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1. Introduction

Whether the stock market responds efficiently to corporate
earnings announcements (EAs) is of great importance to the long-
lasting theme of market efficiency. This paper examines how op-
tions trading affects the stock market reaction to EAs. Earlier stud-
ies have primarily used options listing status to examine how the
stock market responds to EAs in the presence of options (Jennings
and Starks, 1986; Skinner, 1990; Damondaran, 1991; Fedenia and
Grammatikos, 1992; Ho 1993; Ho et al., 1995). As options listing
becomes more prevalent, recent studies have switched from op-
tions listing status to options trading volume and focused on the
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informational content of options trading volume (Amin and Lee,
1997; Easley et al., 1998; Cao et al., 2005; Pan and Poteshman,
2006; Roll et al., 2010).

While these studies greatly enhance our understanding of the
economic consequences of options trading, they suffer from sev-
eral major drawbacks. Using options listing status creates a sim-
ple dichotomy - optioned stocks vs. non-optioned stocks - and ig-
nores the heterogeneity of varying degree of options trading activ-
ities. Focusing on options trading volume and associating it with
informed trading, on the other hand, require either high-frequency
options trade and quote data to sign the option volumes (Amin
and Lee, 1997; Cao et al., 2005) or proprietary datasets to construct
the volume-based predictive variables (Pan and Poteshman, 2006).
Unfortunately, the high-frequency options trade and quote data or
proprietary options trading data are not publicly available.

It is worth noting that very few papers have examined the in-
formational content of option pricing effects, especially around sig-
nificant corporate events. This paper attempts to fill the void by in-
vestigating the option pricing effects. To be more specific, we em-
ploy the option implied volatility spread to examine the implica-
tion of options trading on stock market response to EAs. We argue
that this new perspective not only enables us to get around the
data availability issue but also sheds new light on the change in
stock market response because of options trading.
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Using a broad sample of EAs, we find that option call and put
implied volatilities become increasingly misaligned as the earnings
announcement dates (EAD) get closer. The percentage deviation
between call and put implied volatilities increases monotonically
during the month prior to the EAD. The direction of these devi-
ations is also consistent with the sign of announcement returns
of subsequent earnings releases. Moreover, the abnormal volatil-
ity spread has significant predictive power on the subsequent an-
nouncement returns. We interpret these findings as evidence con-
sistent with informed options trading before EAs.

We then proceed to analyze how informed options trading im-
mediately before EAs affect the stock market response. Availing
ourselves of the earnings response coefficient (ERC) framework, we
are able to quantify the exact magnitude of the stock market re-
sponse. We find that pre-earnings options trading increases rather
than decreases the stock market response to earnings announce-
ments. To the extent that there exists stock market under-reaction
to EAs, pre-earnings options trading helps mitigate the stock mar-
ket under-reaction. In the cross section, firms experiencing greater
abnormal implied volatility spread immediately before the EAD ex-
hibit stronger stock market reactions after controlling for a myriad
of firm characteristics.

We further conjecture that the under-reaction correction effect
should be stronger for those announcements that have experienced
higher pre-earnings options trading volume. The options trading
volume can play a significant role in the stock market response to
EAs through at least two channels. First, the strategic trading mod-
els in the spirits of Kyle (1985) argue that it is desirable for in-
formed traders to hide their information-based trades among lig-
uidity trades. To the extent that higher pre-earnings option trad-
ing volume provides better camouflages, there can be more con-
centrated informed options trading immediately before EAs. Sec-
ond, to the extent that trading volume proxies for investor atten-
tion, higher pre-earnings option trading implies increased investor
attention. The fact that investors become more attentive prior to
EAs certainly helps mitigate the stock market under-reaction. Given
that informed options trading accelerates the stock market re-
sponse, we expect greater under-reaction correction effect in the
presence of higher pre-earnings options trading volume. This is
precisely what we find in the data.

This paper touches upon at least three streams of literature:
on EAs, on stock market response to EAs, and on the earnings
response coefficient (ERC) framework. On the first strand of em-
pirical literature, EAs have received increased attention from both
academia and practitioners due to their information-intensive na-
ture, and have been routine channels through which firms disclose
material information to financial markets. The existing literature
has well documented two stylized facts about EAs: stock market
under-reaction at the time of announcements and post-earnings
announcement drift (PEAD), which refers to the phenomenon that
the stock price tends to continue drifting in the direction of the
earnings surprise.!

This paper is closely related to both stylized facts. By ty-
ing options implied volatility spread to stock market responses
to earnings announcements, we show that pre-earnings options
trading is associated with an increase rather than a decrease in
stock market responses to earnings releases. This contradicts the
earlier findings (Skinner, 1990; Ho 1993) that options listing de-
creases the stock market response. However, our paper supports

1 The post-earnings announcement drift anomaly has proved to be one of the
strongest anomalies in the literature and many researchers have worked on this is-
sue, including Ball and Brown (1986), Bernard and Thomas (1989,1990), Bhushan
(1994), Dontoh et al. (2003), Mendenhall (2004), Sadka (2006), Livnat and Menden-
hall (2006), Ng et al. (2008), Sadka and Sadka (2009), Chordia et al. (2009), Kon-
chitchki et al. (2012), among others.

Mendenhall and Fehrs (1999) who also document an increase in
the stock market response following the introduction of options
listing. Instead of focusing on the binary outcomes of options list-
ing status, we are able to go further than Mendenhall and Fehrs
(1999) and examine the varying degree of options trading activi-
ties. Specifically, we develop and test the hypothesis that the pres-
ence of active options trading can at least alleviate (or partially
correct) the stock market under-reaction at the time of announce-
ments.

This paper also contributes to the literature on post-earnings
announcement drift. By resorting to options trading volume as a
proxy for investor attention, we propose that in addition to the in-
formation preemption argument as discussed in the existing liter-
ature, there is an alternative mechanism through which investor
attention in the options market can increase the stock market re-
action at the time of announcements and reduce the post-earnings
announcement drift. That is, pre-earnings options trading can actu-
ally help attenuate the stock market under-reaction. The net effect
of pre-announcement options trading on stock market response
depends on the relative dominance of the information preemp-
tion and under-reaction correction. By examining the options trad-
ing volume in the context of PEAD, we provide additional support
for the under-reaction correction hypothesis among firms with the
presence of active options trading.

Our paper also connects the informed options trading literature
to the literature on stock market response to earnings announce-
ments. One emerging strand of the options trading literature ex-
amines the informational content of implied volatility spread (Bali
and Hovkimian, 2009; Xing et al., 2010; Cremers and Weinbaum,
2010). While there has been ample evidence that implied volatil-
ity spread has significant predictive power on future stock returns
during normal times, very few studies examine whether and how
implied volatility spread pertains to future stock returns around
significant corporate events such as routine earnings announce-
ments. This paper examines the patterns of implied volatilities im-
mediately before earnings announcements and studies its relation
to stock market reactions to releases of earnings.

Like Turong and Corrado (2014), we examine in this paper im-
plications of options trading on stock market response to earnings
announcements. A main distinction between our paper and Turong
and Corrado (2014) lies in our focus on both implied volatility
spread and options trading volume. We argue that volatility spread
provides a cleaner and more powerful metric for the nature of pre-
earnings options trading than unsigned options trading volume,
which may lead to contaminated inferences.

This paper also updates the earnings response coefficient (ERC)
framework. We embed the volatility spread metric into this frame-
work to examine the stock market response to significant corpo-
rate information events. This novel design allows us to have a more
complete picture of how varying degree of options trading affects
the stock market response. To the best of our knowledge, this is
the first paper that connects the volatility spread metric to the
earnings response coefficient literature.

The rest of the paper is organized as follows. We survey the re-
lated strands of literature in Section 2 and develop the empirical
hypotheses in Section 3. The data and methodology used in this
paper are discussed in Section 4. Section 5 presents the main em-
pirical findings of this paper. Two sets of robustness check on the
empirical design of key variables are conducted in Section 6. We
conclude in Section 7.

2. Literature review
In this section, we briefly review the existing literature about

the stock market response to EAs in the presence of options trad-
ing. Our literature review is centered around two closely related
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research themes: the informed options trading literature and the
ERC literature to quantify the stock market reaction.

2.1. Informed options trading literature

In the Black-Scholes (1973) framework, options are redundant
derivatives since their payoffs can be replicated by the underly-
ing securities in complete markets and their values derive from the
underlying assets. Consequently, options trading should convey no
new information to the market participants. However, in the ab-
sence of complete markets, options may no longer be redundant.
Coupled with features such as low costs, high leverages and ab-
sence of short-sales constraints, informed traders can view options
as superior investment vehicles and choose to trade options to cap-
italize on their private information. Consequently, price discovery
takes place in the options market and options trading enhances
informational efficiency in the underlying stock market. Consistent
with this argument, Chakravarty et al. (2004), among others, doc-
ument supporting evidence that the options market contributes
about 17 percent of the stock price discovery.

As options listing became increasingly prevalent over recent
years, subsequent studies focus on the informational content of
options trading. Along this line researchers have focused primar-
ily on the informational content of options volume. Amin and
Lee (1997) document unusual options market activity immediately
before earnings announcements. They further show that option
traders initiate a greater proportion of long (short) positions before
positive (negative) earnings news. Easley et al. (1998) construct a
theoretical model for trading volume in the options market and
argue that options trading is informative about future stock prices
since more sophisticated traders with private information choose
to trade options first. Cao et al. (2005) confirm the price discovery
role of the options market by showing that the takeover targets
with the largest increases in pre-announcement call-imbalance ex-
perience the highest announcement-day returns. Pan and Potesh-
man (2006) present strong evidence that their constructed put-
call ratio predicts future stock returns. Roll et al. (2010) show
that their proposed options to stock volume ratio (O/S) is higher
around earnings announcements. They also demonstrate that post-
announcement absolute returns are positively related to pre- an-
nouncement O/S, which they interpret as supportive evidence that
at least part of the pre-announcement options trading is informed.
Johnson and So (2012) find that the O/S ratio also predicts future
firm-specific earnings news, consistent with O/S reflecting private
information.

Albeit insightful, the options trading volume as the main met-
ric for informed trading in the existing literature has its lim-
itations, often requiring either high-frequency data on options
trades and quotes or proprietary data. For instance, both Amin
and Lee (1997) and Cao et al. (2005) employ the Berkeley Options
Database, which covers time-stamped options trades and quotes
from 1976 to 1995. In comparison, Pan and Poteshman (2006)’s
construction of the put-call ratio requires a proprietary dataset
that is not publicly available. In this paper, we advocate using
implied volatility spread instead to address the data availability
issue.

A growing strand of literature has turned to implied volatili-
ties and volatility spread to infer information about the underly-
ing stock. Implied volatility spread is defined as the difference be-
tween call implied volatility and put implied volatility, where call
options and put options are matched on strike prices and maturi-
ties. Under perfect market conditions and for a given strike price
and maturity combination, call implied volatility should be the
same as the put implied volatility since both of them are mea-
suring the forward-looking volatility of the same underlying stock.
Directional move of the underlying stock price, however, can cause

significant deviations of the call implied volatility from the put im-
plied volatility. For instance, positive information about the under-
lying stock can drive up the demand for and the prices of calls as
opposed to puts. The relative pricing pressure on calls translates
into more expensive calls, and thus higher call implied volatilities.
Similarly, negative information induces more expensive puts, lead-
ing to higher put implied volatilities.

A few influential studies have demonstrated that implied
volatility spread has strong predictive power on the future stock
returns. Bali and Hovkimian (2009) document that the call-put im-
plied volatility spread reflects the future price increase of the un-
derlying stock. Cremers and Weinbaum (2010) show that devia-
tions from put-call parity contain information about future stock
returns beyond short sales constraints. Stocks with relatively ex-
pensive calls (higher call implied volatilities relative to put implied
volatilities) outperform stocks with relatively expensive puts by 50
basis points on a weekly basis. Such predictability is robust to the
firm size and varies with option liquidity and the underlying stock
liquidity. Xing et al. (2010) examine the predictive power of a vari-
ation of volatility spread, i.e., the volatility smirk among a cross
section of stocks.” They find that stocks exhibiting the steepest
smirks in their traded options underperform stocks with the least
pronounced volatility smirks in their traded options by 10.9 per-
cent on an annual basis after risk adjustment.

It is worth pointing out that most of the extant studies on
volatility spread has primarily focused on the forecasting power
during regular times and along the time series dimension. We turn
to one of the most important corporate information events: the
earnings announcements. We are able to verify and reinforce the
predictive power of volatility spread around such special time win-
dows using a cross section of EAs.

2.2. Stock market response to EAs and the ERC literature

One related strand of literature focuses on the implications of
options listing on the underlying stock market. Several papers have
shown that options listing greatly enriches the information envi-
ronment of the stock market and contributes to stock price in-
formativeness. Jennings and Starks (1986) demonstrate that the
optioned stocks adjust much faster to earnings announcements
as compared to non-optioned stocks. Skinner (1990) documents
a dramatic increase in analyst following one year after the in-
troduction of options listing and argues that this indicates more
private information becoming available in the market. Damodaran
(1991) and Ho (1993) document a significant increase in institu-
tional holdings after options listing. Ho (1993) also shows that op-
tioned firms receive about 50 percent more news coverage by the
Wall Street Journal than non-optioned firms. Ho et al. (1995) show
that the analyst forecast accuracy increases significantly after op-
tions listing. Kumar et al. (1998) provide supportive evidence of
options listing improving the market quality of the underlying
stocks - a decrease in the bid-ask spread and an increase in quoted
depth, trading volume, trading frequency and transaction size of
the underlying stock. It is now generally agreed that options listing
leads to greater information acquisitions as well as more efficient
information processing, thus making the stock price more informa-
tive.

Another line of research focuses on the role of options listing
when examining the relationship between the stock price reac-
tion to earnings announcements and economic variables that cap-
ture or relate to information production and revelation surround-
ing earnings announcements. The intuition is that stock price re-
action to an earnings announcement should be smaller for firms

2 Volatility smirk is defined as the difference between implied volatilities of out-
of-the-money put options and at-the-money call options.
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with more information production and revelation through finan-
cial press coverage (Grant, 1980), firm size (Atiase, 1985; Freeman,
1987; Collins et al., 1987), and analyst attention (Dempsey, 1989;
Lobo and Mahmoud, 1989; Shores, 1990) because more of the
potential information contained in earnings has been preempted
(Atiase, 1994).

Skinner (1990) examines the role of options listing using the
widely studied stock return-earnings framework and tests for
changes in the stock’s earnings response coefficient, defined as the
estimated regression slope for a variable such as standardized un-
expected earnings (SUE) explaining abnormal return at the time of
earnings announcements. He finds a smaller earnings response co-
efficient after options listing. Ho (1993) and Ho et al. (1995) fur-
ther confirm the reduction in earnings response coefficients due to
options listing.

However, Mendehall and Fehrs (1999) argue that the decrease
in the stock-price response to earnings, as documented by Skinner
(1990), may result from concurrent changes in firm size and chang-
ing market conditions. Using 420 firms initiating options trading
during 1973-1993, they find that firms initiating options trading
after 1986 fail to exhibit a significant decline in the earnings re-
sponse. They further provide evidence that options listing may ac-
tually increase the stock price response to earnings, contrary to the
findings from prior studies.

The options listing status may not be the most effective gauge
for the stock price response to earnings releases for two reasons.
First, options listing can be endogenous. Systematic changes to the
firms and market conditions can drive both options listing and
changes in the informational content of firms’ earnings announce-
ments. As Skinner (1990) points out, “... optioned firms change in
systematic ways between pre- and post-listing periods. It is possible
that these systematic changes are related to the options exchanges’
decision to list the firm and to the observed change in the informa-
tion content of these firms’ earnings releases. In other words, options
listing is endogenous, which makes it difficult to conclude that options
listing causes changes in the information content of these firms’ earn-
ings releases.”

Second, the binary outcomes form using options listing status
(firms with listed options versus firms without listed options) over-
look the heterogeneity of options trading among firms with listed
options. The options trading activities can be infrequent for some
firms but very active for others. The information role of options
may vary significantly depending on how easily informed trades
can exploit trading opportunities in options. Consequently, infer-
ences based on this dichotomy implicitly assume that the ben-
efits of trading options are homogeneous across optioned firms.
Where options trading volume is thin, the implication of options
listing may be closer to the case without options listing. Admati
and Pfleiderer (1988) point out that if options markets have insuf-
ficient trading volumes, informed traders would find no advantage
to trade options. Roll et al. (2009) concur with this argument and
emphasize that, “...it can be argued that ceteris paribus, markets for
claims in firms with higher options trading volume should be more
informationally efficient and thus valued more highly. It is worth not-
ing that mere listing an option does not necessarily imply a valuation
benefit ... Any valuation benefit of options listing should depend on
substantial trading activity.”

In this paper, we rely on the use of volatility spread to cap-
ture informed trading in the options market while at the same
time examine the confounding effects of varying degrees of the
options market trading activities. Such an approach is not only
more up-to-date but also allows us to gain significant insights into
the economics of options trading on the stock market response to
EAs.

3. Hypothesis development
3.1. Speculative versus informed trading hypothesis

Earnings announcements provide an ideal setting to investi-
gate the motives and implications of pre- announcement options
trading. Earnings announcements are regularly scheduled corporate
events. Investors anticipate the earnings announcement date (EAD)
in advance and firms typically refrain from postponing announce-
ments to avoid unfavorable market response.®> Arguably, the sched-
uled announcement dates promote speculative trading prior to
these announcements. Moreover, earnings announcements can be
rich in information that moves the market. Prior to the announce-
ments, uncertainty about the upcoming announcements builds up
and does not get resolved until announcements are actually made.
During an earnings release, firms often announce how they have
performed in the most recent quarter, which may or may not be
consistent with market expectations. Any slight difference between
the market consensus estimate of earnings per share (EPS) and the
actual EPS could generate substantial market reactions.* In addi-
tion, firms usually revise and update their outlook for future quar-
ters, often leading to market price revisions. The information in-
tensity generates substantial trading interest from both speculative
and informed investors prior to the earnings announcements.

The market-moving potential of earnings announcements, com-
bined with unique features of options trading such as high lever-
age, induces investors to trade options before such announcements.
Not surprisingly, two alternative hypotheses have been proposed to
explain the pre-announcement options trading: speculated trading
hypothesis and informed trading hypothesis. The speculated trad-
ing hypothesis postulates that speculative traders choose to estab-
lish their options position in advance, attempting to profit from
the subsequent move in the underlying stock price when the an-
nouncement is made and the uncertainty is resolved. In contrast,
the informed trading hypothesis argues that strategic traders, who
are privately informed about upcoming announcements regarding
the firms’ current or future performance, engage in options trading
to capitalize on their private information.

While it is difficult for researchers to disentangle these two dif-
ferent trading motives ex ante, implied volatility spread provides
an ideal metric to detect and identify informed trading prior to
earnings announcements. Clearly the sign of this measure can be
verified ex post against earnings announcements to validate the
informativeness of options trading, as positive (or negative) volatil-
ity spread should precede positive (negative) news on earnings un-
der the informed trading hypothesis. Speculative trading lacks this
directional view in contrast. Existing studies rely on the associa-
tion between the stock return skewness in previous quarter and
the put-call volume ratio to test the speculative trading hypothesis
(Alldredge et al.,, 2011). Using implied volatility spread in this pa-
per makes it possible to conduct a clean and direct test on whether
pre-announcement options trading is predominantly driven by in-
formed traders.

If earnings announcements contain market-moving informa-
tion and pre-announcement options trading is driven by informed
traders, then trades by these informed traders will certainly exert
pricing pressure on calls and puts. Consequently, there are likely
more occurrences of deviations between the call and put implied

3 Bagnoli et al. (2002) show that any delay in scheduled earnings announcements
leads to significantly negative stock price reactions and economic losses for such
firms, a situation they refer to as “a day late, a penny short”.

4 For example, on September 28, 1998, former SEC Chairman Arthur Levitt deliv-
ered a speech entitled “The ‘Numbers Game™ in which he mentioned a company
that missed its numbers by a single penny lost 6 percent of its stock value on a
single day.
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volatilities immediately before earnings announcements as com-
pared to normal times. In other words, we expect abnormal im-
plied volatility spread before earnings announcements.

To support the informed trading hypothesis, the sign validation
discussed earlier indicates that call implied volatility should exceed
put implied volatility prior to positive earnings news, leading to an
increase of implied volatility spread immediately before earnings
announcements as opposed to normal times. In other words, we
expect the deviations between call and put implied volatilities to
be consistent with the nature of the information released in earn-
ings announcements.

Our first hypothesis summarizes the above two implications.

Hypothesis 1a: If pre-announcement options trading is driven by
informed traders, then there will be frequent occurrences of sizeable
spread between call and put implied volatilities immediately before
the earnings announcements.

Hypothesis 1b: If the implied volatility spread is a measure of in-
formed trading, then it should be consistent with the direction and
magnitude of new information revealed by the earnings announce-
ments.

3.2. Stock market response to EAs

We next examine how pre-announcement options trading af-
fects the way the stock market responds to the information re-
leased through EAs. For this exercise, we follow the literature and
adopt the earnings response coefficient (ERC) framework.” In this
framework researchers often employ the announcement return to
proxy for the stock market reaction and the standardized unex-
pected earnings (SUE) to proxy for the amount of new informa-
tion.% Regressing the announcement return on SUE helps uncover
the magnitude of stock market responses. A positive and statisti-
cally significant estimated slope for SUE is interpreted as a strong
stock market response to the earnings release.

The ERC framework is intuitive yet flexible enough to accom-
modate the addition of interaction terms between SUE and ad-
ditional variables of particularly interest to researchers. The set
of explanatory variables can include dummy variables taking the
value of 1 for certain firm characteristics and 0 otherwise. For in-
stance, when examining the effect of options listing on the infor-
mational efficiency of the underlying stock price, researchers have
included an interaction term between SUE and a dummy variable
for options listing status (Skinner, 1990; Mendenhall and Fehrs,
1999; Turong and Corrado, 2014). The use of interaction terms
greatly facilitates the comparison of differentiated stock market re-
sponses to earnings news, thus allowing researchers to gauge the
stock market responses across firms with different attributes. The
caveat is that SUE is a noisy measure for new information and the
ERC regression test may not have the desired statistical power.

3.2.1. Information preemption hypothesis

One may naturally anticipate the improvement of stock price
efficiency, provided that pre-announcement options trading is in-
deed dominated by investors who are privately informed about the
upcoming earnings announcements. Pre-announcement options
trading by informed traders should help reveal at least part of their

5 The ERC framework is widely used in accounting and financial research, includ-
ing Skinner (1990), Ho (1993), Ho et al. (1995), Mendenhall and Fehrs (1999), Livnat
and Mendenhall (2006), Truong et al. (2012), Truong and Corrado (2014), among
others.

6 There are at least three alternative measures of SUEs. In this paper we follow
Livnat and Mendenhall (2006) and define SUE as the actual EPS minus the analyst
consensus estimate, scaled by the closing price in the previous quarter. We conduct
robustness check using the other two measures of SUE and the main results remain
qualitatively the same.

private information. The more active the pre-announcement op-
tions trading, the more information will be incorporated into stock
prices prior to earnings announcements. Consequently, the mag-
nitude of stock market response will be reduced upon announce-
ment of earnings, since pre-announcement options trading has par-
tially preempted the market-moving information in earnings. We
refer to this argument as the information preemption hypothesis.

We test the intuition behind the ERC framework using the fol-
lowing regression design,

AnnRet = Bo + B1 - SUE + B, - SUE - Opt Trading Variable
K
+ " Bx - Control Variables + &
k=3

Following Skinner (1990), we construct the announcement ab-
normal return (AnnRet) as follows. With the date of announcement
denoted by t, we first estimate a market model over the win-
dow [t-210, t-31] for firm-level stock returns. Abnormal returns are
then calculated as daily stock returns in excess of predicted daily
returns based on the estimated market model. We cumulate the
daily abnormal returns over the event window [t-1, t+1] to arrive
at the announcement abnormal return AnnRet.

We follow Livnat and Mendenhall (2006) and define standard-
ized unexpected earnings (SUE) as the actual reported earnings per
share minus the median analyst forecast within 90 days prior to
the earnings announcement date, scaled by the closing price in the
previous quarter. The SUE variable is the main explanatory variable
in the ERC framework.

In this regression we use implied volatility spread as the op-
tions trading variable. The implied volatility spread is a desirable
metric in this context because it captures the pricing effects of op-
tions trading. In comparison, existing studies have typically used
unsigned option volumes due to the lack of intraday option data on
trades and quotes that are publicly available. The unsigned volume
can potentially contaminate inferences about the informed trading
hypothesis, thus the implied volatility spread can be a better proxy.

Several papers (Bali and Hovakimian, 2009; Cremers and Wein-
baum, 2010) use the raw volatility spread to predict future stock
price movement. Instead of relying on the level of implied volatil-
ity spread, we examine the change in the implied volatility spread
during the period immediately before earnings announcements
compared to normal times. This is more appropriate given our fo-
cus on gauging the incremental information revealed through the
pre-announcement options trading.

3.2.2. Under-reaction correction hypothesis

One salient feature of earnings announcements is the well-
documented PEAD anomaly in the literature. While there are alter-
native explanations for this anomaly, it is now generally accepted
that the stock market underreacts to earnings releases for various
reasons. Given that the stock market underreacts to earnings sur-
prises, it is likely that pre-announcement options trading by in-
formed traders helps alleviate this under-reaction and speeds up
the stock price adjustment process. We refer to this argument as
the under-reaction correction hypothesis.

The under-reaction correction hypothesis is a natural extension
of the existing literature on the implications of options listing sta-
tus and trading. There are several mechanisms through which the
options market activities mitigate the stock market under-reaction.
First, there is a transaction cost perspective. Fedenia and Gram-
matikos (1992) document evidence of a drop of about 20 per-
cent in average bid-ask spread among NYSE firms that have just
initiated options trading. Bhushan (1994) argues that transaction
costs, along with differential abilities among investors to process
information, can lead to investor under-reaction and post-earnings
announcement drift. Mendenhall and Fehrs (1999) point out that
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while the uninformed trades tend to make the price deviate from
the market-moving information in earnings releases, the informed
trades move prices in the proper direction. It is thus plausible that
higher pre-announcement options trading reduces equity transac-
tion costs and relaxes the constraints among traders who are con-
scientious of transaction costs, thus providing camouflage for ad-
ditional informed trades. The presence of more informed trades
in turn moves the stock price closer to the right level, effectively
reducing the stock market under-reaction to earnings announce-
ments. Consistent with this view, Govindarajet al. (2012) argue that
options traders are less susceptible to the under-reaction bias as
compared to equity traders.

Second, there is a price discovery perspective. Options trading
can reduce the market under-reaction by speeding up the price
discovery process. Jennings and Starks (1986) document solid evi-
dence that optioned firms adjust to the quarterly earnings releases
much faster than non-optioned firms.

There is also an investor attention perspective. A number of
studies of investor behavior have argued that, contrary to what
standard economic models assume, investors’ attention is limited.
When investors do not pay enough attention to the information
released in the earnings announcements, the stock market may
under-react to the earnings announcements (Hou et al., 2009; Hir-
shleifer et al., 2009; Della Vigna and Pollet, 2009). Consequently,
active options trading immediately before earnings announcements
may indicate increased investor attention, thus leading to under-
reaction correction.

Overall, the pre-announcement options trading can have an ef-
fect contrary to the muted response under the information pre-
emption hypothesis. The higher the pre-announcement options
trading, the more likely that it accelerates the price discovery pro-
cess and promotes market efficiency, thus making the stock market
response more complete. In other words, the under-reaction correc-
tion hypothesis predicts a positive effect on the earnings response
coefficients. Consequently, in the above regression framework, the
slope coefficient estimate before the interaction terms is expected
to be positive and significant.

Taken together, the effect of pre-announcement options trading
on the stock market response is thus an empirical question. The
information preemption hypothesis predicts a negative and signif-
icant sign whereas the under-reaction correction hypothesis pre-
dicts a positive and significant sign in the ERC framework. These
two countervailing forces may even offset each other, leaving no
detection of statistical significance. We thus leave the significance
and signs before the interaction terms to be empirically deter-
mined by the data. Our second hypothesis formally summarizes
the above discussion.

Hypothesis 2: If higher pre-earnings options trading mainly helps
preempt information prior to the earnings announcement date, then
stock market response should become weaker. On the other hand, if
higher pre-earnings options trading mainly helps mitigate stock mar-
ket under-reaction, then stock market response should be stronger.

3.3. The role of options trading volume

Our next hypothesis examines the implication of options trad-
ing volume. While existing studies have found evidence of the abil-
ity of the signed options trading volume to forecast future stock
price movement, data limitations prevent us from using signed op-
tions trading volume as a proxy for informed trading. However, this
does not necessarily imply that options trading volume is irrele-
vant in our context. On the contrary, options trading volume has
at least two confounding effects on the under-reaction correction
effect we hypothesize in the previous section. In what follows we
elaborate on these two effects in more details.

The first confounding effect is the camouflage effect. Strategic
trading models such as Kyle (1985, 1989), Admati and Pleiderer
(1988), Holden and Subramanyam (1992), Foster and Viswanathan
(1994,1996), Huddart et al. (2001) argue that informed traders will
try to hide their trades among liquidity trading so as to prevent
their private information from being revealed fully and instanta-
neously. To the extent that higher pre-earnings options trading vol-
ume provides better camouflage, it is possible that higher options
trading volume will induce more informed trading, and hence, the
stock market under-reaction can be mitigated.

Another confounding effect is the investor attention effect. A
stream of recent literature has argued for the use of options trad-
ing volume as a proxy for investor attention. In the following we
branch out to discuss the latest development in this literature be-
fore formally introducing our next hypothesis.

The importance of human beings’ attention dates back to at
least Kahneman (1973), who points out that attention is a scarce
cognitive resource and that there is a limit to the central cognitive-
processing capacity of human brains. In recent years, researchers
have focused on the implication of investors’ limited attention in
the financial markets. An increasing number of theoretical and em-
pirical studies have shown that limited attention can cause in-
vestors to neglect useful information, thus leading to stock price
under-reaction. Peng (2005), and Peng and Xiong (2006) have built
theoretical models to show that when investors are subject to lim-
ited attention, they may ignore earnings announcements, resulting
in stock price under-reaction to earnings releases. Consistent with
this argument, Hirshleifer et al. (2009) and Della Vigna and Pollet
(2009) have demonstrated that stock prices show weaker immedi-
ate reaction but stronger post-announcement drift for earnings an-
nouncements that are made on days when more firms announce
their earnings or on Fridays during which market participants are
usually less attentive to business.

While there are many empirical proxies for investor attention
such as firm size and analyst coverage, trading volume has been
proposed as a valid proxy. The intuition is simple but appealing.
Active trading involves investors’ attention in analyzing their port-
folios and asset fundamentals. When investors pay less attention
to a stock, it is less likely that they will trade. On the other hand,
more investor attention, combined with behavioral biases such as
overconfidence, may lead to heterogeneous opinions among in-
vestors and generate more trading. Some researchers have further
argued that trading volume can be a superior proxy. Lo and Wang
(2000) show that trading volume tends to be higher among large
stocks which tend to attract more investor attention. Hou et al.
(2009) point out that although size and analyst coverage approxi-
mate for the amount of information available in the public domain,
how closely investors monitor the revelation of such information
may be unrelated to size and analyst coverage. Chordia and Swami-
nathan (2000) show that even after controlling for size, high vol-
ume stocks tend to respond more quickly to market-moving infor-
mation than do low volume stocks, suggesting the possibility that
trading volume contains information about investor attention be-
yond firm size. Gervais et al. (2001) demonstrate that the rising
volume raises a stock’s visibility and attracts more investor atten-
tion.

If investors’ limited attention is at least partially captured by
options trading volume, then higher pre- announcement options
trading volume indicates increased investor attention before such
announcements. The heightened investor attention immediately
prior to earnings announcements can help alleviate the stock mar-
ket under-reaction and make the stock market response more com-
plete at the time of announcements.

Taken these two effects together, we expect a stronger under-
reaction correction effect among earnings announcements with
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higher pre-announcement options trading volume. This intuition is
summarized in Hypothesis 3.

Hypothesis 3: The under-reaction correction effect should
be stronger among earnings announcements with higher pre-
announcement options trading volume.

3.4. Post-earnings announcement drift effect

When discussing the implications of pre-announcement options
trading on the abnormal announcement return in Section 3.2, we
illustrated the contrast between the information preemption effect
and the under-reaction correction effect. If pre-announcement op-
tions trading indeed helps reduce the stock market under-reaction
to earnings news and makes the stock market response more
complete, then the post-earnings announcement drift is naturally
expected to be smaller among announcements corresponding to
higher pre-announcement options trading. In other words, much of
the under-reaction has been “corrected” by the informed options
trading before such announcements.

To test this intuition, we focus on the post earnings announce-
ment drift (PEAD) term instead of the abnormal announcement re-
turn as the dependent variable. To construct PEAD, we cumulate
abnormal stock returns over the time window [t+2, t+91], where
t denotes the earnings announcement date.

PEAD = yy + y1 - SUE + v, - SUE - Opt Trading Variable
K
+>_ i - Control Variables + &
k=3

In the revised regression framework above, the explanatory
variables include SUE, the interaction term between SUE and the
options trading variable, as well as other control variables relevant
for post earnings announcement drift. To be consistent with the
under-reaction correction hypothesis, a negative value is expected
for the estimated slope coefficient before the interaction term be-
tween SUE and the options trading variable. Hypothesis 4 formally
summarizes the above intuition.

Hypothesis 4: If pre-announcement options trading at least par-
tially corrects stock market under-reaction to earnings announce-
ments, then a weaker post earnings announcement drift is expected
among announcements with higher options trading prior to earnings
news.

4. Data and methodology

This study utilizes a number of data sources. Daily returns on
individual stocks and the stock market index are retrieved from the
Center for Research in Securities Prices (CRSP). We obtain financial
information about the sample firms from Compustat. Institutional
ownership data are extracted from Thomson Reuters Institutional
Holdings (S34) database. Common firm identifiers such as CUSIP
numbers and ticker symbols are used to match observations from
different databases. In the rest of this section we focus on the de-
tails of constructing the final sample of optioned firms along with
their earnings announcements.

4.1. Options data

Our options trading data come from the Ivy DB Option-
Metrics database, which has evolved into the industry standard
for options-related research with data available since January 1996.
OptionMetrics provides the end-of-the-day summary data of op-
tion volumes as well as the best bid and best offer prices for each
optioned stock with contracts distinguished by option class (call or
put), strike price, and maturity.

OptionMetrics estimates implied volatility for each traded op-
tion contract utilizing a proprietary pricing algorithm based on the
binomial tree model and iterating its numerical optimization un-
til the model price of an option converges to the midpoint of best
closing bid and best closing offer prices. These estimates of im-
plied volatilities allow for underlying securities with dividend pay-
ments and early exercise possibilities, while carrying the strengths
and weaknesses of the underlying model. We compute the im-
plied volatility spread for a given stock as the difference between
the implied volatility for call and put options with matching strike
prices and maturities. This spread measure may reduce the noise
in the implied volatilities given the convention of OptionMetrics of
relying on the midpoint of the best closing bid and offer prices as
the market price of a given option.

It has been reported that OptionMetrics contains a number of
data errors.” We apply a number of filters to deal with the re-
ported data errors contained in OptionMetrics. These data errors
are mainly related to identical observations, zero best bid prices,
and missing values for implied volatility.

4.2. Earnings announcement data

For data on earnings announcements, we primarily rely on the
Institutional Brokers’ Estimate System (I/B/E/S) database. The ac-
tuals file from the I/B/E/S database provides earnings announce-
ments data, including firm names, firm identifiers and earnings
announcement dates. Following Livnat and Mendenhall (2006), we
apply a number of filters to the universe of the earnings announce-
ments obtained from the I/B/E/S database. More specifically, the
earnings announcement date reported in Compustat and I/B/E/S
should not differ by more than one calendar day; the price per
share is available from Compustat at each fiscal quarter end; the
price is greater than $1; and the market and book values of eq-
uity at fiscal quarter end are available and are larger than $5
million.

We follow the standard ERC literature when constructing the
main variables that are used in the empirical analysis. Two key
variables, the cumulative announcement abnormal return (AnnRet)
and the standardized unexpected earnings (SUE) are defined and
discussed in Section 3.2. In addition, we also construct a number
of control variables to capture firm- and event-specific character-
istics while following the standard practice in the literature (Lei
and Wang 2014). We compute the market capitalization for each
firm (Size) as the natural log of shares outstanding multiplied by
the closing price at the month end prior to the earning announce-
ments. The pre-announcement stock price run-up (Runup) is de-
fined as abnormal stock returns cumulated over [t—30, t—2]. It
serves as a proxy for information leakage in the days immediately
before corporate announcements. Past stock returns (PastRet) are
defined as the buy-and-hold stock return cumulated over [t—210,
t—31]. The book-to-market ratio (BM) is the book value of equity
divided by the market value of equity calculated as of the previous
fiscal quarter end. The institutional ownership ratio (IOR) is calcu-
lated as the shares held by institutional money managers who file
13(f) reports with the SEC divided by the number of shares out-
standing as of the previous quarter. Our sample period covers from
1996 to 2015. A total of 128,438 earnings announcements survive
all the filters after matching across variable databases. Table 1 de-
scribes summary statistics of these variables.

7 Ofek et al. (2004) and Battalio and Schultz (2006) discuss the data errors in the
OptionMetrics database.



8 Q. Lei, XW. Wang and Z. Yan/Journal of Banking and Finance 119 (2020) 105126

Table 1

Summary statistics of core and control variables

This table presents the summary statistics of the variables used in the empirical analysis. The announcement return (AnnRet) is defined as abnormal returns cumulated
over the event window [t-1, t+1], where t denotes the earnings announcement date. A market model is estimated over the estimation window [t—210, t—31] to obtain
the alpha and beta parameter estimates. The daily abnormal return series is computed as the daily stock return in excess of the predicted daily return using the estimate
coefficients from the market model. The standardized unexpected earnings (SUE) is calculated as actual reported earnings per share minus median analyst forecast within
90 days prior to earnings announcement date, deflated by the closing price in the previous quarter. Size is the market capitalization measured as natural log of shares
outstanding multiplied by closing price. The pre-announcement stock price run-up (Runup) is defined as the abnormal stock returns cumulated over [t—30, t—2]. Past
stock return (PastRet) is defined as the buy-and-hold stock return cumulated over [t—210, t—31]. Vspread is abnormal implied volatility spread cumulated over the event
window [t-5, t-2]. Implied volatility spread is defined as the difference between the call and put implied volatility, where call options are matched with put options based
on the strike prices and maturities. Implied volatility spread is averaged across all matched pairs for each underlying stock. The abnormal implied volatility spread for
each day in the event window is calculated by subtracting the average volatility spread over the benchmark window [t-35, t-6] from the daily volatility spread and then
cumulated to obtain the cumulative abnormal implied volatility spread. BM is the book to market value ratio. IOR is the institutional ownership defined as the institutional
holdings divided by the shares outstanding. OptVolume is the abnormal option volume cumulated over the event window [t—5, t—2]. Daily abnormal option volume is
calculated by subtracting the average options trading volume over the benchmark window [t—35, t—6] from the daily option volume in the event window [t—5, t-2],

which is then cumulated over the pre-announcement window to obtain the cumulative abnormal option volume.

Variable No. of obs. Min. 25th 50th 75th Max. Std.

AnnRet 128,438 —0.969 —-0.038 0.002 0.045 1.357 0.090
SUE 128,438 —4.036 0.000 0.000 0.002 1.599 0.035
Size 128,438 8.835 13.225 14.196 15.307 20.424 1.559
Runup 128,438 -1.635 —0.054 0.001 0.056 2.967 0.125
PastRet 128,438 —0.960 -0.129 0.052 0.235 30.923 0.477
Vspread 128,438 —5.092 -0.024 0.001 0.026 2.771 0.078
BM 128,438 -101.736 0.255 0.445 0.721 24.002 0.725
IOR 128,438 0.000 0.545 0.710 0.842 6.656 0.232
OptVolume 128,438 —141.881 —0.040 0.009 0.092 471.324 1.826

5. Empirical analysis

5.1. Sizeable implied volatility spread immediately before earnings
announcements

Under Hypothesis 1a, we expect a large spread between call
and put implied volatilities occurring frequently when the pre-
announcement options trading is driven by informed traders. After
identifying sizeable spreads to ensure comparability across firms
and events, we examine the fraction of sizeable spread during the
30-day period prior to the date of earnings announcement and
check for any potential trend across six five-day windows over the
same period.

What is considered a sizeable spread between call implied
volatility and put implied volatility for one stock may not neces-
sarily be large for a different stock. Even for the same stock, the
magnitude of implied volatility spread can change over time. It has
also been documented that relative to calls, puts appear to be more
expensive than theoretical predictions, leading to an often nega-
tive estimate of implied volatility spread. Therefore, it is important
to put the implied volatility spread in the stock-specific historical
context when classifying a sizeable spread.

We use the following empirical procedure to identify a sizeable
spread. For each underlying stock in a given day, we first match
calls with puts on the basis of strike prices and maturities, and
calculate the implied volatility spread as call implied volatilities
in excess of put implied volatilities. In the presence of multiple
pairs of matched call and put options for a given underlying stock,
we average across all matched pairs for the same day.® Once the
daily implied volatility spread series is available at the stock level,
we calculate the stock-specific time-series average and standard
deviation of the daily implied volatility spread before standard-
izing the implied volatility spread. A sizeable spread is identified
when the absolute value of the standardized volatility spread ex-
ceeds a threshold value. In our empirical exercise, we employ both
1.96 and 2.58 as alternatives for the threshold value for the simple
consideration that for a normally distributed random variable, 95

8 We also experiment with alternative weighting schemes such as weighting by
open interest and weight by trading volume. The weighting schemes have little im-
pact on the reported results.

(99)% of the area under the normal curve lies within 1.96 (2.58)
standard deviations of the mean. ?

For each announcement, we calculate the fraction of sizeable
spreads as the ratio of total instances of sizeable spreads to the
total number of matched call-put pairs. We then take the cross-
sectional average fraction of sizeable spreads across each of the six
five-day windows prior to the earnings announcement date. Table
2 reports the fraction of sizeable spreads using options with differ-
ent maturities (30-day, 60-day and 90-day).

One striking result is that the fraction of sizeable spreads in-
creases monotonically as we approach the date of earnings an-
nouncement. This pattern is robust regardless of whether we use
the threshold value of 1.96 or 2.58 to classify sizeable spread. It
also holds true in all three maturities with the strongest effect
among options with maturities of 30 days or less. During the 30-
day observation period prior to the earnings announcement date,
the fraction of sizeable spreads jumps from 11.38% at the earliest
5-day sub-period to 14.81% at the most recent 5-day sub-period
(i.e., an increase of 30%) when the threshold value of 2.58 is used
to define sizeable spread. The observation of more sizeable spreads
among short-term options is quite understandable. Intuitively, in-
formed traders would primarily trade short-term options since
their private information about the upcoming announcements is
often short-lived.

In untabulated results, we also test for the statistical signifi-
cance of the difference between the fraction of sizeable spread in
the five-day window immediately before the earnings announce-
ment date and that in the other five more distant five-day win-
dows. All these differences are reliably different from zero. Overall,
the evidence presented in Table 2 lends support to Hypothesis 1a.

5.2. Implied volatility spread prior to extreme announcements

To separate speculative trading from informed trading, it is im-
portant to examine whether the sign and magnitude of the implied

9 We thank an anonymous referee for pointing out the importance of the choice
for the threshold value. We choose to use 1.96 and 2.58 as the threshold value
since while we don’t perform rigorous tests for the time series properties of implied
volatility spread, these two values largely serve our intention to define the implied
volatility deviations between calls and puts as small probability events.
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Table 2

Unconditional fraction of sizeable implied volatility spread.

This table presents the fraction of sizeable implied volatility spread during the one-month period leading up to the earnings announcement date. The pre-announcement
one-month period is divided into six five-day windows. A sizeable implied volatility spread is detected when the absolute value of implied volatility spread deviates from
its time series average by a threshold number of standard deviations. For each announcement, the fraction of sizeable implied volatility spread is defined as total instances
of sizeable implied volatility spread divided by the total number of matched call-put pairs. A cross-sectional average fraction of sizeable implied volatility spread is then
computed across all announcements for each five-day window. The first column reports the threshold value used to define sizeable implied volatility spread, either 1.96 or
2.58. The second column documents the maturity of options used. The last six columns provide the cross-sectional average fractions of sizeable implied volatility spread
corresponding to the six five-day windows prior to the earnings announcement date.

Std. dev. Maturity [t-30,t-26] [t-25,t-20] [t-20,t-16] [t-15,t-11] [t-10,t-6] [t-5,t-1]
1.96 90-day 13.35% 13.61% 13.80% 14.01% 14.34% 14.92%
60-day 13.74% 14.08% 14.36% 14.53% 14.93% 15.70%
30-day 17.69% 18.79% 19.45% 19.71% 20.60% 21.77%
2.58 90-day 8.18% 8.39% 8.53% 8.72% 8.93% 9.40%
60-day 8.46% 8.71% 8.91% 9.08% 9.34% 9.96%
30-day 11.38% 12.23% 12.66% 13.01% 13.73% 14.81%
Table 3

Conditional fraction of sizeable implied volatility spread

This table presents the fraction of sizeable implied volatility spread conditional on announcement returns. The methodology to calculate the fraction of sizeable implied
volatility spread is similar to the one outlined in Table 2. The whole sample is sliced into two subsamples, announcements with positive announcement returns and
announcements with negative announcement returns. For each subsample, all announcements are sorted into five quintiles based on the absolute magnitude of announce-
ment returns. Quintile 1 contains announcements with abnormal announcement returns closest to zero and Quintile 5 most extreme abnormal announcement returns
(either positive or negative). The fraction of sizeable implied volatility spread is then calculated across each quintile. For brevity reasons, we only report the fraction of
sizeable volatility spread calculated from options with a maturity of 30 days or less with a standard deviation threshold of 2.58. Panel A and B report the fraction of
sizeable implied volatility spread conditional on positive and negative announcement returns, respectively.

Panel A: Conditional on positive announcement returns

Quintile [t-30,t-26] [t-25,t-21] [t-20,t-16] [t-15,t-11] [t-10,t-6] [t-5,t-1]
1 5.28% 5.49% 5.70% 5.67% 6.41% 7.07%

2 5.23% 5.36% 5.86% 5.78% 6.35% 6.90%

3 5.35% 5.71% 5.63% 5.79% 6.41% 7.19%
4 5.56% 5.78% 6.19% 6.01% 6.82% 7.43%

5 5.97% 6.69% 6.81% 6.80% 7.45% 8.60%
Panel B: Conditional on negative announcement returns

1 6.11% 6.59% 6.25% 6.45% 6.53% 6.92%
2 5.81% 6.32% 6.49% 6.78% 6.42% 6.98%
3 6.06% 6.73% 6.61% 6.80% 6.73% 7.29%
4 6.09% 6.27% 6.77% 7.40% 7.63% 8.06%
5 6.76% 7.20% 7.75% 8.15% 8.46% 8.66%

volatility spreads are consistent with those of subsequent earn-
ings announcements. The speculative trading doesn’t predict such
a consistency because speculative trading lacks a directional view
on future stock prices. In contrast, option orders from informed
traders would induce a positive (or negative) implied volatility
spreads, as their trades lead to more expensive call (or put) op-
tions, prior to positive (or negative) earnings announcements on
the underlying securities. This effect should also be more pro-
nounced among extreme announcements.

To test the above intuition corresponding to Hypothesis 1b, we
first categorize earnings announcements based on abnormal an-
nouncement returns and then compute the fraction of sizeable im-
plied volatility spreads. Announcements with positive abnormal re-
turns are cast into five quintiles, with extremely positive returns
in quintile 5 and returns closest to zero in quintile 1. Similarly, we
define five quintiles among announcements with negative abnor-
mal returns, with quintile 5 corresponding to extremely negative
returns. The fraction of sizeable implied volatility spreads is tabu-
lated for each of quintile using the threshold value of either 1.96
or 2.58 to determine whether the standardized implied volatility
spread is sizeable for each given announcement. Table 3 reports
only results using the threshold value of 2.58 since both thresh-
old values lead to similar results. Panel A corresponds to positive
announcements while Panel B negative.

Two patterns emerge. First, the fraction of sizeable implied
volatility spread increases as we move closer to the date of an-
nouncement. This is the same pattern documented in Table 2 ex-

cept that we are now witnessing its robustness across both posi-
tive and negative announcements and within each announcement
return quintile. Second, there is a larger fraction of sizeable implied
volatility spreads prior to more extreme announcements compared
to announcements with close to zero abnormal announcement re-
turns. This is true for each of the six five-day windows regard-
less of whether we examine positive announcements or negative
announcements. Over the five days immediately before announce-
ments, we observe a monotonic increase in the fraction of size-
able implied volatility spreads as the abnormal announcement re-
turns get more extreme in terms of absolute magnitude. That
prices of call (put) options are progressively more expensive prior
to extremely positive (or negative) earnings announcements lends
strong support for Hypothesis 1b.

5.3. Return predictability of pre-announcement implied volatility
spread

While the fraction of sizeable implied volatility spreads we have
analyzed in two previous subsections provides an interesting sum-
mary statistic over various scenarios and sheds light on the pattern
of informed trading prior to earnings announcements, it is very de-
scriptive in nature. To better understand the role of informed trad-
ing in the stock market response to earnings announcements, we
construct a new variable to measure the change in implied volatil-
ity spread that is more conducive to a rigorous regression frame-
work and examine its forecasting power for the announcement
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returns. The empirical evidence of the forecasting power would
further reinforce the notion of options trading originating from in-
formed traders before such announcements.

Instead of standardizing the implied volatility spread (i.e., com-
paring the spread to its time series average before scaling it by its
standard deviation), we compute the cumulative abnormal implied
volatility spread (Vspread) based on a reference window that is
more refined than the full time series and thus better suited for an
event study. To capture the abnormality of implied volatility spread
immediately before the date of earnings announcement (denoted
by t), we turn to the standard timing methodology in the literature.
The four-day period immediately before the announcement (i.e.,
[t-5, t-2]) is defined as the pre-announcement window.!? The 30-
day period preceding the pre-announcement window is defined as
the benchmark window. We subtract the average implied volatil-
ity spread in the benchmark window from the implied volatility
spread in the pre-announcement window to calculate the abnor-
mal implied volatility spread. The daily abnormal implied volatility
is then cumulated over the pre-announcement window, arriving at
the cumulative abnormal implied volatility spread, Vspread.

We estimate the following regression to detect the predictive
power of the change in implied volatility spread on the announce-
ment returns.

AnnRet;_1 41 = g+ oy - Vspread;_s ;5 + o3 - BMpreUiousﬁscalqtrend

+0o3- IORprevious qtrend + 0y - Sizeprevious mthend
+0s - Runupy 302 + o6 - PastRet; »10¢-31 + €

The dependent variable is the announcement abnormal return
capturing the stock market response. We include five independent
variables to control for potential confounding factors. Book-to-
market ratio (BM) is included to capture the value vs. glamour ef-
fect of stock returns. Institutional ownership ratio (IOR) is included
since prior studies have documented that institutional ownership
is important in explaining the stock price behavior around earn-
ings announcements. Size is included because firms of different
sizes have potentially different information structures. For instance,
there normally exist better analyst coverages among larger firms
and investors of large firms could be more attentive to earnings
announcements. To account for return reversal or continuation, we
include PastRet. As a proxy for information leakage, Runup is ex-
pected to have a negative relationship with AnnRet, and competes
with our focal variable Vspread. Prior studies have shown that both
the book-to-market ratio and institutional ownership affect the an-
nouncement returns. One main distinction is that options implied
volatility is forward-looking by design and thus Vspread carries the
forward-looking attribute. The pre-announcement options trading
being informed would imply a positive and significant slope coef-
ficient for Vspread.

Table 4 presents the estimates along with p-values from
the ordinary OLS regression, the robust regression with
heteroscedasticity-consistent standard errors, and the robust
regression with standard errors clustered by firms. We immedi-
ately notice that across all three regression specifications, there is
strong statistical evidence that the cumulative abnormal implied
volatility spreads can forecast announcement returns in all three
regressions. This finding complements the descriptive results in
Table 3, lending additional support to Hypothesis 1b.

Several studies have documented supportive evidence that op-
tions trading volume, especially when the direction of options
trading volume is signed using high-frequency or proprietary

10 We define a four-day pre-announcement window because Amin and Lee
(1997) document that the options market activity increases by over 10 percent in
the four days before the EAD and that the direction of the pre-announcement op-
tions trading predicts subsequent earnings news.

datasets, carries significant predictive power on future stock price
movement both in regular times (Pan and Poteshman, 2006) and
around important corporate events (Cao et al., 2005). We carry an-
other robustness check and examine whether the options trading
volume has predictive power on the announcement returns within
our context. Note that we have to use the unsigned options trad-
ing volume observed at the closing of each trading day because the
OptionMetrics database does not provide intra-day option data on
trades and quotes.

Options trading volume is defined as the number of contracts
traded scaled by open interest. To calculate cumulative abnormal
option volumes, we follow a procedure similar to the construction
of cumulative abnormal implied volatility spread. That is, we first
compute the daily abnormal option volume by subtracting the av-
erage options trading volume over the benchmark window [t-35,
t-6] from the daily option volume in the pre-announcement win-
dow [t-5, t-2], and then cumulate it over the pre-announcement
window to obtain the cumulative abnormal option volume (OptVol-
ume). When replacing our main variable Vspread with OptVolume
and re-run the regression tests, we find in untabulated results that
none of the slope coefficient estimates for OptVolume exhibits sta-
tistical significance at the conventional levels.!! It appears that our
implied volatility spread measure is a more competitive proxy for
informed trading than the unsigned options trading volume.

5.4. Implications of options trading on the stock market response

As discussed in Section 3.2, there are two potentially counter-
vailing forces of pre-announcement options trading on the stock
market response to subsequent earnings news. The information
preemption hypothesis states that at least part of the new infor-
mation will be preempted by informed traders in the options mar-
ket. Hence, the stock market response to earnings surprises will be
reduced when the announcements are actually made. The under-
reaction correction hypothesis argues that since investors underre-
act to information released from earnings announcements and pre-
earnings options trading helps attenuate the under-reaction, the
stock market response can actually increase because of informed
trading.

Apparently, these two hypotheses diverge on the implication
of pre-announcement options trading activity on the subsequent
stock market response. To capture the varying degree of options
trading activities and examine how the stock market response
varies with the pre-announcement options trading activity in the
context of validating or refuting Hypothesis 2, we augment the
widely used earnings response coefficient framework by incorpo-
rating an interaction term between SUE and Vspread. The inclusion
of such an interaction term enables us to investigate how the earn-
ings response coefficients are affected in the presence of varying
degree of pre-announcement option volatility spread. Our regres-
sion design is specified as follows. 2

AnnRet;_1 41 = Bo + Bi1 - SUE: + B, - Vspread;_s,_»
+ B3 - SUE; - Vspread; s :_»
+ Ba - BMprepious fiscal gtrend
+ Bs - IOR previous qtrend + Bs * SiZ€previous mth end
+ B7 - Runup; 30> + Bs - PastRet;_» o 31+ &

11 We also re-run the regression with independent variables including Vspread,
BM, IOR, PastRet, Size, and Runup as well as OptVolume. The inclusion of OptVolume
has a negligible effect on the magnitude and no effect on the statistical significance
of the estimates on all other variables, with an insignificant estimated coefficient
for OptVolume.

12 Vspread by itself is included in the regression to examine the predictive power
of implied volatility spread. We thank an anonymous referee for pointing this out.
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Table 4
Implied volatility spread predicting announcement returns

This table examines the predictive power of implied volatility spread on announcement returns. The regression equation is specified as follows:

AnnRet;_y 41 = oo + 0ty - Vspread;_s ¢ 4+ & - BMprevious fiscal qtrend + &3 - IOR previous qtrend + @4 - SiZ€previous mthend + &5 - RUNUPe 30,12 + Qe - PastRet; 210,31 + €

AnnRet is the announcement return; Vspread is the cumulative abnormal implied volatility spread; BM is the book to market ratio; IOR is the institutional ownership;
Size is the firm size; Runup is the pre-announcement stock price run-up; PastRet is the past stock return. The methodologies for constructing these variables are as
outlined in Table 1. The regression equation is estimated using three alternative methods: ordinary least squares (OLS), robust regression using heteroscedasticity-consistent
standard errors, and robust regression with firm-clustered standard errors. The estimated coefficients are presented in the second column whereas their P-values from three

regression estimation methods are presented in Columns 3 to 5.

Variable Parameter estimate P-value from OLS regression P-value from robust regression P-value from clustered std. err.
Intercept —0.0050 0.0347 0.0707 0.1196
Vspread 0.0139 <.0001 0.0016 0.0015
BM —0.0046 <.0001 0.0002 0.0061
IOR 0.0200 <.0001 <.0001 <.0001
Size —0.0003 0.0633 0.0611 0.0917
Runup -0.0168 <.0001 <.0001 <.0001
PastRet 0.0000 0.9296 0.9568 0.9569
Table 5

Implied volatility spread and stock market response to EAs: whole sample analysis

This table examines the implications of pre-announcement implied volatility spread on the stock market response to earnings announcements. The regression equation is

specified as follows:

AnnRett—l.PA = ,BO + }3] 'SUEt + 52 'VSpreadt—S.t—Z + ,33 N SUE[ 'Vspreadt—S.t—Z + ,34 N BMpreviousﬁscal qtrend + ,35 N IORpreviousqtrend + ,BG . Sizepreviaus mthend + /37 'Runupt—BOAt—Z + ,38 N

PastRet; »10¢-31 + €

AnnRet is the announcement return; SUE is the standardized unexpected earnings; Vspread is the cumulative abnormal implied volatility spread; BM is the book to market
ratio; IOR is the institutional ownership; Size is the firm size; Runup is the pre-announcement stock price run-up; PastRet is the past stock return. The methodologies
for constructing these variables are as outlined in Table 1. The regression equation is estimated using three alternative methods: the ordinary least squares (OLS), robust
regression using heteroscedasticity-consistent standard errors, and robust regression with firm-clustered standard errors. The estimated coefficients are presented in the
second column whereas their P-values from three regression estimation methods are presented in Columns 3 to 5.

Variable Parameter estimate P-value from OLS regression P-value from robust regression P-value from clustered std. err.
Intercept —-0.0028 0.2366 0.3075 0.3743

SUE 0.2158 <.0001 <.0001 <.0001

Vspread 0.0160 <.0001 0.0003 0.0002

SUE*Vspread 0.4192 <.0001 0.0001 0.0002

BM —0.0044 <.0001 0.0001 0.0046

IOR 0.0196 <.0001 <.0001 <.0001

Size —0.0004 0.0074 0.0068 0.0145

Runup —0.0181 <.0001 <.0001 <.0001

PastRet —-0.0003 0.6223 0.7632 0.765

The dependent variable is the announcement abnormal return.
The slope coefficient estimates before SUE and its interaction term
captures the stock market response in the presence of varying de-
gree of volatility spread. We include five control variables to allow
for other factors that may influence announcement returns. The
motivation and predictions for the control variables are the same
as discussed in Section 5.3. Our focus is on SUE and its interaction
term. Hypothesis 2 states that significantly negative estimates be-
fore interaction terms support the information preemption hypoth-
esis whereas significantly positive estimates support the under-
reaction correction hypothesis.

Table 5 presents the estimated coefficients along with p-
values from the OLS regression, the regression with the
heteroscedasticity-consistent standard errors, and the regression
with the standard errors clustered by firms. Most of the control
variables carry slope coefficient estimates that are statistically sig-
nificant at conventional levels. For instance, larger firms, firms with
high book-to-market values, and firms that have experience greater
pre-earnings stock price run-up are associated with smaller stock
market response, whereas firms with higher institutional owner-
ship ratios are associated with larger stock market response.

For SUE, the estimated coefficient is 0.22 and reliably different
from zero. Thus, the greater the information shock, the stronger
the stock market reaction. In addition, Vspread carries a positive
and significant estimate of 0.02, which is consistent with the re-
sults in Table 4. More importantly, the slope coefficient estimate
of 0.42 for the interaction term between SUE and Vspread is sta-

tistically significant at 1 percent level even when Vspread is in-
cluded in the regression. This is clear evidence of data supporting
the under-reaction correction hypothesis rather than the informa-
tion pre-emption hypothesis.

5.5. The role of options trading volume

To test Hypothesis 3, we propose the use of cumulative abnor-
mal options trading volume OptVolume. This is similar to Barber
and Odean (2008) who use a stock’s abnormal daily trading vol-
ume to capture the change in investors’ attention to the stock.
As a first pass at testing Hypothesis 3, we slice the sample into
two subsamples based on the OptVolume immediately before earn-
ings announcement dates, announcements with the top 50 per-
cent of OptVolume and announcements with the bottom 50 per-
cent of OptVolume. Table 6 presents the estimated coefficients of
the same regression design for two subsamples, along with p-
values calculated from the OLS, the robust regression with the
heteroscedasticity-consistent standard errors, and robust regression
with firm clustered standard errors.

The results in Table 5 appear to hold well for two subsam-
ples in Table 6. The focal variables - SUE and its interaction
terms with Vspread - carry the same sign as in the full sample
and remain statistically significant at the conventional levels. Be-
tween the two subsamples, announcements with high OptVolume
have much larger estimated coefficients before the focal variables
and stronger statistical significance, compared to the subsample of
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Table 6
The role of options trading volume on stock market response: subsample analysis

This table performs the subsample analysis of the implications of volatility spread on the stock market response to earnings announcements, utilizing the following

regression specification.

AnnRett—l.tH = /30 + ﬂl ‘SUEr + ﬂz . Vspreadt—s.t—Z + /33 . SUEI : VSPf(?ﬂdzfs.tfz + /34 . BMpreViousﬁsca]qtrend + /35 ° IORpreviousqtrend + /36 . Sizepreviousmthend + ﬂ7 ‘R“nupt730,t—2 + /38 .

PastRet;_»0,-31 + &

All variables are as constructed in Table 1. For each announcement we first calculate the daily abnormal option volume by subtracting the average options trading volume
over the benchmark window [t—35, t—6] from the daily option volume in the event window [t—5, t—2]. The daily abnormal option volume is then cumulated over the
event window to obtain the cumulative abnormal option volume OptVolume. The whole sample is then sliced into two subsamples based on the median OptVolume. The
regression equation is then estimated for each subsample. Panel A and Panel B separately report regression results from using announcements with the top and bottom
half OptVolume. The parameter estimates are present in Column 2. The last three columns present the P-values for the parameter estimates from the OLS regression, robust
regression with heteroscedasticity-consistent standard errors, and robust regression with firm-clustered standard errors in the last three columns.

Variable Parameter estimate

P value from OLS regression

P-value from robust regression P-value from clustered std. err.

Panel A: Using the top 50% OptVolume

Intercept 0.0094 0.0074 0.0158 0.0223
SUE 0.2763 <.0001 <.0001 <.0001
Vspread 0.0137 0.0079 0.0598 0.0564
SUE*Vspread 0.6044 <.0001 0.0013 0.0013
BM —0.0106 <.0001 <.0001 <.0001
IOR 0.0197 <.0001 <.0001 <.0001
Size —-0.0010 <.0001 <.0001 <.0001
Runup —0.0253 <.0001 <.0001 <.0001
PastRet —0.0003 0.7107 0.8079 0.8097
Panel B: Using the bottom 50% OptVolume

Intercept —0.0092 0.005 0.0071 0.0108
SUE 0.1844 <.0001 <.0001 <.0001
Vspread 0.0166 <.0001 0.0023 0.0027
SUE*Vspread 0.2235 0.0002 0.0746 0.0644
BM —-0.0019 <.0001 0.0388 0.0837
IOR 0.0188 <.0001 <.0001 <.0001
Size —0.0001 0.6581 0.6391 0.648
Runup —-0.0138 <.0001 0.0005 0.0005
PastRet —-0.0010 0.1484 0.3905 0.384

announcements with low OptVolume. The much stronger stock
market response to earnings announcements preceded by higher
options trading volume lends empirical support to Hypothesis 3.
To further substantiate the stronger stock market response
among announcements with high pre-announcement options trad-
ing volumes, we carry out an additional empirical test to exam-
ine the confounding effect of pre-earnings option trading volume.
Specifically, we estimate the following regression equation:

AnnRet;_1 1 = Bo+ B1 - SUE: + B, - Vspread; s,
+ B3 - OptVolume; 5
+ B4 - SUE; - Vspread;_s_»
+ Bs - SUE; - OptVolume;_s ¢,
+ Bg - SUE; - Vspread; s, 5 - OptVolume; 5
+ :37 : BMprevious fiscal gtrend
+ :38 : IORprevious qtrend
+ Bo - Siz€previous mthend + B1o - Runupe 30>
+ Bi1 - PastRet; 21031 + €

We interact SUE with not only Vspread but also OptVolume to
examine whether the addition of the pre-earnings option trading
volume changes or crowds out the implied volatility spread effect.
Furthermore, we add an interaction term among SUE, Vspread and
OptVolume. The estimation results are reported in Table 7. Our focal
variables are SUE and its interaction terms with Vspread as well as
OptVolume.

In Table 7, the estimated coefficient for SUE is positive and sta-
tistically significant using the three alternative estimation meth-
ods. Moreover, we notice that the interaction term between SUE
and OptVolume is negative and insignificant. This is not surprising
given that the option trading volume is unsigned. In comparison,
the estimated coefficient for the interaction term between SUE and
Vspread is also positive and strongly significant in the presence

of OptVolume. This effect seems to be more pronounced among
announcements with higher pre-earnings option volume, as evi-
denced by the positive and significant slope coefficient estimate
before SUE, Vspread and OptVolume. Overall, the results in Table
6 and 7 speak to the important implications of options trading
volume on the subsequent stock market response to earnings an-
nouncements.

5.6. Implications of options trading on post-earnings announcement
drift

To the extent that pre-announcement options trading alleviates
stock market under-reaction to earnings announcements as the
under-reaction correction hypothesis suggests, we should expect
smaller post earnings announcement drift among announcements
that have witnessed higher options trading activity. We again use
the cumulative abnormal implied volatility spread to capture pre-
announcement option market trading activity and focus on the in-
teraction term between SUE and Vspread.

To test Hypothesis 4, we estimate the following regression
equation.

PEAD; 301 = Bo + B1-SUE: + B, - Vspread; s,

+ B3-OptVolume, s 5 + B4 - SUE; - Vspread; s,
+ Bs - SUE; - OptVolume;_s_»
+ Be - SUE; - Vspread; s, 5 - OptVolume;_s; 5
+ :37 : BMprevious fiscal qtrend + .38 . IORprevious qtrend
+ Bo - Sizeprevious mthend + B1o - RUnupe 3042
+ Bu1 - PastRet; 10131 + €

The dependent variable - post-earnings announcement drift

(PEAD) - is defined as the abnormal daily stock returns cumulated
over the time window [t+2, t+91], where t denotes the earnings
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Table 7

Pre-announcement option volume and stock market response

This table examines the confounding effect of pre-earnings option trading volume on the implications of volatility spread on the stock market response to earnings
announcements using the whole sample. The regression equation is specified as follows:

AnnRet;_1 41 = Bo + B1 - SUE; + B, - Vspread; s, + B3 - OptVolume,_s;_5 + B4 - SUE; - Vspread, s > + fBs - SUE; - OptVolume;_s; o + Bs - SUE;: - Vspread; s 5 -
OptVolume,,sv[,z + /37 . BMpreviousﬁscal qtrend + .38 . IORpreviuusqtrend + ,BQ N Sizepreuiaus mthend T /310 . RUHUP:%O,FZ + ﬂ]l . PaStRettleo,t—Bl +¢€

All variables are as constructed in Table 1. For each announcement we first calculate the daily abnormal option volume by subtracting the average options trading volume
over the benchmark window [t—35, t—6] from the daily option volume in the event window [t—5, t—2]. The daily abnormal option volume is then cumulated over the
event window to obtain the cumulative abnormal option volume OptVolume. OptVolume is then interacted with Vspread and SUE to examine the confounding effect of
pre-earnings option trading volume on the implications of volatility spread on the stock market response to earnings announcements. The regression equation is estimated
using three alternative methods: the ordinary least squares (OLS), robust regression using heteroscedasticity-consistent standard errors, and robust regression with firm-
clustered standard errors. The estimated coefficients are presented in the second column whereas their P-values from three regression estimation methods are presented
in Columns 3 to 5.

Variable Parameter estimate P-value from OLS regression P-value from robust regression P-value from clustered std. err.
Intercept —0.0032 0.1836 0.2525 0.3186
SUE 0.2223 <.0001 <.0001 <.0001
Vspread 0.0154 <.0001 0.0004 0.0004
OptVolume 0.0000 0.8467 0.82 0.8186
SUE*Vspread 0.3629 <.0001 0.0005 0.0006
SUE*OptVolume —-0.0158 0.1988 0.4627 0.4600
SUE*Vspread* OptVolume 0.9726 <.0001 0.014 0.0123
BM —0.0043 <.0001 0.0002 0.0057
IOR 0.0196 <.0001 <.0001 <.0001
Size —0.0004 0.0112 0.0103 0.0205
Runup —-0.0182 <.0001 <.0001 <.0001
PastRet —0.0005 0.3602 0.574 0.5757
Table 8

Volatility spread and post-earnings announcement drift (PEAD)
This table examines the confounding effect of pre-earnings option trading volume on the implications of volatility spread on the stock market response to earnings
announcements using the whole sample. The regression equation is specified as follows:

PEAD; 21191 = Bo + B1 - SUE; + B, - Vspread; s, > + B3 - OptVolume; s, > + fBa - SUE: - Vspread; s> + Bs - SUE; - OptVolume; s, > + B¢ - SUE; - Vspread; s 5 -
OptVOIumer—S.t—Z + ,87 . BMprelrious fiscal qtrend + ,38 . IORprevinusqtrend + 59 'Sizeprevious mthend + ,310 'Runupt—SOAt—Z + ,Bll . PaStRett—Zl[)‘[—ﬂ +¢&

The dependent variable is the post-earnings announcement drift (PEAD), defined as the cumulative abnormal returns over [t+2, t+91], where t is the earnings announce-
ment date. All explanatory variables are as constructed in Table 1. The regression equation is estimated using three alternative methods: the ordinary least squares (OLS),
robust regression using heteroscedasticity-consistent standard errors, and robust regression with firm-clustered standard errors. The estimated coefficients are presented
in the second column whereas their P-values from three regression estimation methods are presented in Columns 3 to 5.

Variable Parameter estimate P-value from OLS regression P-value from robust regression P-value from clustered std. err.
Intercept -0.0207 <.0001 0.0003 0.0008
SUE 0.0166 0.2636 0.6582 0.6728
Vspread 0.0050 0.4204 0.5700 0.5671
OptVolume 0.0002 0.6876 0.5984 0.5986
SUE*Vspread 0.2386 0.0026 0.2176 0.2291
SUE*OptVolume —-0.0150 0.7466 0.8255 0.8253
SUE*Vspread*OptVolume -0.0677 0.8442 0.9027 0.8985
BM 0.0108 <.0001 <.0001 <.0001
IOR 0.0395 <.0001 <.0001 <.0001
Size —0.0009 0.0068 0.0085 0.0173
Runup -0.0124 0.0013 0.0494 0.0480
PastRet 0.0108 <.0001 <.0001 <.0001

announcement date.’> The explanatory variables include similar
control variables, BM, IOR, Size, Runup, and PastRet. Our focal vari-
ables are SUE and its interaction terms with Vspread and OptVol-
ume. The under-reaction correction hypothesis predicts a weaker
post-earnings announcement drift, so negative estimates for SUE
and its interaction terms will amount to supporting evidence.

The estimation results are presented in Table 8. Note that the
slope coefficient estimate before SUE is positive and insignificant.
Thus, we only find a weak post-earnings announcement return
drift. The estimates for the interaction terms between SUE and
Vspread is positive but statistically indistinguishable from zero in
the two robust regression specifications. We indeed notice that
the parameter estimate before the interaction term among SUE,
Vspread, and OptVolume is negative but insignificant. We think it
could be attributed to the fact that the post-earnings announce-

13 We also experimented with a 60-day window to measure the post earnings
announcement drift and found qualitatively similar results.

ment drift test typically has lower statistical power, as pointed out
by Mendenhall and Fehrs (1999).

6. Robustness check

We perform two sets of robustness check to make sure that
our empirical results are not affected by the alternative empirical
methodologies and designs.

6.1. Alternative specifications for abnormal returns

Our first set of robustness check pertain to alternative specifica-
tion of abnormal returns. In Section 3.2 and the subsequent anal-
ysis, we calculate the abnormal return using the parameter esti-
mates from a market model estimated using return data over the
time window [t-210, t-31]. To examine whether our results are ro-
bust to alternative ways of calculating abnormal returns, we cal-
culate abnormal returns as the raw daily return minus the returns
on portfolios of firms with similar size (size decile portfolios). This



14 Q. Lei, XW. Wang and Z. Yan/Journal of Banking and Finance 119 (2020) 105126

Table 9
Robustness check on Table 5 using alternative abnormal return specification

This table repeats the regression tests in Table 5 with the main difference being the dependent variable AnnRet. The regression equation is specified as follows:

AnnRet = By + B1 - SUE + B, - Vspread + B3 - SUE - Vspread + B4 - BM + Bs - IOR + B¢ - Size + 7 - Runup + Bg - PastRet + €

Unlike Table 5, AnnRet is the announcement return calculated as the abnormal returns cumulated over [t-1, t+1], where abnormal return is defined as the raw daily return
minus the return on portfolios of firms with similar size (the size decile portfolios). Returns on the size decile portfolios are available via the Wharton Research Data Service
at the University of Pennsylvania. The explanatory variables are as defined in Table 5. SUE is the standardized unexpected earnings; Vspread is the cumulative abnormal
implied volatility spread; BM is the book to market ratio; IOR is the institutional ownership; Size is the firm size; Runup is the pre-announcement stock price run-up;
PastRet is the past stock return. The methodologies for constructing these variables are as outlined in Table 1. The regression equation is estimated using three alternative
methods: the ordinary least squares (OLS), robust regression using heteroscedasticity-consistent standard errors, and robust regression with firm-clustered standard errors.
The estimated coefficients are presented in the second column whereas their P-values from three regression estimation methods are presented in Columns 3 to 5.

Variable Parameter estimate P-value from OLS regression P-value from robust regression P-value from clustered std. err.
Intercept 0.0001 0.9546 0.9609 0.966

SUE 0.2167 <.0001 <.0001 <.0001

Vspread 0.0172 <.0001 <.0001 <.0001

SUE*Vspread 0.4105 <.0001 0.0002 0.0002

BM —0.0044 <.0001 0.0002 0.0051

IOR 0.0192 <.0001 <.0001 <.0001

Size —0.0006 0.0002 0.0001 0.0006

Runup -0.0191 <.0001 <.0001 <.0001

PastRet 0.0002 0.7301 0.832 0.8339

is similar to Livnat and Mendenhall (2006). The size decile portfo-
lio returns are extracted from the Wharton Research Data Service
portal from the University of Pennsylvania.

Using this alternative abnormal return specification, we re-run
all the empirical tests. We find that this alternative specification
of abnormal returns has little impact on the results reported in
Table 4 through Table 8. To conserve space, we choose to report
the estimation results for Table 5 using this abnormal return spec-
ification since Table 5 establishes our core empirical results.

Table 9 reports the results of this robustness check. As we can
see clearly, both Vspread and SUE*Vspread carry positive and sta-
tistically significant coefficient estimates. The magnitude of these
estimates are also comparable to those reported in Table 5.

6.2. Alternative empirical design for Vspread

The cumulative abnormal implied volatility spread, Vspread, is
another key variable for our empirical analysis. Our second set of
robustness check is related to an alternative empirical design of
this variable. The summary statistics in Table 1 shows that there
are extreme values of Vspread. To mitigate the potential effects of
outliers and facilitate the interpretation of the slope coefficient es-
timates, we construct dummy variables for Vspread. More specifi-
cally, all announcements are sorted into two groups using the 50t
percentile point of Vspread. The bottom group contains one half of
announcements with low cumulative abnormal implied volatility
spread, whereas the top group includes the other half of announce-
ments with high cumulative abnormal implied volatility spread.
Vspreadidx takes the value of 1 for the top group and zero oth-
erwise.

Using these dummy variables, we revise and re-estimate all the
regression equations in Table 4 through Table 8. Again we find that
our empirical results survive the alternative empirical design for
Vspread. To conserve space, we choose to report the robustness
check result for Table 5. The following revised regression equation
is estimated:

AnnRet = Bg + B1 - SUE; + B, - Vspreadidx + fB5 - SUE; - Vspreadidx
+ B4 -BM + B5 - IOR + B¢ - Size + B7 - Runup
+ Bg - PastRet + ¢
Table 10 presents the estimate results. As we can see, both
Vspreadidx and the interaction term SUE*Vspreadidx show up as
positive and statistically significant. Moving from the bottom group

of Vspread to the top group increases the earnings response coeffi-
cient from 0.161 to 0.241, an increase of almost 50%. Overall, results

from using this dummy variable design are consistent with those
in Table 5.

7. Conclusions

In this paper, we document an interesting time-series pattern
of steadily increasing implied volatility spread in the month lead-
ing up to earnings announcements. When we slice the month into
six five-day intervals, there is a monotonic increase in fraction of
sizeable implied volatility spreads as we get closer to the date of
announcement. This pattern is robust to options with different ma-
turities as well as alternative thresholds for sizeable spreads. When
slicing the sample of announcements into those with positive an-
nouncement returns and those with negative announcement re-
turns, we continue to observe the monotonicity across both sub-
samples. When announcements are further stratified into five quin-
tiles based on the magnitude of announcement returns, the mono-
tonicity holds in each quintile with the strongest effect among the
most extreme quintiles. The steady build-up of pre-announcement
volatility spreads, coupled with the predictive power of the cu-
mulative abnormal implied volatility spreads on subsequent an-
nouncement returns, suggests that informed traders are the driv-
ing force behind the option market activities prior to earnings an-
nouncements.

The novelty of this paper is that we advocate the use of im-
plied volatility spread constructed from the options market to in-
vestigate the stock market response to earnings announcements.
Using volatility spread as a proxy for informed trading helps us
get around the data availability issue (proprietary options data
are not publicly available) and avoid potentially problematic infer-
ences from using unsigned options trading volume. This proxy also
makes it feasible for us to examine varying degrees of options trad-
ing activities, shedding new lights on the economic implications of
options trading above and beyond the binary outcomes of options
listing status. Given the increased prevalence of options trading ac-
tivities, the use of implied volatility spread in the earnings context
is an important extension and contribution to the literature.

Our most important finding is that earnings response co-
efficients turn out to be stronger among announcements with
higher implied volatility spread during the pre-announcement
window. This is in sharp contrast to some of the earlier find-
ings supporting the information preemption hypothesis (Skinner,
1990; Ho, 1993; Ho et al.,, 1995). Under this hypothesis, the pre-
announcement option trades could have revealed much of the
market-moving information behind earnings announcements, so
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Table 10
Robustness check on Table 5 using alternative design for Vspread

This table repeats the regression tests in Table 5 with the main difference being the main explanatory variable Vspread. The regression equation is specified as follows:

AnnRet = By + B1 - SUE + B, - Vspreadidx + 5 - SUE - Vspreadidx + 4 - BM + Bs - IOR + Bg - Size + B7 - Runup + Bs - PastRet + &

AnnRet is the announcement return as calculated in Table 1. Unlike Table 5, we construct a dummy variable Vspreadidx on the basis of the cumulative abnormal implied
volatility spread Vspread. More specifically, all announcements are sorted into two groups using the 50 percentile point of Vspread. The bottom group contains one half of
announcements with low cumulative abnormal implied volatility spread, whereas the top group includes the other half of announcements with high cumulative abnormal
implied volatility spread. Vspreadidx takes the value of 1 for the top group and zero otherwise. BM is the book to market ratio; IOR is the institutional ownership; Size
is the firm size; Runup is the pre-announcement stock price run-up; PastRet is the past stock return. The methodologies for constructing these variables are as outlined
in Table 1. The regression equation is estimated using three alternative methods: the ordinary least squares (OLS), robust regression using heteroscedasticity-consistent
standard errors, and robust regression with firm-clustered standard errors. The estimated coefficients are presented in the second column whereas their P-values from

three regression estimation methods are presented in Columns 3 to 5.

Variable Parameter estimate P-value from OLS regression P-value from robust regression P-value from clustered std. err.
Intercept —-0.0015 0.5319 0.5898 0.638

SUE 0.1607 <.0001 0.0001 <.0001

Vspreadidx 0.0028 <.0001 <.0001 <.0001

SUE*Vspreadidx 0.0798 <.0001 0.002 0.002

BM —0.0043 <.0001 0.0003 0.0062

IOR 0.0192 <.0001 <.0001 <.0001

Size —0.0006 0.0002 0.0002 0.0007

Runup —-0.0189 <.0001 <.0001 <.0001

PastRet 0.0002 0.662 0.788 0.790

more active option trades would precede a weaker response to
earnings news.

Our finding of a stronger response is nevertheless consistent
with Mendehall and Fehrs (1999) who also find increased earn-
ings response coefficients. Our paper differs from theirs in that we
hypothesize the existence of an under-reaction correction effect of
pre-earnings options trading on stock market response in the con-
text of stock market under-reaction at announcement times and
post-earnings announcement drift. We perform further robustness
tests for this under-reaction correction hypothesis and document
strong supportive evidence that pre-earnings options trading helps
alleviate stock market under-reaction to earnings announcements
and make the stock market response more complete.

While the exact mechanisms through which the stock market
under-reaction is reduced remain unclear, we propose several can-
didate channels, namely, the transaction cost channel, the price
discovery channel and the investor attention channel. Due to the
lack of transaction-level data for option trades, we cannot test for
these channels directly in this paper. Future research is needed
to illustrate how the stock market under-reaction is mitigated be-
cause of pre-earnings options trading and how closer the stock
market response is to a complete response (i.e., the absence of
stock market under-reaction).

We also demonstrate evidence of a reduction in post earnings
announcement drift among announcements with extreme earnings
surprises. The interaction terms between earnings surprise and
dummy variables for pre-announcement option trade are indistin-
guishable from zero, however. Further work is needed in the future
to better understand the implications of options trading on post-
earnings announcement drift.
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