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1. Introduction

Share prices react to the surprise component of earnings announcements. Empirical
research has, however, documented that the adjustment of prices is not instantaneous. After
a positive [negative| earnings surprise, stock prices tend to drift upward [downward| for up to
one year. This empirical phenomenon is referred to as the post-earnings-announcement drift
(PEAD). The existence of PEAD is difficult to reconcile with the efficient markets hypothesis.
Consequently, a large number of papers (to be briefly reviewed below) have proposed and
tested various explanations for the phenomenon. However, no consensus has emerged so
far. The balance of the available evidence is inconsistent with risk-based explanations, such
that the PEAD is still considered a puzzle. Eugene Fama has dubbed it “an anomaly above
suspicion” and referred to it as “the granddaddy of underreaction events” (Fama, 1998, 304
and 286, respectively). Daniel et al. (2020) go so far as to develop a behavioral three-factor
model to explain the cross-section of stock returns and propose a PEAD factor to capture
short-term mispricing.

In this paper we use experimental asset markets to study the emergence and the deter-
minants of post-earnings-announcement drift. For our specific purposes, the experimental
approach has a number of distinct advantages over empirical studies using field data. The
experimenter can directly control, and deliberately manipulate, variables of interest. In
particular, we carefully design the earnings process of the firms traded in our experimen-
tal markets. We thus know expected earnings with certainty and do not need to estimate
them from time-series models or analyst forecasts. As a consequence, we observe earnings
surprises without noise or bias. Furthermore, we can manipulate the earnings process and
“switch on and off” serial correlation.

As noted above, the existing evidence on the PEAD is inconsistent with risk-based ex-
planations. We therefore concentrate on mispricing as the driving force behind the drift.

To this end we deliberately design our experimental markets such that there is no aggre-
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gate fundamental value risk. An important consequence of this design feature is that, in
equilibrium, prices equal expected values. This has two benefits. First, we know how each
earnings announcement affects the fundamental value of an asset. Second, we can analyze
how quickly (if at all) prices approach fundamental values after earnings announcements.
Another distinctive feature of our experimental design is that there is no aggregate infor-
mation risk. We can thus rule out the explanation that returns to a PEAD-based trading
strategy could be a compensation for information risk.

A further advantage of our laboratory setting is that we control at what time and which
information is supplied to the traders in the experimental markets. We can thus ensure that
information is symmetrically distributed, and that there is no information leakage. Finally,
because we have a complete record of all order submissions, executions and cancellations,
we can analyze whether the PEAD in our experimental markets can be profitably exploited
after accounting for transaction costs. This is important, because the existing empirical
literature on this issue is inconclusive.

We analyze two treatments. In the baseline treatment, it is common knowledge that
earnings are serially uncorrelated. Earnings increase or decrease with equal probability, and
by a constant amount. Even in this simple setting we observe a statistically significant
PEAD. We can, therefore, conclude that earnings autocorrelation is not a necessary condi-
tion for a PEAD to arise. The earnings process is so simple that it is also very unlikely that
a misspecified prediction model is the cause for the existence of the PEAD. In the corre-
lated earnings treatment, earnings surprises are positively correlated. In this more complex
setting we observe a stronger PEAD than in the baseline treatment, implying that earnings
autocorrelation is a moderator of the PEAD. Autocorrelation does not cause the drift, but
strengthens it. We also observe that more surprising earnings announcements are followed
by more pronounced PEAD.

We also study whether there are trading strategies which, by conditioning on earnings
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news, allow investors to accumulate excess profits. Because of high bid-ask spreads, trading
strategies that simply buy shares at the ask price and later sell them at the bid price (or vice
versa) are not profitable. However, trading strategies that use limit orders to open and close
a position after an earnings announcement earn positive and significant profits. We there-
fore conclude that the PEAD in our experimental markets can be profitably exploited on an
after-transaction cost basis. Finally, we demonstrate that prices indeed underreact to the in-
formation content of earnings announcements. The subsequent post-earnings-announcement
drift partly, but not fully, corrects the initial underreaction. The price adjustment is more
complete in the correlated earnings treatment, a finding consistent with traders devoting
more attention to analyzing the implications for asset values of earnings announcements
in the more complex setting of this treatment. Finally, we show that the observation of
greater mispricing following larger earnings surprises is indeed at least partially driven by
underreaction to earnings autocorrelation.

Our findings contribute to the literature on the post-earnings-announcement drift in
several important ways. Our result that there is a significant PEAD in a setting without
aggregate risk adds to the evidence against risk-based explanations for PEAD. Prior to our
work, no consensus had emerged in the literature on whether earnings correlation was a
necessary condition for PEAD. We show that it is not, but that earnings autocorrelation
affects the strength of the drift. There is also disagreement in the prior literature on the
profitability of the PEAD on an after-transaction cost basis. We show that, in our experi-
mental markets, trading strategies that profitably exploit the PEAD exist, but have to be
based on limit orders to establish and potentially close a position. Finally, our finding that
price changes better reflect changes in fundamental value in a more complex setting supports
explanations of the PEAD based on investor (in)attention as proposed by, e.g., DellaVigna
and Pollet (2009), Hirshleifer et al. (2009), Hou et al. (2009b) and Hung et al. (2015).

The remainder of the paper is organized as follows. Section 2 provides a brief summary
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of the relevant literature and develops the hypotheses that we test. Section 3 describes the

experimental design. Section 4 presents the results. Section 5 concludes.

2. Literature and Hypotheses

2.1. Literature

Ball and Brown (1968) were the first to document that prices tend to adjust slowly to
the information contained in earnings announcements. A large number of empirical studies
have subsequently confirmed the existence of a PEAD and have also documented that the
magnitude of the drift is systematically related to the strength of the earnings surprise.! The
observation, made by Ke and Ramalingegowda (2005), that institutional investors exploit
the PEAD, furthermore indicates that the phenomenon is also of practical relevance.

Several papers have advocated a risk-based explanation for the occurrence of PEAD
(e.g., Ball et al., 1993, Kim and Kim, 2003). However, the changes in market betas observed
around earnings announcements are insufficient to explain the PEAD (e.g., Bernard and
Thomas, 1989). Similar findings obtain when multi-factor models are considered instead of
the CAPM (e.g., Francis et al., 2007, Sadka, 2006, and Chordia et al., 2009). The majority
view today thus is that PEAD is a mispricing phenomenon (e.g., Fama, 1998, Richardson
et al., 2010, Hung et al., 2015, Daniel et al., 2020). We therefore concentrate on mispricing-
based explanations and design our experiments such that confounds stemming from risk-
based explanations can be ruled out. To this end we design markets with no aggregate risk,
such that the equilibrium risk premium is zero.

Mispricing may arise in the context of earnings announcements when investors underre-
act to the information contained in the announcements. This underreaction may be driven
by investors (1) using a misspecified model to foorecast earnings (e.g., Bernard and Thomas,

1989, Freeman and Tse, 1989, Bernard and Thomas, 1990), (2) being subject to behavioral

1See the surveys by Ball (1992), Bernard (1993), and Richardson et al. (2010).
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biases (e.g., Frazzini, 2006), or (3) being inattentive (e.g., DellaVigna and Pollet, 2009,
Hirshleifer et al., 2009, Hou et al., 2009a, Hung et al., 2015). The most prominent expla-
nation for the occurrence of underreaction is based on the observation, made by Bernard
and Thomas (1989, 1990), Rendleman et al. (1987) and others, that quarterly earnings are
positively serially correlated. Investors fail to fully account for this autocorrelation and
therefore underestimate the implications of the current announcement for future earnings.
Consequently, the share price adjusts only partially to the information content of the an-
nouncement. Future news releases—even though they could have been anticipated—thus
come as surprises to investors and trigger additional share price reactions in the same direc-
tion. In a related argument, Freeman and Tse (1989) suggest that investors may not know
with certainty whether an earnings change is permanent or transitory. The next earnings
announcement then provides information on the permanence of the preceding announcement.

Several studies, such as Ball and Bartov (1996), Rangan and Sloan (1998), Battalio
and Mendenhall (2005), Bathke Jr et al. (2006), Bathke et al. (2014), and Chang et al.
(2017) find empirical support for the earnings autocorrelation hypothesis. However, whether
earnings autocorrelation is a necessary condition for the drift or rather a moderator which
affects the strength of the drift but does not cause it remains unclear. One impediment to
answering this important question is that, in empirical studies using field data, the existence
of autocorrelation in (future) earnings can be estimated and forecasted only from historical
earnings data. Such forecasts are subject to model risk and noisy data. In our experimental
markets, in contrast, we have full control over the earnings process and thus can “switch on
and off” earnings autocorrelation. We can therefore provide a direct test of whether earnings
autocorrelation causes the drift or whether it only amplifies a drift that would also occur if
earnings were serially uncorrelated.

An important question is whether the PEAD can be profitably exploited or whether

transaction costs outweigh any profits that could be obtained. The available evidence on this
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issue is mixed. Chordia et al. (2009), Ng et al. (2008), Zhang and Zhang (2013), and Pavlova
and Parhizgari (2011) find that abnormal profits essentially disappear after accounting for
transaction costs, while Ke and Ramalingegowda (2005) and Battalio and Mendenhall (2011)
find evidence of significant profits even after transaction costs. We use the data from our
experimental markets to reexamine the question of whether trading strategies can yield
significant profits after accounting for transaction costs.

Ours is the first paper to use financial market experiments to analyze the post-earnings-
announcement drift. It is thus also the first experimental paper to study the effect of
earnings autocorrelation on the drift. However, we are aware of three papers that have used
laboratory experiments to analyze whether and how experimental subjects (mis)interpret
the information content of earnings announcements. Maines and Hand (1996), Calegari and
Fargher (1997), and Bloomfield et al. (2003) conduct experiments in which subjects forecast
future earnings. All three papers agree on the conclusion that subjects underestimate the
importance of earnings autocorrelation, possibly because they overweight past information
and underweight the contemporaneous information provided by the current earnings an-
nouncement (Bloomfield et al., 2003). None of the three papers offers insights into PEAD,
however. The experiments of Maines and Hand (1996) and Bloomfield et al. (2003) do not
feature a stock market, and Calegari and Fargher (1997) has a single call auction after each

earnings announcement, precluding the possibility of observing a drift.

2.2. Hypotheses

The empirical literature reviewed above provides strong evidence that a post-earnings-
announcement drift exists. We therefore expect that a PEAD will also arise in our experi-

mental market data.

Hypothesis 1. Post-earnings-announcement drift can be observed in experimental asset
markets.



The majority view in the literature is that the PEAD is a mispricing phenomenon,
frequently assumed to be caused by underreaction to the news contained in a given earnings
announcement. The most popular explanation for this underreaction posits that consecutive
earnings surprises are correlated, and that investors underestimate the implications of any
given announcement for future earnings (Bernard and Thomas, 1989, 1990). What remains
open, however, is whether earnings autocorrelation is a necessary condition for PEAD, or
whether earnings autocorrelation only amplifies a drift that would also occur in its absence.

We test the following hypothesis to shed light on this issue.

Hypothesis 2. Farnings autocorrelation is a necessary condition for post-earnings-announcement
drift.

The available empirical evidence shows that the magnitude of the PEAD depends on the
size of the earnings surprise. In our correlated earnings treatment there are two types of
announcements which trigger very different changes in the fundamental value of the asset.

We use this design feature to test the following hypothesis.

Hypothesis 3. Greater earnings surprises are followed by greater drift.

To determine whether the PEAD is only a statistically significant phenomenon or is also
economically relevant, its magnitude needs to be judged against the size of the transaction
costs. As noted above, prior evidence from empirical studies using field data is inconclusive
in this respect. We therefore test whether the drift in our idealized markets is strong enough

to be profitably exploited. Specifically, we test the following hypothesis.

Hypothesis 4. The observed post-earnings-announcement drift can be profitably exploited
even after accounting for transaction costs.

The PEAD is generally thought to be an underreaction phenomenon. The reasoning goes
as follows: The earnings surprise contains information about a change in the fundamental

value of the stock. The stock price only partially adjusts to the new value and then continues
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to drift in the direction of the earnings surprise. While this is a plausible hypothesis, it is
difficult to test with field data because the fundamental value of a stock, and the change
in this fundamental value revealed by the earnings surprise, are hard to measure precisely.
In our experiments, we know the fundamental value of the stocks traded in our laboratory
markets, and we also know how this value changes upon an earnings announcement. We

can therefore perform a direct test of the following hypothesis.

Hypothesis 5. Prices initially underadjust to the information content of the earnings an-
nouncement and then continue to drift in the direction of the earnings surprise until price
equals fundamental value.

When earnings changes are positively serially correlated there are non-surprising an-
nouncements (e.g. an earnings increase following a previous earnings increase) and surprising
announcements (e.g. an earnings decrease following an increase). The surprising earnings
changes trigger a larger change in the fundamental value of the asset (a decrease after an
increase predicts that future earnings changes are also more likely to be negative). If in-
vestors fail to fully account for earnings autocorrelation (as hypothesized by, among others,
Bernard and Thomas (1989)), they will overestimate the implications for the fundamental
value of the asset of non-surprising earnings announcements. This, in turn, will alleviate
the tendency for prices to only partially adjust to changes in fundamental value. On the
other hand, investors will underestimate the implications for the asset value of surprising
announcements. This, in turn, will reinforce the tendency for prices to only partially adjust

to changes in fundamental value. We thus have the following hypothesis.

Hypothesis 6. In the treatment with correlated earnings, prices adjust more fully to the
information content of the earnings announcement after non-surprising than after surprising
announcements.

3. Experimental design

Our experiment was run in May and November of 2019 in the experimental research

laboratories of four large research and teaching universities, using bachelor, master and
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PhD students of Economics and Business as subjects.? The experiment consists of two
experimental designs, referred to as ‘treatments’. We name the two treatments BASE and
CORR. Each of the 20 sessions we run employs exactly one of our two treatments (10 BASE,
10 CORR), and every one of our 238 subjects is thus exposed to one treatment only (‘between-
subjects’ design). The subjects are compensated for their participation by cash payments
tied to their performance, paid at the end of the experiment. In each experimental session,
eleven to twelve subjects form a cohort and interact over a sequence of four independent
periods.?

Each session is structured as follows: After the experimenter has checked subjects’ IDs
and welcomed them to the lab, they are randomly assigned to computers. Following the
best practices laid out in Freeman et al. (2018), we report that all subjects then receive the
same written instructions, providing information on the trading interface. The experimenter
reads the instructions out aloud while subjects follow along to create common knowledge of
their contents (i.e., to ensure subjects know the contents, know that all other subjects also
learnt the same contents, etc.). Afterwards, the trading mechanism and the most important
screens are explained in detail, followed by a trial period to allow subjects to familiarize
themselves with the trading interface. The trial period is followed by further instructions
(delivered in the same manner as before) describing the earnings announcements and their
relevance for the values of the stocks. Finally, subjects answer control questions to ensure
their understanding of the instructions before the first trading period commences. After the

fourth period of trading has ended, one period is randomly chosen for payout. Subjects then

2The combined requirements of using only students of economics, business and related programs (finan-
cial mathematics, information technology for business, business education) and running a relatively large
number of sessions with 11-12 participants each, forced us to conduct experiments in more than one experi-
mental lab. A positive side effect of this procedural feature is that we can report that our results are robust
not only within a certain lab, but also across multiple labs, at different universities, located in two different
countries.

3In sessions 13 and 14, a higher than expected number of registered subjects did not show up. Therefore,
these sessions had only 11 instead of the intended 12 subjects.
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complete a post-experiment questionnaire, are paid in private and in cash, and leave.

3.1. Trading environment

In all trading periods, subjects trade shares of two fictitious companies, firm A and firm B.
The trading mechanism is a continuous double auction with open order books, implemented
in a modified version of GIMS v7.4.11 (Palan, 2015), running on z-Tree v4.1.7 (Fischbacher,
2007). A screenshot of the trading interface is provided in Figure A.1 in the appendix. Each
subject is endowed with 900 talers (the experimental currency) and 9 shares of either the
stock of firm A (stock A hereafter) or the stock of firm B (stock B)—but not both—at the
beginning of every period.* Traders can submit any combination of limit and market orders
in the markets for stocks A and B.? Each order is for one share. The order book is empty
at the beginning of a period, and it is anonymous, i.e., the identity of the trader submitting
an order is not displayed. Order execution is governed by price and time priority, following
the same algorithm as applied at NASDAQ. Unexecuted orders can be cancelled at no cost,
the risk-free rate of interest on taler holdings is set to zero, and there are no transaction
costs beyond the bid-ask spread that emerges endogenously. Traders can sell short up to
a short-selling capacity of 9 A and 9 B shares. Similarly, traders can buy on margin, with
negative cash balances of up to 900 talers.

At the beginning of every period, subjects are informed about the earnings per share
of both firms. During the trading period, there are four earnings announcements where
subjects receive updated information about these earnings per share. After the end of the
trading period, there is a fifth announcement. Subjects can trade continuously throughout

five ‘phases’ of equal length (180s) in each period. Phase 0 is the interval of trading start-

4In the markets with only 11 subjects, five were endowed with 9 shares of firm A and 900 talers, five
were endowed with 9 shares of firm B and 900 talers, and one was endowed with five shares each of firm A
and firm B, and with 1000 talers. This ensured an absence of risk at the market-level even in these slightly
understaffed sessions.

SWe will use the terms ‘subject’ and ‘trader’ interchangeably.
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ing with the beginning of the period and leading up to announcement 1, Phase 1 follows

announcement 1, etc., as illustrated in Figure 1.

| Period 1 | - Period 2
Phase 0 I Phase 1 I Phase 2 : Phase 3 Phase 4

| | |
180 sec 180 sec 180 sec 180 sec 180 sec

Announcement 4
Announcement 5

Announcement 1
Announcement 2
Announcement 3

Figure 1: Structure of a trading period. Each of the four 900s trading periods in a session is structured

into five 180s phases, separated by four inter-phase earnings announcements, and concluded by one closing
earnings announcement.

3.2. Earnings announcements

Each period lasts 900s, with earnings announcements taking place after 180s, 360s, 540s
and 720s, and with a final announcement after the period has ended (i.e., after 900s). The
shares are bought back by the experimenter after the end of the period for the fundamen-
tal value (F'V) of 20 times earnings after the fifth announcement, mimicking perpetual
discounting at a rate of 5%.

The trading interface displays a countdown to the upcoming earnings announcement (see
Figure A.1). At the time of an earnings announcement, the updated earnings of the two
firms are shown on screen (and highlighted by a flashing red box) while trading continues
uninterruptedly. The earnings per share for both firms are 5 talers at the beginning of each

period. In each announcement, the earnings for a firm can increase or decrease by 0.5 talers:
AE? € {6~ =-05,0" =05}, (1)

12



where AE? is the change, in treatment § € {BASE, CORR}, in earnings published in an-
nouncement 7. The constants 6~ and % hold the two possible earnings changes (in talers).
Our two treatments differ in the dependence structure of successive earnings changes. In

treatment BASE, positive and negative earnings changes are equally likely:
p(AEP =67) =p (AEP* =6T) =05V, (2)

where p is the probability operator. Furthermore, the signs of successive earnings changes
are independent. This structure implies that the expected change in earnings is zero and
that, therefore, the earnings surprise (i.e., the unexpected component of the announcement)
equals the earnings change. Furthermore, the serial correlation of earnings surprises is 0.
The earnings process in treatment BASE implies that earnings as well as F'V follow a re-
combining binomial tree over the course of a period. This tree is illustrated in Figure 2.
Our second treatment, CORR, models firms whose earnings surprises are autocorrelated.
We accomplish this by increasing the probability that successive changes in earnings have
the same sign. Specifically, a change in earnings is followed by another change in the same
direction with probability 0.75 and is followed by a change in the opposite direction with

probability 0.25. Formally,

p(AES™ = 57| AESM™ = §7) = p (AESO™ = 6| ESOF™ = 61) = 0.75,
p(AECO™ T = 6| B = 67) = p (AE;™ = 6F| EFf" = 67) = 0.25 (3)
The autocorrelation of firms’ earnings is thus 0.5. The earnings process in treatment CORR
implies that earnings as well as F'V follow a non-recombining binomial tree. This tree is

illustrated in Figure 3.

In treatment BASE each announcement only reveals information about current earnings. In
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Figure 2: Illustration of the possible earnings trajectories within a period in treatment BASE.
The first number in each box is the current level of earnings. The amounts in parentheses and square
brackets are the respective fundamental values, i.e., the expected future payoffs per share corresponding
to the current level of earnings (figures in parentheses were communicated to subjects, figures in square
brackets were not). Red (Green) arrows lead to boxes following decreases (increases) in earnings. The blue
boxes (bottom row) are only reached after trading for that period has concluded.
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contrast, each announcement in treatment CORR contains information about both current
earnings and subsequent earnings announcements. Consequently, surprising announcements
in treatment CORR have greater impact on the fundamental value than the announcements
in treatment BASE, while unsurprising announcements in CORR have a smaller impact on
the fundamental value.

In any given announcement, if firm A’s earnings are announced to have increased, firm
B’s earnings are announced to have decreased, and vice versa. The earnings changes always
have the same magnitude (0.5 talers) but opposite signs. The earnings changes of the two
firms are thus perfectly negatively correlated, and so are the changes in fundamental values
(F'V). All of this is public information.

The perfectly negative correlation of the changes in fundamental values implies that a
portfolio containing an equal number of A and of B shares is risk-free. Remember that each
subject is endowed with only A shares or only B shares. Risk-averse traders thus have an
incentive to trade in order to equate their holdings of A and B shares. Because the aggregate
number of A shares equals that of B shares, the aggregate risk is zero. Equilibrium with
risk-averse traders then implies that (1) all traders hold risk-free portfolios, and (2) the risk
premium is zero. Consequently, in equilibrium, prices should equal expected values.

The negative correlation of the fundamental value changes also implies that the sum of
the values of an A share and of a B share is always 200. In a market with IV subjects, the

N

aggregate endowment is 7 - 9 shares of each type. The total value of the market’s share

endowment thus is % -9.200 = 900N. Since the market’s total cash endowment is also

900NV, the cash-to-asset ratio equals 1, thus enabling trading while avoiding cash endowment

effects.f

6See Palan (2013) and Noussair and Tucker (2016) and the references therein for evidence on the rela-
tionship between the cash/asset ratio and mispricing. Note that in our experiments the short selling capacity
(each trader can short up to 9 A and 9 B shares) and the margin buying capacity (each trader can buy on
margin up to a negative cash balance of 900 talers) are also symmetric and thus do not distort the cash/asset
ratio.
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3.3. Subject payment
Subjects’ payoffs are based on their wealth W, 7, determined at the end of each period.
Specifically, one period is chosen for payout using a physical randomization device and each

subject’s wealth in this period is calculated as:

fe{A,B}

where Ey are the final earnings of firm f € {A, B}, n; s is subject ¢’s final balance of
shares of firm f’s stock, and ¢; are the subject’s final cash (taler) holdings.”

Payoffs are calculated by converting W; using an exchange rate of 100 talers = € 1.
Additionally, subjects receive a base compensation of €5 to €8, depending on the rules

of the lab a given session was run in.

Overall earnings are bounded from below by € 0.
In total, subjects thus earn an average of 1800 talers (€ 18) from trading plus the base
compensation for an experiment lasting around 2h. Table 1 reports the actual payments

from the experiment. The average subject earns about € 25.

Table 1: Overview of subject payoff in euros. Information about subject payoffs by treatment, in-
cluding mean payoff, payoff standard deviation (SD, within-session average), minimum (Min) and maximum
(Max) payoff.

Treatment Mean SD Min Max

BaAse 248 26 114 30.8
CORR 250 50 91 471

4. Results

Before we turn to a test of our hypotheses we provide a short description of the trading

activity in our experimental markets.® As we document in Table 2, we see substantial trading

"We suppress the p and 7 indices of W, n, E and ¢ for notational simplicity.

8Labs in different cities have differing requirements regarding average subject compensation. These
different requirements usually reflect differences in wage and price levels between the cities.

9We analyze our data using R (R Core Team, 2017) and generate regression tables using stargazer
(Hlavac, 2018) and tezreg (Leifeld, 2013). For the remaining tables we use kableExtra (Zhu, 2019), for the
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activity. The average trader engages in 48.6 actions (submitting a limit order, cancelling
an order, or accepting another trader’s order) over the course of a period and is involved
in 26.3 transactions per period. These numbers correspond to one action per trader every
18.5s and one transaction per trader every 34.2s. The figures in Table 2 also reveal that
there is more trading activity in the BASE treatment than in the CORR treatment. Both the
number of transactions and the number of actions per period are higher by approximately
15% in BASE, most likely because of the less complex setting in this treatment.

Table 2: Overview of trading activity. ‘Actions’ include order submissions, order cancellations, and
the acceptance of outstanding orders.

Trades per period Actions per period

Treatment Mean SD Min Max Mean SD Min Max

Base 179 74 89 468 630 187 349 1159
CORR 170 57 86 318 579 148 352 870

4.1. FExistence of PEAD

In order to analyze the prices in our experimental markets we subdivide each period into
intervals of 10s. We refer to these intervals as windows. As we will demonstrate in section
4.3, the bid-ask spreads in the experimental markets are large and particularly so shortly
after an earnings announcement. We therefore base our main analysis on quote midpoints
(but still refer to them as “prices” for ease of exposition) in order to eliminate the effect of
bid-ask bounce. The analysis thus—and in line with most prior empirical research on the
PEAD—ignores transaction costs. Also in section 4.3 we then analyze the profitability of
trading strategies aimed at exploiting the PEAD. This analysis is based on executable bid
and ask prices and thus explicitly accounts for the execution costs traders incur.

Figure 4 plots cumulative taler price changes relative to the quote midpoint at the time

of the earnings announcement. The upper [lower| line in each diagram tracks price changes

figures ggplot2 (Wickham, 2016).
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after positive [negative| earnings surprises. The dashed horizontal lines refer to the price
levels reached by the end of the announcement window, i.e., the window starting at the
moment of the earnings announcement. These prices capture the initial price reaction to
the earnings announcement.

Panel (a) of Figure 4 shows results pooled across both treatments. There is clear ev-
idence of PEAD. Prices of stocks with positive earnings news jump by 3.96 talers in the
announcement window, but then continue to drift upwards by another 3.80 talers in the
170s following the announcement window. The drift is even more pronounced after negative
earnings surprises. In this case prices drop by 2.10 talers in the announcement window
and then drift downwards by another 7.88 talers over the remainder of the phase. These
figures imply that a strategy, initiated at the end of the announcement window, that goes
long stocks with positive earnings surprises and short stocks with negative surprises earns a
profit (before transaction costs) of 11.71 taler.

Table 3 reports the results of t-tests.!® The figures in the first column indicate that
the profits of both a ‘long’ strategy that invests in stocks with positive announcements
and a ‘short’ strategy that sells the stocks with negative announcements earn a statistically
significant profit, with t-statistics of 6.35 and 13.61, respectively. The profit of the combined
‘long-short strategy’ is also highly significant, with a t-statistic of 14.48. These results clearly
support Hypothesis 1.

Result Hypothesis 1. There is clear evidence of post-earnings-announcement drift in our
experimental asset market data.

OFollowing Benjamin et al. (2018), we highlight significance at the 0.005 level alongside the more con-
ventional 0.05 and 0.01 levels.
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Figure 4: Taler gains and losses relative to the quote midpoint at the time of the announce-
ment. Average price changes relative to the quote midpoint at the time of the announcement, using the
closing quote midpoint for each 10s window following the announcement. Panel (a) plots results for the
pooled data from all treatments; panel (b) reports results separately for treatments BASE (left) and CORR
(right); panel (c) plots only CORR data and reports results separately for unsurprising (left) and surprising
(right) earnings news, using only data from Phases 2 through 4. The blue (orange) line plots the cumulative
price changes following positive (negative) earnings news. The dashed horizontal lines of the same colors
indicate the price levels at the end of the 10s announcement window.
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Table 3: Post-earnings-announcement drift. Mean taler gains based on quote midpoints from the end
of the post-announcement-window until the end of the phase. The data for treatment CORR separated by the
surprise variable exclude the phase following the first announcement. We report ¢-statistics in parentheses.

Treatments CORR Treatment?

AllP BASE CORR A No Surprise Surprise A
Long 3.80*** 3. 17H** 4.42%%* 1.25 2.75% 10.22%** T.47F*

(6.35) (6.08) (4.12) (1.05) (2.25) (4.36) (2.82)
Short ST.8BFKE 4 68%FF  _11.36%*F  -6.69%** S8 -18.42%** -9.71F*

(-13.61) (-9.41) (-11.37) (-5.99) (-8.54) (-5.55) (-2.80)
Long-Short  11.71%**  7.66*** 16.20%** 8 53*** 11.94%** 26.09%** 14.15%**

(14.48) (10.08) (11.72) (5.41) (6.78) (7.56) (3.65)

Note:

*p<0.05, **p<0.01, ***p<0.005 (two-tailed ¢-test)

Values based on all phases where both the first and the last 10s windows following an announcement
(windows 0 and 17) have both a bid and an ask; thus permitting us to calculate quote midpoints.

& CORR Treatment data separated by the surprise variable excludes the first announcement.

> Only phases with valid midpoints to calculate return considered (includes 95% , 87.5% , and 85%
of Long, Short, and Long-Short phases, respectively, for ‘All’ column).

4.2. PEAD and earnings autocorrelation

To test whether earnings autocorrelation is a necessary condition for a PEAD to arise we
next analyse the experimental markets separately for each of the two treatments. We present
the results in Panel (b) of Figure 4. There is clear evidence of PEAD in both treatments.
However, the drift is much more pronounced in the CORR treatment than in the BASE
treatment. The results shown in columns 2 and 3 of Table 3 confirm this finding. After a
positive earnings surprise and excluding the announcement window, prices drift upwards by
3.17 talers in treatment BASE and by 4.42 talers in treatment CORR. Both values are highly
significant. Similarly, prices drift downwards after negative earnings surprises by 4.68 talers
in treatment BASE and by 11.36 talers in treatment CORR.!' Again both values are highly
significant. The long-short strategy yields a return of 7.66 talers in treatment BASE and of

16.20 talers in treatment CORR. The differences between the two treatments are significant

We test whether the immediate price reactions after positive and negative earnings surprises differed
significantly. We find significant differences in the BASE treatment (Welch two-sample #(214.08) = 1.0850,
p = 0.0312) and somewhat stronger differences in the CORR treatment (Welch two-sample ¢(289.97) =
2.5758, p = 0.0022).
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for the short strategy and for the combined long-short strategy.

We run regressions to gain deeper insights into the price dynamics, using the window-
to-window taler quote midpoint price changes as our dependent variable. We exclude the
announcement window from the analysis, because it captures the initial price reaction to the
earnings announcement rather than the post-announcement drift. All price changes after
negative earnings surprises are multiplied by (—1). This allows us to pool the data from
windows following positive and negative announcements. Our independent variables include
a dummy that identifies observations from the CORR treatment, and count variables for
the period within a session, the phase within a period, and the window within a phase.!?
The period and phase count variables capture changes in the strength of the PEAD across
the periods of a session and the phases following the four earnings announcements within a
period. We use their coefficients to judge whether the PEAD diminishes as the experimental
subjects gain more experience. We use the coefficient of the window count variable to analyze
the dynamics of the drift following an earnings announcement. Because the pattern depicted
in Figure 4 suggests that the strength of the drift decreases at a decreasing rate, we also
include the square of the window number to allow for a non-linear change in the strength
of the drift. Finally, we include a dummy variable that identifies phases following a positive
earnings surprise. We can thus test whether the drift is different following positive and
following negative surprises.

We report the results in the first column of Table 4. The constant is positive and
significantly different from zero, implying that there is a drift in the direction of the earnings

t‘13

announcement in the BASE treatmen The drift is weaker after positive announcements, as

12Remember that each session consists of four periods and each period is sub-divided into five phases of
180s each. Consequently, each phase consists of 18 windows of 10s each. The regression analysis excludes the
first phase of each period (because it is not preceded by an earnings announcement) and the first window of
each phase (because it captures the initial price reaction to an announcement rather than post-announcement
drift).

13Note that we re-base the Period, Phase and Window variables (i.e. we set the respective count variable
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is evidenced by the negative coefficient for the ‘Positive earnings change’ dummy. However,
the sum of the two coefficients is still positive and significant, implying that there is also a
significant PEAD after positive announcements in the BASE treatment.

The positive and significant coefficient on the CORR treatment dummy implies that the
drift is stronger in the presence of earnings autocorrelation. The pattern of the “‘Window(’
and ‘Window0?" coefficients suggests that the drift indeed decreases over time, but at a
decreasing rate. The coefficients on the count variables for the period and the phase are
small and not significant, implying that the drift is not lower in later phases of a period
or in later periods of a session. We therefore conclude that the occurrence of PEAD is a
persistent phenomenon in our experimental markets.'4

The results presented in this sub-section support our earlier finding that there is a sig-
nificant and persistent PEAD in our experimental markets. They furthermore clearly reject
hypothesis 2. Earnings autocorrelation is not a necessary condition for the occurrence of
PEAD. Rather, it is an accelerant that strengthens PEAD compared to a situation without

earnings autocorrelation.

Result Hypothesis 2. Farnings autocorrelation is not a necessary condition for post-earnings-
announcement drift. However, the drift is significantly more pronounced in the presence of
earnings autocorrelation.

The CORR treatment is characterized by positively autocorrelated earnings changes.
This pattern in earnings announcements implies that an earnings change with the same sign
as the previous change is more likely (and thus less surprising) and has a smaller impact

on the fundamental value of the stock than a change in the opposite direction. We will

for the first Period, Phase and Window to 0 rather than to 1) in order to make the constant interpretable.
With these variable definitions the constant in our regression captures the drift in the first phase, of the
first period, immediately after the announcement window, after a negative announcement, in the BASE
treatment. We identify the re-based variables by adding a "0" to the variable name, e.g. ‘Period0’.

14Note that the regression R? is low. Thus, while the large number of observations in our sample
allows us to document clear evidence regarding drivers and dynamics of the return drift following earnings
announcements, the patterns that we detect explain only a small fraction of the overall return variability.

23



refer to the two types of announcements as “unsurprising” and “surprising” announcements,
respectively. Note that the first announcement in treatment CORR is neither unambiguously
surprising nor unsurprising.'® We therefore exclude the first announcement from all analyses
that distinguish between surprising and unsurprising announcements.

We plot results for surprising and unsurprising announcements in Panel (c) of Figure 4.
The figure provides clear evidence that the PEAD is more pronounced after surprising
announcements. This is in line with the empirical literature that has documented stronger
drift after larger earnings surprises (e.g., Bernard and Thomas, 1989). Our previous finding
that the drift is stronger after negative than after positive announcements continues to hold.
The results shown in the last three columns of Table 3 confirm these conclusions. The
drift is statistically significant after both surprising and unsurprising announcements, but is
much more pronounced after surprising announcements. The differences are significant for
the long strategy and for the combined long-short strategy. We present the results of an
augmented regression model in Column 2 of Table 4. We replace the dummy for the CORR
treatment by three separate dummy variables which identify phases in treatment CORR with
unsurprising and surprising announcements and phases following the first announcement
which, as outlined above, is neither ambiguously surprising nor unsurprising. The results
confirm our previous findings. There is a PEAD after both surprising and non-surprising
announcements, yet it is significantly more pronounced after surprising announcements.

These findings support Hypothesis 3.

Result Hypothesis 3. Greater earnings surprises are followed by more substantial post-
earnings-announcement drift.

The results documented thus far have important implications. They stem from a well-

controlled, precisely engineered laboratory experimental setting. In this setting, several

15Tn the first announcement, earnings are as likely to increase as they are to decrease, and the absolute
size of the impact on the fundamental value of the announcement is independent of the direction of the
announcement.
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of the factors that have been conjectured to cause the post-earnings-announcement drift,
such as informational asymmetries or changes in the riskiness of a stock that are related to
earnings news, can be ruled out. We can thus focus on the question whether (as proposed by
Bernard and Thomas, 1989, and many others) earnings autocorrelation causes the drift. Our
results do not support this hypothesis. Rather, they suggest that earnings autocorrelation,

while strengthening the PEAD, does not cause it.
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Table 4: Regression analysis of window-to-window changes in taler closing quote midpoints.
OLS regressions of returns over consecutive post-announcement windows. The dependent variable is the
absolute change in taler closing midpoints per window. Returns are signed based on direction of previous
earnings change (i.e., the signs of returns following negative announcements are reversed). ‘Period0’ is the
period number within the session, rebased to the range 0...3 (instead of 1...4). ‘PhaseQ’ is the phase
number within the period, rebased to 0...3 (instead of 1...4; thus excluding the phase preceding the first
announcement, and designating the first post-announcement phase as 0). ‘Correlated’ is a dummy variable
for treatment CORR. ‘Correlated (No surprise)’ is a dummy variable for an earnings change carrying the same
sign as the earnings change in the previous announcement in the CORR treatment. ‘Correlated (Surprise)’
is a dummy for an earnings change carrying the opposite sign as in the previous announcement in the
CORR treatment. ‘Correlated (First announcement)’ is a dummy for returns stemming from the phase
following the first announcement in the CORR treatment (which is neither unambiguously surprising nor
unsurprising). ‘Window(Q’ is the consecutive ID number of the time window, starting with the window
following the announcement window (thus excluding the window directly after the announcement), rebased
to 0...16 (instead of 1...17).

Model 1 Model 2
Constant 1.181* 1.137
(0.141) (0.141)
Correlated 0.227**
(0.061)
Correlated (No surprise) 0.054
(0.062)
Correlated (Surprise) 0.563***
(0.137)
Correlated (First announcement) 0.378**
(0.041)
Positive earnings change —0.199*** —0.198***
(0.066) (0.066)
Period0 —0.056 —0.059
(0.034) (0.035)
Phase0 —0.007 0.027
(0.022) (0.019)
Window0 —0.188*** —0.189**
(0.029) (0.029)
Window(? 0.008*** 0.008***
(0.002) (0.002)
R? 0.004 0.005
Adj. R? 0.004 0.004
Num. obs. 10389 10389
RMSE 5.578 5.576

***p < 0.005, **p < 0.01, *p < 0.05. Standard errors, clustered at the Session level, in parentheses.
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4.3. Trading strategies

The results in the previous sections clearly document the existence of PEAD in our
experimental markets. They furthermore show that trading strategies can profitably exploit
the PEAD on paper, i.e., when transaction costs are ignored. We now turn to the question
of whether traders could employ strategies to profitably exploit the PEAD in practice, i.e.,
when transaction costs are taken into account. As we laid out in section 2.1, the empirical
evidence from field data on this question is ambiguous.

The source of the transaction costs in our markets is the bid-ask spread. Figure 5 shows
the evolution of the bid and ask prices over time, averaged over all periods of all sessions of
the BASE and CORR treatments. Note that in the figure we center bid and ask prices on
the fundamental value of the stock, not on the quote midpoint.!®

Four patterns are apparent from the figure. First, spreads are generally wide, making
trading using market orders expensive. Average spreads in the 10s-windows range from
less than 5 talers to more than 30 talers. These values are substantial, in particular when
compared to the change in the fundamental value caused by an earnings announcement.!”
Second, spreads tend to decline over the course of a period. They are largest in Phase 0
and lower in later phases of a period. The largest spreads (observed immediately after the
start of a period) are explained by the fact that the order book is empty at the beginning of
Phase 0. Orders submitted early, far away from the fundamental value, can thus establish a
wide spread that soon narrows as more orders are submitted. Third, spreads tend to widen

after an earnings announcement and then decline during the remainder of the phase. What

contributes most to the widening of the spread following an announcement is an increase

16The ask prices tend to be farther away from the fundamental value than the bid prices. This pattern
is indicative of slight overpricing. We provide an analysis of price efficiency in section 4.4.

17This change is 10 talers in treatment BASE and up to 28.125 talers after surprising announcements in
treatment CORR. The spreads in our experimental markets are thus wider than those in typical financial
markets outside of the lab, but finding wide spreads when earnings are unexpectedly small or large is not
specific to our experimental setting. Ng et al. (2008) report average quoted spreads of 6.48% and 5.78%,
respectively, for their decile portfolios with the lowest and highest unexpected earnings.
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in market order submissions (i.e., limit order executions), a reduction in new limit order

18 Furthermore—and

submissions, and, finally, an increase in limit order cancellations .
unsurprisingly—the spread widens asymmetrically. The existing limit orders in the book
constitute free trading options. Following the announcement, traders focus on that side of
the book whose limit orders the announcement has moved closer to, or even into, the money.
Thus, there are more transactions and cancellations of limit asks [bids| following positive
[negative| earnings changes. The reduction in new limit order submissions, in contrast, is
roughly symmetrical, suggesting that traders are too busy trying to execute or cancel stale
limit orders to submit new ones. Fourth, spreads are consistently wider in treatment CORR
than in treatment BASE. This is in line with the greater variability of both fundamental
values (standard deviation 25.2 vs. 12.5 talers) and of trading prices (standard deviation
23.7 vs. 11.9 talers) in treatment CORR as compared to treatment BASE.

The regression results shown in Table 5 confirm the conclusions from the visual inspection
of the data. The dependent variable is the bid-ask spread at the end of each 10s window. As
independent variables we include different dummy variables for treatment CORR in Models
1 and 2. In Model 1 we include a dummy variable identifying any observations from treat-
ment CORR, while in Model 2 we include separate dummy variables identifying observations
from phases following non-surprising announcements in treatment CORR, observations from
phases following surprising announcements in treatment CORR, and observations from the
phase following the first announcement in treatment CORR. We furthermore include a
dummy variable identifying observations from phases following positive earnings changes,
and count variables for the period number, the phase within a period, and the window within

a phase. As in Table 4, we also include the squared window number to allow for nonlinear

18There are about 6 times as many transactions as cancellations in the announcement window. Fur-
thermore, transactions outnumber spread-widening cancellations (i.e., cancellation of the best bid or ask)
approximately 30:1. These factors, which work to reduce the number of limit orders in the book, are ac-
companied by a reduction in new limit order submissions by more than half compared to the average level
of limit order submissions over all windows.
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Figure 5: Development of spreads over time. Average difference between best ask quote and FV (red),
and between best bid quote and FV (blue), in talers, over the trading period. Solid lines plot treatment
BASE data, dashed lines treatment CORR data.
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dynamics.

The results show that spreads start out close to 30 talers at the beginning of the first
period of treatment BASE markets. Spreads are consistently larger in treatment CORR,
even if the difference is only significant for observations following surprising (and first)
announcements. There are no significant differences between the spreads following positive
and following negative earnings announcements. Importantly, the initially high spreads
decline over the periods of a session, the phases of a period, and the windows of a phase.

To analyze whether the PEAD can be profitably exploited we analyze three trading
strategies and discuss them in turn. The first and simplest trading strategy consists of
buying a share at the best ask price immediately after a positive earnings announcement
and selling the share at the best bid price at the end of the phase (and doing the reverse

after a negative announcement).'?

Strategy 1. Following an announcement with positive earnings news, buy a share at the best
ask price. Then, 10s before the next announcement, sell it at the best bid price. Following
an announcement with negative earnings news, do the reverse.

The results of applying this strategy to our data are presented in the top panel of
Table 6. We report separate results for treatment BASE and for both unsurprising and
surprising announcements in treatment CORR.?* The six rows of the panel are based on
different assumptions regarding the timing of the initial trade. The first line assumes that
the opening trade is made immediately after the announcement, the second line assumes
that it is made 2s after the announcement, and so on.

The results indicate that a strategy based on market orders is clearly unprofitable. Be-

cause of the wide bid-ask spreads we documented before, the strategy yields significantly

19Note that—in all analyses—we implicitly assume that the opening trades necessary to implement the
proposed strategies do not affect the prices at which the position can be unwound at the end of the phase.

20As noted before, we exclude the results for the first phase in treatment CORR (the trading phase
following the first announcement) from the analysis. A separate analysis of this phase (results not shown)
reveals that profits are negative.
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Table 5: Spread regressions. OLS regressions of taler spreads at the close of consecutive 10s windows
starting with the announcement window. ‘Correlated’ is a dummy variable for treatment CORR. ‘Correlated
(No surprise)’ is a dummy variable for an earnings change carrying the same sign as the earnings change
in the previous announcement in the CORR treatment. ‘Correlated (Surprise)’ is a dummy variable for
an earnings change carrying the opposite sign as in the previous announcement in the CORR treatment.
‘Correlated (First announcement)’ is a dummy variable for the phase following the first announcement in
the CORR treatment (which is neither unambiguously surprising nor unsurprising). ‘Period0’ is the period
number within the session, rebased to the range 0. .. 3 (instead of 1...4). ‘Phase0’ is the phase number within
the period, rebased to 0...3 (instead of 1...4; thus excluding the phase preceding the first announcement,
and designating the first post-announcement phase with 0). ‘Window’ is the consecutive ID number of the
time window (0...17), starting with the “announcement window”, i.e., the 10s-window starting at the time
of the announcement.

(1) Spread (2) Spread
Constant 28.179*** 27.140%**
(3.263) (2.987)
Correlated 16.163
(8.538)
Correlated (No surprise) 14.949
(9.287)
Correlated (Surprise) 15.075**
(5.759)
Correlated (First announcement) 19.687*
(9.171)
Positive earnings change 1.832 1.829
(1.469) (1.464)
Period0 —4.921*** —4.922%**
(1.615) (1.600)
Phase0 —2.415*** —1.714***
(0.704) (0.506)
Window —1.077* —1.080***
(0.193) (0.192)
Window? 0.033*** 0.033***
(0.008) (0.008)
R? 0.155 0.157
Adj. R? 0.155 0.157
Num. obs. 11144 11144
RMSE 24.657 24.630

***p < 0.005, **p < 0.01, *p < 0.05. Standard errors, clustered at the session level, in parentheses.
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negative profits in most cases. Furthermore, the timing of the initial trade is important.
The longer the delay between the announcement and the initial trade, the less profitable
the strategy becomes. The latter finding is caused by the facts that (1) prices drift in the
direction of the announcement, thus diminishing the potential profit available from trad-
ing in the direction of the announcement, and (2) spreads widen in the 10s following the
announcement, thus increasing the transaction costs.

However, subjects in our experiments do not have to rely on market orders. Rather,
they can open a position using a limit order and then simply hold on to their position until
the end of the period where they receive |pay| the fundamental value for each stock that
they have bought [sold short]. Submission of a limit order requires the specification of a
price limit. We propose the following simple procedure. We assume that, after an earnings
announcement, the trader submits a limit order with a price limit equaling the current quote
midpoint. We then use the experimental data to check whether this limit order would have
executed. We categorize it as executed if, at any time during the remainder of the phase, we
observe a transaction at a price equal to or better than (i.e., lower |[higher| in the case of a
buy [sell] limit order) the price limit of the limit order.?! If the limit order is not executed,
the profit is recorded as zero. If the limit order is executed, we assume that the resulting
position is held until the end of the period where the trader receives |[pays| the fundamental

value for each stock that (s)he owns [is short].?> We thus have the following strategy:

Strategy 2. Following an announcement with positive earnings news, submit a limit buy
order, priced at the quote midpoint. If this order gets executed, hold the position until

21 Assume, for example, that following a positive announcement, the best bid price is 100 and the best ask
price is 110. The trader then submits a limit buy order with a price limit of 105. We categorize this order
as executed (at the price of 105) if, in our experimental data, a transaction was concluded, or an ask limit
order submitted, at a price equal to or below 105 at any time during the remainder of the phase following
the announcement.

22We use the F'V of the current phase as the relevant closing price, even though in practice subjects can
redeem their shares at the fundamental value only at the end of the period, after the final announcement.
The F'V of the current phase, however, is the expected value of this final redemption value. The returns
shown in Table 6 are thus correct in expectation, but are not risk-free.
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the end of the period and receive the fundamental value for each share held. Following an
announcement with negative earnings news, do the reverse.

The middle panel of Table 6 presents the profits that can be obtained by following this
strategy. The returns reported in the table include the cases in which the initial limit order
is not executed and the profit is thus zero. The profits shown in Table 6 are therefore not
conditional on execution. The proportion of initial limit orders that get executed is approx-
imately 75.4% (when the limit order is placed 10s after the announcement). The profits are
positive and significant in all cases we consider; in treatments BASE and CORR and, in the
latter, both following surprising and unsurprising earnings announcements. Furthermore,
we find that profits are higher the sooner after the earnings announcement the position is
opened. They are also higher (for the 10s delay) in treatment CORR than in treatment
BASE (Welch two-sample £(379.73) = 1.9196, p = 0.0557)* and, within treatment CORR,
following surprising announcements than following unsurprising announcements, though not
significantly so (Welch two-sample #(88.183) = 0.2885, p = 0.7736).

Subjects can implement Strategy 2 in our experiment. However, outside of the lab, there
is no good analogue to the redemption of the shares at their respective fundamental values at
the end of a period. Rather, traders in markets outside of the lab have to actively close their
positions in order to realize their profits (or losses). We therefore devise a third strategy that
can be implemented also in markets outside of the lab. We assume, as in Strategy 2, th