of allowance for a high

impact patent.

2.2.Insider selling after the patent grant
Insiders also have incentives to trade after theenpagrant date, that is, after information
asymmetry between insiders and outsiders is prasiymesolved. As discussed above, the stock
market ultimately learns at the patent grant da@utthe existence of a patent application and

the nature of the rights that receive protectiohisTis especially the case for firms with low
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analyst coverage. When analyst coverage and, h#dre@formation environment is strong, the
market might learn about the existence of pendiagmt applications in advance of the grant
date? Even for firms with high analyst coverage themaas some uncertainty about the patent
application which is only resolved at the grantedétthe stock price increases in response to the
information presented in the patent disclosurehatgrant date, insiders can sell their shares at
higher prices. Thus, we expect that insider seibngcreasing in the abnormal returns around the

patent grant date.

H2. Insider selling after the grant of high impact patents is an increasing function of abnormal

returns around the grant date.

3. Sample selection, data, and methodology

In this study we use data on high impact patengitgd by the USPTO to US corporate
applicants in R&D intensive industries between 1884 1999. Patents granted during that time
period are unaffected by the American Inventorstdeton Act which came into force in
November 2000. We identify Chemicals and Allieddrets (SIC code 28), Industrial Machinery
and Equipment (35), Electronic and Electrical Equat (36), Transportation Equipment (37),
and Instruments and Related Products (38) as R&Mnsive industries. We focus only on high
impact patents because there is great heterogeardyskewness in the economic value of
patented inventions (Harho#t al. 1999; Hallet al. 2005; Jaffeet al. 2005). We identify high
impact patents based on the number of forwardiaitatthat a patent receives. Several studies
show that the number of forward citations is aahlé indicator of the economic value of patents

(Hirschey & Richardson 2004; Had al. 2005; Czarnitzket al. 2011).

% In additional analyses, we show that the markattien to the disclosure of patent grants is sigaiftly greater for firms with
low analyst coverage than for firms with high asalgoverage.
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Hall et al. (2001) find that in the first five years after tgeant date, patents receive up to a
third of their life-time forward citations. Hencd, order to reliably identify high impact patents,
we require at least five years of citation datasgegjpent to the patent grant date. Since the
National Buro of Economic Research (NBER) patetaticins database (cf. Hall al. 2001; Jaffe
et al. 2005) only extends until 2006, the latest pointitne for which we can reliably identify
high impact patents before the American Inventaisteetion Act came into force would be
October 2000. However, we choose not to includeyéa 2000 in our sample period because the
burst of the dotcom bubble and its effect on stogket sentiment might confound the insider
trading data. Thus, we restrict the populationatepts to those granted between 1994 and 1999.
We sort these patents into categories based om yganand patent technology clds&rom each
category, we select the top 1% patents in ternfsrafard citations received. In total, we identify
2,333 high impact patents that were granted to Oi®arate applicants. After restricting the
sample to firms in R&D intensive industries and chatg the patent data to accounting data from
Compustat, stock market data form the Centre foseRech in Security Prices (CRSP), and
insider trading data from ThomsonReuters, we dtenligh 1,279 patents granted to 159 firms.
For each of these patents, we manually collecd#dte on which the USPTO sent the notice of
allowance to the applicant. This information can deghered from the Patent Application
Information Retrieval (PAIR) system on the USPTObsite® Around the allowance and grant
dates of the 1,279 high impact patents we constwmtdatasets, one in order to analyze insider
trading after the allowance date (Hypothesis 1) amel to analyze insider trading after the grant

date (Hypotheses 2).

3.1.Insider trading after the allowance date

5 We perform this double sort because citation feegy differs across years and technology classa étal. 2001).
® The PAIR system can be accessed via the follovifikg http://portal.uspto.gov/external/portal/pair/
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Hypothesis 1 predicts that insiders buy more shiarédse weeks following the allowance date. In

order to examine when exactly after this date mrsidrade, we use firm-trading days as the unit
of analysis. Thus, the dataset for Hypothesis Isists of a panel of daily observations for 159

firms over the years 1992 and 1999/e drop firm-days if they are part of a firm-yeamwhich

no allowance took place.

We divide the first 40 trading days including amildwing each allowance date into four
biweekly windows, where the first window starts @me day on which the allowance is
communicated. Thus, the independent variablestefast are four indicator variables. The first
is equal to one if a firm-day is betwekandt+9 of an allowance date (WIN1), the second is one
if a firm-day is betweem+ 10 andt+19 of an allowance date (WIN2), the third is one firan-
day is betweemt+20 andt+29 of an allowance date (WIN3), and the third is dreefirm-day is
betweent+30 and t+39 days of an allowance date (WIN4). These tradingdews are
graphically depicted in Figure 1.

To construct the dependent variable we collect opemket purchases conducted by all
officers and directors of the sample firms from fifs@n Reuters Insider Filing Data Feed which
provides detailed information on insider transawioeported to the SEC on Form 4 starting
January 1986. In order to eliminate potentiallyljematic cases, we drop transactions whose
trade price was not within 20% of the CRSP clognge on that day. In addition, we remove
trades for which the number of shares traded exxk20% of the number of shares outstanding
(Lakonishok & Lee 2001). We aggregate open markethmses at the firm-day level and
construct two dependent variables. LNVALUE_BUY I tnatural logarithm of the number of
shares bought on a particular day times the puechase while INDBUY is an indicator variable

equal to one if there is insider purchasing onréiqdar day and zero otherwise.

7 Although we only consider patents granted betwid9% and 1999, the earliest patent allowance fpttents granted between
1994 and 1999 takes place in 1992.
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3.2.Insider trading after the grant date
Hypothesis 2 predicts that insider selling aftex tifficial patent grant is positively related to
abnormal returns around the grant date. To testhigpothesis, we construct a second dataset
around the patent grant date such that each highatrpatent represents one unit of analysis.
The firms and patents which enter this datasetrersame as those used in tests of Hypothesis 1.
Hence, the sample consists of 1,279 observatioresfa each high impact patent.

In order to generate the dependent variable forothgsis 2, we collect open market sales
from Thomson Reuters. We use the same procedurgsettk for inconsistencies in the data as
outlined in Section 3.1. We aggregate insider sede®ach firm over days until t+9 starting
with the patent grant date. We chose this tradimglow because it gives insiders sufficient time
to evaluate whether the market responded to thenpdisclosure as she expected. The dependent
variable for Hypothesis 2 is SELL which is an iratmr variable that is equal to one if we
observe insider selling in the window of ten tradahays starting with the patent grant date. We
choose a window right after the grant date becawesexpect insiders to trade as soon as they
have evaluated the stock market reaction to thenpalisclosure. Since in this case insiders trade
after all information regarding the patent is publicgri is less concern over legal jeopardy than
for example right after the allowance date.

In Hypothesis 2, the independent variable of irgere the cumulative abnormal stock return
(CAR) around the patent grant date. To validatertieistness of the results, we measure CAR
using three different benchmark expected returie first one comes from the Capital Asset
Pricing Model (CAPM) which assumes that the expecgturn on a security can be explained by
its sensitivity to the excess market return (Sha@é4; Lintner 1965). The second benchmark

that we use is the Fama and French (1993) thrderfawodel, an extension of the CAPM, in
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which the expected return on a security is exptaimgits sensitivity to three risk factors, namely
the excess market return and the returns on zeesiment portfolios for size and book-to-

market equity, respectively. Third, we use the Fame French (1993) and Carhart (1997) four
factor model which extends the three factor mogehhrisk factor that captures the returns on
zero-investment portfolios for one-year momentunstock returns. An overview over the three

different models that we use to estimate benchmetkrns can be found in Appendix 1. We

allow the stock market to incorporate the informatin the patent grant disclosure into the stock
price a few days after the grant date. Thus, weutate CAR over the daysl to t+5 around the

grant date.

3.3. Control variables

Following prior research, we use several firm-les@htrol variables that have been shown to be
associated with insider trading. First, we confoslfirm size which we calculate as the natural
logarithm of market capitalization (LNMARKETCAP).riBr studies show that managers in
larger firms receive more equity-based compensdi@ore & Guay 1999). Thus, managers in
larger firms might be more inclined to sell shaaesl less likely to buy additional shares for
portfolio diversification reasons. Next, we contfol a firm’s growth opportunities with the
book-to-market ratio (BTM). Prior research showat tinsiders are more likely to buy (sell) when
the book-to-market ratio is high (low), possiblychase the book-to-market ratio is an indicator
for under- or overvaluation (Rozeff & Zaman 199&tRski & Roulstone 2005). Since Huddart
and Ke (2007) show that insider trading volumen@easing in R&D intensity, we include R&D
expenditures scaled by total assets (R&D) in @tessions. Although our sample only consists
of firms in RD intensive industries, Panel A of T@ld shows that there still is cross-sectional

variation in R&D spending. We also control for pastd future six-month cumulative stock
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returns (PAST6RET, FUT6RET). Insiders are morelyike sell when past returns are high,
either because they want to cash in on the appi@tiaf their shareholdings or because they
take the stock price increase as an indicationvein@luation (Piotroski & Roulstone 2005).
Future returns have been shown to be lower (higb#owing insider sales (purchases) which is
seen as an indication that insiders are able tdigirehare price development (Seyhun 1992;
Lakonishok & Lee 2001). In addition, we create timdicator variables (SAFE, BAN) which
control for the presence of insider trading reisits. Bettis et al. (2000) find that over 90% of
firms have some form of self-imposed insider restvn in place and that many firms allow
insider trading only in a short window after a dedy earnings announcement. Following
Roulstone (2003), we define SAFE as an indicatackvis equal to one in the month following a
guarterly earnings announcement, and zero otheniseaddition, since many firms forbid
insider trading in the period leading up to theneas announcement, we define BAN as an
indicator which is equal to one in the month legdup to an earnings announcement, and zero
otherwise. Finally, we control for year fixed effeYEARFE) and industry fixed effects based

on two-digit Standard Industry Classification (Skodes (SICFE).

4. Empirical results

4.1. Descriptive statistics
Table 1 presents descriptive statistics regardmeghigh impact patents that we use in this study
(Panel A) and the variables that we use the aealgsHypothesis 1 (Panel B) and Hypothesis 2

(Panel C).

--- Insert Table 1 about here ---
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Panel A of Table 1 shows that the median high impatent collects about 100 forward
citations and receives protection for 20 clafiss discussed above, the median high impact
patent takes 509 days or about 17 months to reaaiwvellowance and the median time lag
between the allowance date and the official grate ¢s 181 days (about 6 months).

The accounting information in Panels B and C retteat the median firm in our sample has a
book-to-market ratio of about 0.27 which indicatbat these firms have significant growth
options in form of their R&D and patenting actiedi For the median firm, R&D expenditures
make up roughly 9% of total assets. The descripghagistics in Panels B and C indicate that
insider buying is a rare event and that insiderganeral sell more than they buy. This can be
explained by equity grants as a form of employaamensation. We do not consider these grants
as purchases because the insider does not ham#ience on their timing. However, when the
insider sells the shares that he was granted, #ase do enter the sample because the insider
can determine the timing of these sales. Insideigeneral do not frequently purchase shares in

their own firms because of diversification concerns

4.2.Insider buying after the allowance date
To test Hypothesis 1 which predicts that insidadimg is higher after the allowance date, we
specify the following equation which we test poolBYING is either the natural logarithm of
the value of shares bought (LNVALUE_BUY) or an icatior variable equal to one if insider
purchasing took place and zero otherwise (INDBUY).the former case we use a tobit

specification and in the latter case logit. Sulpgdrrefers to the dimension in the cross section

8 The number of forward citations is corrected fontation of the patent data. For example, a pagerited in 2005 only has
one year to collect forward citations because tBER patent citation dataset does not go beyond.ZDi@Gs, the weight on the
number of forward citations received by patentsitgd in later years is higher than the weight @nrthmber of forward citations
received by patents which were granted in earbery (Hallet al. 2001).
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which is the firm. Subscrigtrefers to the time dimension which is the tradiay- All variables

are generated as outlined in Sections 3.1 and 3.3.

BUYING;, =
a+ BWIN1;, + BWIN2;  + BsWIN3;, + B,WIN4; . + BsLNMARKETCAP;, + BsBTM; , +
B,R&D; ; + BsPAST6RET; ; + BoFUT6RET; ; + B1oSAFE;, + B11BAN; +

23Z12 ByYEARFEy ;¢ + Y3116 B,SICFE, ;¢ + € 1)

--- Insert Table 2 about here ---

The results of the four models presented in Tabéad to similar inferences. Across the logit
and tobit specifications with and without contr@riables, we find that insider buying on days
t+10 throught+19 (WINZ2) after a given dayis greater if day is an allowance day than when it
is not. In addition, Models 1 through 4 reveal timstider buying on daysthrought+9 (WIN1)
after a given day is lower if dayt is an allowance day than when it is not, possiblyptider to
avoid adverse consequences related to insiderngaliigation (cf. Huddartet al. 2007).
Collectively, these results provide support for Biygesis 1 and confirm the expectation that
insiders make use of their private foreknowledgpaiént grants in their trading decisions, taking
into consideration the risk of litigation.

Most of the coefficients on the control variables @ line with findings in prior research.
Specifically, past returns are significantly negeally related to insider buying and the coefficients
on future returns are in the expected direction dret not statistically significant. Most of the
coefficients on the book-to-market ratio are pwsitias expected but none is statistically

significant. Nevertheless, the coefficients on PARE®, FUT6RET, and BTM suggest that
16



insiders trade contrarian, that is they buy (s#lbhey believe that the stock is undervalued
(overvalued) (Rozeff & Zaman 1998; Piotroski & Retohe 2005). In addition, the coefficients
on SAFE and BAN indicate that there is more inslagying in periods during which many firms
allow insider trading and less insider buying imipaés during which most firms forbid insider

trading (Bettiset al. 2000).

4.2.1. The information environment and insider buying raftee allowance date

Information about patent applications might enter stock market even before the USPTO
privately communicates the patent allowance tcaph@ying firm. Regarding the demand side for
information, analysts specialized in R&D intensimelustries might actively seek information
about patent applications. In this respect Batthl. (2001) show that analysts exhibit a higher
level of information search in R&D intensive firnisan in others. With respect to the supply
side, firms are free to communicate to analysts$ plagent applications have been filed. While
firms generally have an incentive to keep the pasmplication secrdt before the advent of
Regulation Fair Disclosure (Reg FD) firms were aolerivately communicate information to
analysts.

The above discussion suggests that, dependingeomfibrmation environment of the firm,
information about pending patent applications mejhtéady be impounded in the applying firm’s
share price. Hence, we rerun Equation 1 separdtmlyfirms with a weak information
environment and strong information environment. &&ssify firms below the sample-median in

terms of analyst following as ‘Low Coverage’ (iweek information environment) and firms

% First, voluntary disclosure of the patent gives petitors more time to invent around the patent tvhigeans inventing a
process that serves the same practical functidineggatent without infringing it. Second, firms dat have the right to litigate for
infringement until the patent is officially granted
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above the sample-median in terms of analyst foligwas ‘High Coverage’ (i.e. strong

information environment). Table 3 presents theltesu

--- Insert Table 3 about here ---

Insider buying in weeks three and four after thevence date (WINZ2) is significant when
analyst coverage is low (Models 1 and 3) and inS@ant when analyst coverage is high
(Models 2 and 4) implying that insiders take intz@unt patent allowances for their personal
trading strategies only when the information enwinent of the firm is relatively weak.
Assuming that insiders buy shares in their own fisth the aim of generating trading profits
(Frankel & Li 2004), this suggests that by the tiofethe patent allowance, some information

about the patent application is already impoundéal the share price.

4.3.Insider selling after the grant date
To test Hypothesis 2 which predicts a positivetieteship between CAR around the patent grant
date and insider selling subsequent to the patemtt glate, we specify the following equation

where the subscrigt reflects that the unit of analysis is the high atippatent:

SELL, = a + B,CAR, + B,LNMARKETCAP, + B3BTM, + B,R&D, + BsPAST6RET, +

BeFUT6RET, + B,SAFE, + BsBAN, + Y%, B, YEARFE,, , + Y125 B,SICFE,, + ¢,  (2)

The results presented in Table 4 indicate thatdersselling after the patent grant is an
increasing function of abnormal stock returns adbtire grant date. Across the three different

benchmarks (4 factor model, 3 factor model, CAPM3 find a positive and significant
18



relationship between abnormal returns and the itiked of insider sellind’ This finding
provides support for Hypothesis 2 by showing thghér market reactions to the patent grant
disclosure result in a higher likelihood of insidalling after the patent grant date. This implies
that when the market has not impounded the valubebatent into the share pribefore the
grant date, insiders wait until after the grantedet divest of some of their equity holdings at

higher prices.

--- Insert Table 4 about here ---

The coefficients on the control variables are e lwith prior research. The likelihood of
insider selling is higher in larger firms, possilidgcause larger firms provide their employees
with more equity-based compensation (Core & Gua99)9Past returns are positively and
significantly related to insider selling, suggegtithat insiders trade contrarian (Piotroski &
Roulstone 2005). In addition, we find less (morsjider selling in periods when many corporate

insider trading rules forbid (allow) insider tradi(Bettiset al. 2000).

5. Additional analyses and robustness tests
5.1.Insider buying after the patent allowance — ecortamadjustments for excess zeros in
the dependent variable
Prior studies that use insider buying aggregatethaafirm-day, firm-month, or firm-quarter as
the dependent variable suffer from a probabilityssnat zero in the dependent variable (Noe
1999; Keet al. 2003; Kallunkiet al. 2009). Since the unit of analysis in tests of Higpsis 1 is

the firm-day, the issue of excess zeros in the nldgrat variable also applies in the study at hand

19 The results are similar in significance and magfétwhen using a shorter window from t-1 through t+
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as can be seen from the descriptive statisticsailel 1. To alleviate concerns regarding this
issue, in Table 5 we rerun Equation 1 using coundets that are more suitable for data with a

probability mass at zero in the dependent variable.

--- Insert Table 5 about here ---

Model 1 uses the negative binomial model whichpprapriate for count data, that is data
where the dependent variable only takes non-negatiteger values (Hausmaeh al. 1984;
Cameron & Trivedi 1986). Model 2 uses a zero-iefthhegative binomial model. Zero-inflated
negative binomial models are suitable for counaddth a probability mass at zero (Cameron &
Trivedi 2010). In both models the dependent vaeablthe value of shares bought scaled by
10,000 since count models are more suitable fatigtiag small values (VALUE_BUY).

The results in Table 5 reveal that we still obsesignificantly more insider purchasing in
weeks three and four after a patent allowance ddtat is the coefficient on WIN2 is positive
and significant across both specifications. Theselts are in line with those presented in Table

2 and provide further support for Hypothesis 1. Thefficients on WIN1 are not significant.

5.2.Insider buying after the patent allowance — matgbh&ids design based on insider
purchases
In order to verify that the results are not driv®nthe large number of firm-days on which there
is no insider trading, we perform another robustregecks. We rerun the analysis of Hypothesis
1 on a matched-pairs sample as in Noe (1999) atidrika et al. (2009). Specifically, for each

day on which there is an insider transaction fgiven firm, we randomly match one day without
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an insider transaction for that firm. We draw 30npée in this way and Table 6 presents the

average coefficients and standard errors from ria¢yais.

--- Insert Table 6 about here ---

Corroborating the findings from Tables 2 and 5, eantinue to observe that WINZ2 is
positively and significantly related to insider lay. The coefficients on WIN1 are not

significant.

5.3. Trading profits to insider purchases that are cotethafter an allowance date
Throughout this study, we assume that insidersdayes of their own firms in order to generate
trading profits (Frankel & Li 2004). Hence, if idgrs trade on private information regarding
future grants of high impact patents, we expedters to generate abnormal trading profits. We
follow the methodology of Barber and Lyon (1997kstimating the profitability of firm-specific
events and calculate the buy-and-hold abnormakstiarns over the six months following those
insider purchases that were conducted during tisé fibur weeks after a patent allowance date.
Our benchmark for estimating ‘abnormal’ returnghe four factor model of Fama and French
(1993) and Carhart (1997). In untabulated testsfimeethat the mean abnormal return to those
insider purchases is 4.18% over the six monthseathié median abnormal return is 3%. Under
the null hypothesis of market efficiency these mesushould not be significantly different from
zero. However, a one sample t-test with 183 insjlechase observations reveals that these
returns are larger than zero (p-value 0.08, oredi' While the rather short sample period and

the limited number of observations make it diffictd interpret and compare the magnitude of

1 When the horizon is twelve months instead of sbnths, the magnitude and statistical significantéhe results become
stronger with mean (median) abnormal returns of %0(7.7%) and a p-value of 0.044 (two-tailed).
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these trading profit estimates, they do give ancattbn that insiders are indeed successful in
exploiting their foreknowledge of future grantstegh impact patents for their personal trading

decisions.

5.4. Market reaction to patent grant disclosures fansiwith high and low analyst coverage
If a company keeps pending applications of highdotgatents secret until the day when the
grant of the patent is officially disclosed by thetent office, we expect the market reaction at the
grant date to be strong. However, in Sections 4a2d 4.3 we argue that for firms with strong
information environments (i.e. high analyst covefagnformation about pending patent
applications might reach the stock market prioth® grant date. For these firms, we expect the
market reactions to patent grant disclosure to baker. In untabulated tests, we show that the
market reaction to the disclosure of high impadepts is significantly stronger (p-value 0.03
one-tailed) in firms with below-median analyst caage than in firms with above-median analyst
coverage? The magnitude of the average market reaction tenpgrants in low coverage firms
is 65 basis points which is significantly differédndbm zero (p-value 0.038, two-tailed). In high
coverage firms, the average market reaction tonpaeants is not significantly different from
zero (p-value 0.59 two-tailed). These results sugpie notion that the information asymmetry
between insiders and outsiders regarding penditgnpapplications is less severe in firms with
high analyst coverage than in firms with low analysverage which has implications for insider

trading decisions.

6. Conclusion

12 Similar to the analysis in Table 4, we proxy fbe tmarket reaction with the cumulative abnormairret based on the Fama
and French (1993) and Carhart (1997) four factodehérom days t-1 through t+5 around the grant.dBibe results are similar in
significance and magnitude when using a shortedainfrom t-1 through t+4.
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In this paper we show that corporate insiders tr@uenformation asymmetries created by the
nature of the US patent application process. Spatlif, we show that insiders in R&D intensive
industries buy shares after the USPTO privately momcates to the applying firm that a
pending high impact patent will be granted. Theling behavior is driven by firms with a weak
information environment. In addition, we find thasiders sell shares after the official patent
grant date, if the stock market reacts positivelthe disclosure of the patent grant.

This study makes contributions to at least threstirdit streams of the literature. First, we
contribute to the discussion on the sources ofdersitrading profits. While prior studies
investigating insider trading based on private iinfation have to assume that insiders are better
informed than other market participants (e.g.eKal. 2003), we know exactly when information
asymmetry between insiders and outsiders arisescoiglement Aboody & Lev (2000) who
show that insiders in R&D intensive firms genergteater trading profits than insiders in other
firms.

Next, we contribute to a young but growing stredrthe literature which shows that equity-
based management compensation encourages managgpsirtinnovation efforts (Lerner &
Wulf 2007; Beyeret al. 2011; Francist al. 2011; Manso 2011; Ederer & Manso 2012). While
these studies establish a link between ex-antetyegoucentives and innovation output, we
document a relationship between innovation outpwt msiders’ subsequent equity portfolio
decisions. This link is important because if insgdeere not able to trade on their knowledge of
future patent grants, their equity incentives waulglger less innovation efforts ex-ante.

Lastly, we contribute to a discussion on the castd benefits of the American Inventors
Protection Act which was enacted in November 19Bfhiison & Popp 2003). The act requires
publication of patent applications applied for anafter November 29, 2000, no later than 18

months after the application date (USPTO 1999). fidpmorted results point to a supposedly
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beneficial side effect of this act, namely thatratluces insiders’ ability to trade on private
information generated by the patent applicatiorcess. Specifically, if mandatory disclosure of
the patent application by the USPTO takes placerbethe allowance date, then information

asymmetry between insiders and outsiders will lstsuntially reduced.
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Appendix 1

Capital Asset Pricing Model (Sharpe 1964; Lintner 1965)
The CAPM assumes that the expected return on aisec{E(R;)] can be explained by the risk-

free rate [ and its sensitivity[}i] to the excess market return [MKTRF]:

E(R) — Ry = a + B;MKTRF
We estimate jover the prior 60 months. Security prices areeobéld from CRSP and data on the
excess market return (as well as on the additioslalfactors in the three- and four factor models
discussed later) are obtained from Kenneth Frenghissite’* To obtain CAPM CAR around the
patent grant date, for example from date t-1 thinot#¢p around the grant, we cumulate daily

abnormal returns in the following manner:

t+5 t+5
CARl"t = Ri,t — Rf — ﬂiMKTRFEi‘t = Z ai‘t
t—-1 t—1

Fama and French (1993) three factor model:
The three factor model assumes that expected setiim be explained by the excess return on
the market [MKTRF], the returns on zero-investmpattfolios which are long in small stocks
and short in big stocks [SMB], and the returns eroanvestment portfolios which are long in
high book-to-market stocks and short in low bookrarket stocks [HML].

E(R) — Ry = a + B1;MKTRF + f5;SMB + f3;HML
As before, we estimate the betas over the priom6@ths. Cumulative abnormal returns for the

windowt-1to t+5 are calculated as follows:

13 Kenneth French’s data collection is availabletgi:Hmba.tuck.dartmouth.edu/pages/faculty/kendhédata_library.html
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t+5 t+5

CARye = ) Riy = Ry — BuMKTRFE;, — ySMBy, — fsHMLy, = ) a

t—-1 t—-1

Fama and French (1993) and Carhart (1997) four factor model:
The four factor model assumes that expected rettande explained by the excess return on the
market [MKTRF], the returns on portfolios which doag in small stocks and short in big stocks
[SMB], the returns on portfolios which are longhigh book-to-market stocks and short in low
book-to-market stocks [HML], and the returns on tfahios which go long in stocks that
experience positive momentum and short in stockis megative momentum [UMD].

E(R)) — Ry = a + By;MKTRF + B5;SMB + B3;HML + B,; UMD
As before, we estimate the betas over the priom6@ths. Cumulative abnormal returns for the

windowt-1 tot+5 are calculated as follows:

t+5 t+5
CARy, = ) Ry = Ry = BuMKTRFE,, — yiSMBy — BsHMLy, — UMDy = ) ai,
t—-1 t—-1
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Table 1: Summary statistics of main variables

Mean SD Min 25 Median 75 Max
Panel A: Patent characteristics (n=1,279)
FORWARD CITATIONS 112.21 48.43 41.00 81.00 100.00 131.00 526.00
CLAIMS 23.38 17.27 1.00 13.00 20.00 29.00 309.00
ALLOWLAG 548.77  282.25 48.00 371.00 509.00 693.00 4263.00
GRANTLAG 193.36 75.10 71.00 153.00 181.00 215.00 1155.00
Panel B: Analysis of insider purchasing after the patent allowance (n=100,738)

LNVALUE_BUY 0.113 1.110 0.000 0.000 0.000 0.000 13.659
INDBUY 0.010 0.102 0.000 0.000 0.000 0.000 1.000
WIN1 0.113 0.316 0.000 0.000 0.000 0.000 1.000
WIN2 0.112 0.316 0.000 0.000 0.000 0.000 1.000
WIN3 0.112 0.316 0.000 0.000 0.000 0.000 1.000
WIN4 0.112 0.315 0.000 0.000 0.000 0.000 1.000
LNMARKETCAP 8.231 2.021 2.480 6.800 8.383 9.833 12.522
BTM 0.328 0.210 -0.152 0.184 0.279 0.437 1.831
R&D 0.104 0.100 0.000 0.043 0.092 0.132 1.359
PAST6RET 0.083 0.325 -0.992  -0.084 0.095 0.265 0.946
FUT6RET 0.109 0.334 -1.021  -0.070 0.116 0.293 0.948
SAFE 0.324 0.468 0.000 0.000 0.000 1.000 1.000
BAN 0.353 0.478 0.000 0.000 0.000 1.000 1.000

NUMBER OF ANALYSTS 15.731 12.124 0.000 5.000 15.000 24.000 46.000
Panel C: Analysis of insider purchasing and selling after the grant date (n=1,279)

SELL 0.276 0.447 0.000 0.000 0.000 1.000 1.000
4F CAR 0.003 0.077 -0.230 -0.039 0.004 0.044 0.270
3F CAR 0.002 0.077 -0.228 -0.036 0.004 0.038 0.263
CAPM CAR 0.002 0.076 -0.230 -0.039 0.003 0.039 0.263
LNMARKETCAP 9.146 1.798 2.237 8.319 9.403 10.445 12522
BTM 0.293 0.186 -0.322 0.172 0.267 0.398 1.831
R&D 0.093 0.070 0.000 0.046 0.089 0.119 1.359
PAST6RET 0.118 0.344 -0.992 -0.070 0.125 0.326 0.946
FUT6RET 0.156 0.349 -1.021 -0.050 0.141 0.355 0.948
SAFE 0.485 0.500 0.000 0.000 0.000 1.000 1.000
BAN 0.493 0.500 0.000 0.000 0.000 1.000 1.000

FORWARD CITATIONS is the number of forward citat®received by a patent. CLAIMS is the number oiheta
protected in a patent. ALLOWLAG is the number oyslaetween the allowance date and the applicatts d
GRANTLAG is the number of days between the gramet déad the allowance date. LNVALUE_BUY is the natur
logarithm of the value of insider purchases. INDBi$¥an indicator variable equal to one if theraigder buying on a
particular trading day and zero otherwise. WINansndicator equal to one if a firm-day is betwéand t+9 of an
allowance date and zero otherwise. WIN2 is equah®if a firm-day is between t+10 and t+19 of hoveance date
and zero otherwise. WIN3 is one if a firm-day isvieen t+20 and t+29 of an allowance date and zérerwise. WIN4
is one if a firm-day is between t+30 and t+39 dafyan allowance date and zero otherwise. LNMARKETRJA the
natural logarithm of the value of market capitdima. BTM is book value of equity divided by marketlue of equity.
R&D is research and development expenditures staledtal assets. PAST6RET (FUT6RET) is past (ijtgix-
month continuously compounded cumulative stockrnstuSAFE (BAN) is an indicator variable equal teedn the
month following (prior to) a quarterly earnings anncement and zero otherwise. SELL is an indiczdoable equal to
one if there is insider selling on days t to t+&athe grant date and zero otherwise. CAR measureslative abnormi
returns over a window of t-1 to t+5 around the @i patent grant date. The benchmark expectedn®tre estimated
via the Capital Asset Pricing Model (CAPM CAR),akrfactor model (3F CAR), and four factor model GA&R).
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Table 2: Insider buying after the allowance date

1) 2) 3) (4)
TOBIT TOBIT LOGIT LOGIT
LNVALUE_BUY  LNVALUE_BUY INDBUY INDBUY
Intercept -66.825*** -79.465%** -4.582%** -6.032***
(2.387) (6.956) (0.138) (0.751)
WIN1 -2.630* -2.130* -0.245* -0.215*
(1.456) (1.291) (0.139) (0.124)
WIN2 2.711* 2.909** 0.251* 0.286**
(1.407) (1.338) (0.131) (0.131)
WIN3 -0.105 -0.372 -0.004 -0.044
(2.169) (1.870) (0.206) (0.176)
WIN4 2.476 1.780 0.227 0.172
(1.688) (1.436) (0.156) (0.127)
LNMARKETCAP 1.047 0.096
(0.681) (0.070)
BTM 5.487 0.516
(5.422) (0.540)
R&D -1.738 -0.426
(10.682) (1.256)
PAST6RET -14.385*** -1.425%*
(3.259) (0.338)
FUT6RET 2.136 0.202
(1.889) (0.187)
SAFE 6.725%** 0.631***
(1.495) (0.158)
BAN -6.108*** -0.619***
(1.649) (0.168)
Year FE NO YES NO YES
Industry FE NO YES NO YES
n 100,738 100,738 100,738 100,738
Pseudo R-squared 0.000975 0.0335 0.00154 0.0542

Standard errors clustered by firm in parenthesg$<0.01, ** p<0.05, * p<0.1 (two-tailed)
LNVALUE_BUY is the natural logarithm of the valué insider purchases. INDBUY is an indicator var@&bl
equal to one if there is insider buying on a patéictrading day and zero otherwise. WINL1 is andatbr
equal to one if a firm-day is between t and t+@uofallowance date and zero otherwise. WIN2 is efguahe
if a firm-day is between t+10 and t+19 of an allow@ date and zero otherwise. WIN3 is one if a filay-is
between t+20 and t+29 of an allowance date andatbeywise. WIN4 is one if a firm-day is betweeB@+
and t+39 days of an allowance date and zero otkertNMARKETCAP is the natural logarithm of the wa
of market capitalization. BTM is book value of etyudivided by market value of equity. R&D is resgaand
development expenditures scaled by total assetSTBRET (FUT6RET) is past (future) six-month
continuously compounded cumulative stock returdd=ES(BAN) is an indicator variable equal to ondtie
month following (prior to) a quarterly earnings anncement and zero otherwise. Industry fixed efface

based on two-digit SIC codes.
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Table 3: Insider buying after the allowance date in firmswith high and low analyst coverage

1) 2) 3) (4)
TOBIT TOBIT LOGIT LOGIT
LNVALUE_BUY  LNVALUE_BUY INDBUY INDBUY
Low Coverage High Coverage Low Coverage High Coverage
Intercept -85.377*** -87.432%** -6.745%** -6.834***
(8.413) (17.764) (0.926) 1.777)
WIN1 -2.237 -2.383 -0.239 -0.228
(1.845) (1.621) (0.180) (0.155)
WIN2 4.028* 1.599 0.378* 0.145
(2.242) (1.591) (0.222) (0.153)
WIN3 -2.419 0.769 -0.235 0.074
(2.166) (2.114) (0.206) (0.203)
WIN4 0.216 2.749 0.031 0.268
(1.663) (1.802) (0.159) (0.166)
LNMARKETCAP 1.688* 2.376 0.158* 0.229
(0.918) (1.765) (0.095) (0.174)
BTM 7.555 0.691 0.718 0.100
(5.848) (7.131) (0.608) (0.668)
R&D 10.258 -69.459* 0.851 -7.226*
(7.194) (38.313) (0.784) (4.150)
PAST6RET -14.791%** -15.372%** -1.468*** -1.514%**
(3.797) (4.528) (0.399) (0.497)
FUT6RET 5.145** -3.880 0.471* -0.393
(2.384) (2.588) (0.246) (0.272)
SAFE 6.131*** T.774%** 0.566** 0.746***
(2.196) (1.287) (0.236) (0.119)
BAN -8.081*** -3.418 -0.817*** -0.338
(1.825) (2.264) (0.191) (0.230)
Year FE YES YES YES YES
Industry FE YES YES YES YES
n 53,480 47,258 53,480 47,258
Pseudo R-squared 0.009 0.005 0.008 0.004

Standard errors clustered by firm in parenthesg$<0.01, ** p<0.05, * p<0.1 (two-tailed)
Low Coverage (High Coverage) firms are those withriumber of analysts following the firm below (abp
the sample median. LNVALUE_BUY is the natural Idtan of the value of insider purchases. INDBUY is
an indicator variable equal to one if there isdesibuying on a particular trading day and zerewotfse.
WINL1 is an indicator equal to one if a firm-daybistween t and t+9 of an allowance date and zegrwibe.
WINZ2 is equal to one if a firm-day is between tii@l t+19 of an allowance date and zero otherwidbla/is
one if a firm-day is between t+20 and t+29 of davednce date and zero otherwise. WIN4 is one ifra-tlay
is between t+30 and t+39 days of an allowance aladezero otherwise. LNMARKETCAP is the natural
logarithm of the value of market capitalization.\Ts book value of equity divided by market valdfesquity.
R&D is research and development expenditures staléotal assets. PAST6RET (FUTERET) is past (Rjtur
six-month continuously compounded cumulative stetirns. SAFE (BAN) is an indicator variable eqtaeal
one in the month following (prior to) a quartergreings announcement and zero otherwise. Industy f
effects are based on two-digit SIC codes. Industed effects are based on two-digit SIC codes.
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Table 4: Insider sdlling after the grant date

1) 2) 3)
LOGIT LOGIT LOGIT
SELL SELL SELL
Intercept -4,313%* -4.305%* -4.300%**
(0.921) (0.919) (0.917)
4F CAR 1.553*
(0.925)
3F CAR 1.558*
(0.922)
CAPM CAR 2.174*
(1.024)
LNMARKETCAP 0.223** 0.222%* 0.221%*
(0.064) (0.064) (0.063)
BTM 0.200 0.220 0.231
(1.031) (2.023) (1.019)
R&D 0.928 0.907 0.869
(1.639) (1.624) (1.626)
PAST6RET 1.017%** 1.017%** 1.011%**
(0.277) (0.277) (0.277)
FUT6RET 0.007 0.009 0.005
(0.251) (0.251) (0.251)
SAFE 1.693*** 1.692%* 1.690***
(0.258) (0.258) (0.257)
BAN -0.349 -0.350 -0.355*
(0.217) (0.216) (0.215)
Year FE YES YES YES
Industry FE YES YES YES
n 1,279 1,279 1,279
Pseudo R-squared 0.165 0.165 0.166

Standard errors clustered by firm in parenthesg$<0.01, ** p<0.05, * p<0.1 (two-tailed)
SELL is an indicator variable equal to one if thisrensider selling on days t to t+9 after the grdate and
zero otherwise. CAR measures cumulative abnornbairre over a window of t-1 to t+5 around the ofici
patent grant date. The benchmark expected retoensséimated via the Capital Asset Pricing Model
(CAPM CAR), three factor model (3F CAR), and foactor model (4F CAR). LNMARKETCAP is the
natural logarithm of the value of market capitdiiaa. BTM is book value of equity divided by marketiue
of equity. R&D is research and development expenelit scaled by total assets. PAST6RET (FUT6RET) is
past (future) six-month continuously compounded aative stock returns. SAFE (BAN) is an indicator
variable equal to one in the month following (prioy a quarterly earnings announcement and zero
otherwise. Industry fixed effects are based on digit SIC codes.
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Table5: Insider buying after the allowance date - count models

1) (2)
ZERO-INFLATED NEGATIVE
NEGATIVE BINOMIAL BINOMIAL
VALUE_BUY VALUE_BUY
Intercept -4.184*** -3.141%**
(0.814) (0.873)
WIN1 -0.023 -0.029
(0.223) (0.198)
WIN2 0.433** 0.521***
(0.202) (0.177)
WIN3 -0.193 -0.048
(0.178) (0.188)
WIN4 0.345 0.342
(0.263) (0.263)
LNMARKETCAP 0.194*** 0.155*
(0.070) (0.070)
BTM 1.109 0.663
(0.799) (0.768)
R&D -0.540 -0.945
(0.823) (0.869)
PAST6RET -0.825*** -0.928***
(0.294) (0.305)
FUT6RET 0.027 0.078
(0.262) (0.246)
SAFE 0.600*** -0.103
(0.156) (0.224)
BAN -0.873*** -0.328
(0.250) (0.292)
Year FE YES YES
Industry FE YES YES
n 100,738 100,738

Standard errors clustered by firm in parenthesg$<0.01, ** p<0.05, * p<0.1 (two-tailed)

VALUE_BUY is the value of insider purchases scdbgdl0,000. WIN1 is an indicator equal to one ifrenf
day is between t and t+9 of an allowance date anal @therwise. WIN2 is equal to one if a firm-day i
between t+10 and t+19 of an allowance date andatbeywise. WIN3 is one if a firm-day is betwee@@+

and t+29 of an allowance date and zero otherwidbldis one if a firm-day is between t+30 and t+2§ sl of

an allowance date and zero otherwise. LNMARKETC#khe natural logarithm of the value of market
capitalization. BTM is book value of equity dividegt market value of equity. R&D is research and

development expenditures scaled by total assetSTBRET (FUT6RET) is past (future) six-month
continuously compounded cumulative stock returdg=ES(BAN) is an indicator variable equal to ondtie
month following (prior to) a quarterly earnings anncement and zero otherwise. Industry fixed efface
based on two-digit SIC codes.
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Table 6: Insider buying after the allowance date - random sampling based on insider

pur chases
(1) (2)
TOBIT LOGIT
LNVALUE_BUY INDBUY
Intercept -26.160*** -2.375%**
(6.539) (0.759)
WIN1 -1.586 -0.194
(1.157) (0.130)
WIN2 2.725** 0.302**
(1.219) (0.132)
WIN3 -0.053 -0.030
(1.852) (0.201)
WIN4 1.758 0.164
(1.484) (0.148)
LNMARKETCAP -0.261 -0.033
(0.606) (0.069)
BTM 9.652** 0.977*
(3.822) (0.390)
R&D -3.942 -0.641
(13.140) (1.744)
PAST6RET -16.308*** -1.834***
(2.478) (0.301)
FUT6RET 1.588 0.180
(1.826) (0.197)
SAFE 1.553 0.184
(1.305) (0.150)
BAN -3.619** -0.410**
(1.671) (0.184)
Year FE YES YES
Industry FE YES YES
n 12880 12880
Pseudo R-squared 0.042 0.085

For this analysis, every firm-day with an insiderghase is randomly matched to one day within &meesfirm
without an insider purchase. 30 random sampledrargn and the average coefficients and averageatdn
errors (in parentheses) from these 30 regressiengrasented here. Standard errors are clusterfadrby**
p<0.01, ** p<0.05, * p<0.1 (two-tailed). LNVALUE_BUYs the natural logarithm of the value of insider
purchases. INDBUY is an indicator variable equadne if there is insider buying on a particular ingdday anc
zero otherwise. WIN1 is an indicator equal to dreefirm-day is between t and t+9 of an allowana&edand
zero otherwise. WIN2 is equal to one if a firm-daypetween t+10 and t+19 of an allowance date andl z
otherwise. WIN3 is one if a firm-day is between®@ghd t+29 of an allowance date and zero otherWi8il4 is
one if a firm-day is between t+30 and t+39 dayarofllowance date and zero otherwise. LNMARKETCAP is
the natural logarithm of the value of market cdzgdion. BTM is book value of equity divided by rkat value
of equity. R&D is research and development expenetgcaled by total assets. PAST6RET (FUT6RET) is pas
(future) six-month continuously compounded cumukstock returns. SAFE (BAN) is an indicator varebl
equal to one in the month following (prior to) aaguerly earnings announcement and zero otherwisieistry
fixed effects are based on two-digit SIC codes.
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