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Abstract

Investors with limited attention have an incentive to focus on summary statistics
rather than individual pieces of information. We use this observation to form a test
of the impact of limited attention on the aggregate stock market. We examine the
market response to a macro economic release that is purely a summary statistic, the
U.S. Leading Economic Index (LEI). Consistent with the limited attention hypothesis,
we show that the LEI announcement has an impact on aggregate stock returns, return
volatility, and trading volume. Furthermore, we find that the response to the LEI is

higher for stocks which inattentive investors are more likely to trade.
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1 Introduction

For most investors, the costs of processing all relevant information are prohibitively high.
As such, these investors can be viewed as having limited attention. Previous studies provide
evidence suggesting that investors’ limited attention is important for the pricing of indi-
vidual securities (see, e.g., DellaVigna and Pollet (2006), Hirshleifer, Lim and Teoh (2006),
Huberman and Regev (2001)). In this paper, we ask whether limited attention also has an
impact on the aggregate stock market.

To answer this question, we examine how the release of summary statistics affect the
market. Barberis and Schleifer (2003) and Peng and Xiong (2006) highlight that investors
with limited attention economize on information processing by grouping stocks into cate-
gories. In the same spirit, investors with limited attention may choose to focus on summary
statistics instead of attending to every individual piece of information. This implication of
limited attention has not, to our knowledge, been tested in the previous literature.

The summary statistic we identify is the Conference Board’s U.S. Leading Economic
Index (LEI). This index is designed to track business cycle fluctuations and signal turning
points in the business cycle. Thus, it is economically relevant as it contains information
about future cash flows and discount rates, and it has a leading relationship relative to
macroeconomic aggregates such as output and employment. Importantly, the index aggre-
gates data that is already publicly available and is released monthly on a pre-determined
day at a pre-determined time.

Our null hypothesis is that there should be no market reaction to the announcements
of the index since 1) the LEI is based on previously released data, 2) the components and
methodology of the LEI are readily available to the public, and 3) the index is fairly easy
to reproduce. These are well-known facts, publicized among other places on the Conference
Board’s internet page and Bloomberg.! Thus, it is possible to calculate the change in the
index before its release. However, if limited attention is important for the aggregate stock
market, the information in the LEI would be news to investors and as such have a market
impact. Further, if this market impact is caused by limited attention, we would expect to
find a larger response among stocks in which investors subject to this bias are more likely to
trade.

Looking at intraday data over 72 announcement days over the period 1997-2005, we find

See http://www.conference-board.org/economics/bci/general.cfm and
http://www.bloomberg.com/markets/ecalendar/index.html



that the release of the LEI is associated with measures of information arrival such as market
returns, return volatility, and trading volume. The market return is positively related to the
changes in the LEI; a one standard deviation increase in the LEI on average leads to a 3.5
basis-point increase in the subsequent 5-minute market returns. Aggregate return volatility
and trading volume increase by 25% and 7%, respectively, following the announcement. The
volatility increase is significant for the 5-minute interval following the announcement, while
the volume increase persists for the subsequent 30 minutes.

The absolute level of the return response is fairly low. However, this result is expected
given that limited attention should affect markets less if the information is market-wide, as is
the case here (see Peng and Xiong (2006)); investors have a higher incentive to be attentive to
information that is more important for their utility, and as a group investors therefore focus
more on market-wide information. Further, since the release is recurring and replicable, one
would expect attentive arbitrageurs to eliminate profit opportunities arising from the release
up to transaction costs. Therefore, the tests in this paper are stacked against the limited
attention alternative hypothesis. Our results are thus consistent with both limited attention
on the part of a subset of market participants and market efficiency imposed by information
gathering incentives and arbitrageurs.

To examine the robustness of the results we test another hypothesis. If the market impact
of the LEI announcements are caused by limited attention of a subset of investors, we would
expect to find a larger impact on stocks which investors subject to this bias are likely to
trade. We test this conjecture by looking at the cross-sectional return response to the LEI
release. Inattention-prone investors are more likely to trade large capitalization stocks, which
have high volume and are featured more in the news, as noted by Barber and Odean (2005),
and ‘glamour stocks’ (see Lakonishok, Shleifer and Vishny (1994)), which have high market
to book ratios. Thus, limited attention suggests that large and high book to market stocks
should respond more strongly to the release of the LEI. We construct intraday returns for
the 25 Fama-French portfolios on the announcement days and show that, consistent with the
limited attention effect, the returns of large and low book-to-market stocks respond more to
the LEI announcements, compared to small capitalization and high book-to-market stocks.

The paper proceeds as follows. Section 2 describes the data we use in this paper. Section
3 presents the aggregate stock market results, while Section 4 presents the cross-sectional

results. We conclude in Section 5.



2 The Data

In this study, we combine three different data sources: macro news, intraday index prices
and individual stock transactions. The LEI release dates and index series were provided by
The Conference Board. It is important to note that we use the original release series which
were available to investors at the time since subsequent revisions to macro data resulted in
ex-post updates of the index. In our sample (1/1997 - 8/2005), the index is always reported
at 10:00am.? The market returns data are constructed using S&P500 future prices, while the
cross-sectional analysis uses individual stock transactions data from the TAQ database. The
futures data were purchased from Price-Data.com and includes five minute interval data
on open, high, low and close prices for each of the futures contacts traded between 1997
and 2005.> For each date, we determined which of the multiple contracts available are “on
the run” by comparing their daily volume. The intraday return series for each day were
calculated using prices from that day’s “on the run” contract. Since aggregate intraday
volume data were not readily available, we constructed them by gathering tick-by-tick data
from TAQ for all firms that were in the S&P500 index on a given day. We added transactions
across all firms for each 5 minute interval to arrive at the market volume for that time period.

In addition, we use data from the Census Bureau, Bureau of Economic Analysis (BEA),
Federal Reserve Board (FRB), National Association of Purchasing Managers (NAPM), and
Conference Board, to screen out all dates on which other macro announcements were released
between 9:30am and 10:30am. Specifically, we screen out dates on which one of the following
announcements were made: New Home Sales, Durable Goods Orders, Factory Orders, Con-
struction Spending, Business Inventories, Consumer Confidence Index, NAPM Index and
Target Federal Funds Rate. These announcements were identified by Anderson et al. (2005)

as being most important for U.S. equity returns.?

2.1 The Leading Economic Index

The Composite Index of Leading Economic Indicators (LEI), calculated and published
monthly by The Conference Board (TCB), is designed to predict turning points (peaks and
troughs) in the business cycle. TCB took over the responsibility to publish and maintain

2Before 1997, the index was reported at 8:30am, which coincides with the reporting time for a number
of other macro economic releases (e.g., Census Bureau, Bureau of Economic Analysis). The move to the
10:00am announcement time reflected in part a desire to make the announcement during market open hours.

30ther data fields includes trading volume and open interests.

1See Table 4 in Anderson et. al. (2005).



the LEI and the Business Cycle Indicators database from the Bureau of Economic Analysis
(U.S. Department of Commerce, BEA) starting with the December 6, 1995 release.

Leading indicators are high frequency series that have an established tendency to decline
before recessions and rise before recoveries (for more details on the indicator approach to mea-
suring and analyzing business cycles see Burns and Mitchell (1946) and Zarnowitz (1992)).5
For instance, new orders for machinery and equipment are placed well before investment
plans are completed. By design, the LEI should help predict changes in real economic ac-
tivity. Figure 1 shows that the LEI systematically declines ahead of the recessions dated
by the NBER. Filardo (2004) provides evidence that the LEI performs well as a variable to
forecast cyclical movements in the economy. McGuckin et al. (2007) also report evidence on
the significant out-of-sample forecasting ability of the LEI.

After The Conference Board assumed responsibility for the Business Cycle Indicators
program, it reviewed and revised the LEI in 1996. Notably, the composition of the LEI was
changed: two components were deleted due to their excessive volatility which led to “false
signals” of recessions and a new component was added (the Interest Rate spread). After
this major revision (first released December 30, 1996), The Conference Board also started to
publish the LEI press release at 10:00am EST to be consistent with its other economic data
releases. Previously, the LEI releases were made at 8:30am, following the BEA schedule.

In the current indexing methodology, which changed very little since the 1960s when
the U.S. Department of Commerce began publishing composite indexes, the volatility of
each component is standardized before the component contributions are averaged together,
using equal weights. This adjustment is made so that relatively more volatile series do not
exert undue influence on the index (the standardization factors are updated every year in
January and are available in the monthly press releases). The average contribution becomes
the monthly change in the LEI. Using this monthly change, the index level is calculated
recursively starting from a value of 100 in January 1959, and it is normalized to have an
average value of 100 in 1996.

Seven of the ten indicators used every month in the LEI calculation are available at least
24 hours before each release. The monthly values of the three remaining components which
are not available on the publication date are based on estimates by TCB. These components

(Manufacturers’ New Orders for Consumer Goods and Materials, Manufacturers’ New Orders

>The indicator approach has a long history since the mid-1930s and was developed at the National Bureau
of Economic Research (NBER), following the influential work of Wesley C. Mitchell and Arthur F. Burns.
It has been a major component of the NBER program in economic growth and fluctuations.
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U.S. Leading Index, the Coincident Index and Real GDP
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Figure 1: Time series of the Leading Economic Index, the Coincident Index and Real GDP.



for Nondefense Capital Goods, and the personal consumption expenditure deflator used to
get real Money Supply (M2)) are estimated using a simple AR(2) time series regression.’
The Appendix provides more background information and details on why this procedure was

selected and how it was implemented by TCB.

3 Market Level Results

This section presents the impact of the LEI announcements on aggregate measures of infor-
mation arrival: stock returns, return volatility and trading volume. Our null hypothesis is
that the LEI announcements have no effect. We focus on intraday market activity for two
reasons. First, previous research has shown that the effect of news on aggregate stock market
prices are mainly manifested in intraday returns data (see Andersen et al. (2003, 2007)).
Second, focusing on intraday returns makes our study less sensitive to the presence of other
news effects over the same day (including the time from the close the day before) that we
may not have captured in our econometric specification. Over the course of any given 24
hour period there is a continuous flow of news. By narrowing the time-window, we minimize
the likelihood of the results being contaminated by other, unidentified shocks to investors’

information sets.

3.1 General Methodology

A first-order concern when evaluating intraday data is the well-known presence of intraday
patterns in volatility and volume (e.g., Admati and Pfleiderer (1988)). Rather than attempt a
parametric model to describe such intraday patterns, for which at present there is no agreed
upon model, we investigate return, volatility and volume patterns on LEI announcement
days vs. non-announcement days by utilizing a matching study. This allows us to control
for both intraday and day-of-the-week effects. Specifically, we match each announcement
date with the one week ahead non-announcement date, unless there was another important
macro news release on that date, in which case we picked the date following the LEI release.
Out of a total of 104 announcements in our sample (1/1997 - 8/2005), we exclude 30 due
to the presence of other simultaneous macro announcements and 2 since the intraday future
prices were not available for every 5 minutes in the 9:30-10:30 time interval (see Section 3.5

for results including all announcements days).

6When the unavailable data become available in the next month, the index is revised.



We evaluate the aggregate return, volatility and volume of announcement days versus
non-announcement days over different 5-minute intervals around the time of announcement
to investigate dynamic effects. The LEI release is at 10:00 throughout the sample, and we
focus on the 9:30 to 10:30 interval.” Anderson et al. (2003) note that looking at 5-minute
futures returns strikes a good balance between capturing fundamental dynamics operating
at high-frequencies and minimizing the noise in returns caused by bid-ask bounce and other
microstructure issues. The futures contracts on the S&P500 are very liquid, so empirically
neither stale prices nor the bid-ask bounce are important issues for our purposes. Further,
this approach allows us to compare our results with those obtained in similar studies. For
all intervals, we test whether there is a return response at the time of the announcement
and whether volatility and volume are different on announcement versus non-announcement

days.

3.2 Returns

In this section, we investigate the effect of the LEI announcement on S&P500 futures’ returns.
We first define the normalized change in the LEI index, ALEI,, as

ALEI index, — Ep [ALEI _index]
or (ALEI indexy)

ALEI; =

where Er[] and o7 (-) denote the sample mean and standard deviation, respectively. We
make this normalization for two reasons: 1) it makes the interpretation of regression co-
efficients more intuitive, and 2) it makes the results easier to compare to related studies
where such normalizations are used (such as Andersen et al. (2003) and Lyons and Evans
(2005)).% Tt is usual to subtract the conditional expectation of the release and divide by the
standard deviation of the imputed shocks. However, since our index is replicable, there are
no well-defined “shocks”. Therefore, we simply consider deviations from the sample mean.

We run the regression
R, = o + BAALET, + €}, te[l,2,..,T] (1)

where R;‘}t is the intraday interval i’s log return on the announcement day ¢. Thus, if the

"We use the 24:00 time convention when quoting time intervals. Thus, 10:00 is 10:00am.
8Note that because the sample means and standard deviations are constants, this normalization does not
affect the statistical significance of the estimated response coefficients.



Return Regressions

R

i,to—t1

TABLE 1

= o; + 5ZALEIt + Eit

Time Announcement Days Non-Announcement Days
to — t1 « I} R? p — val « I3 R? p—val
(s.e.) (s.e.) (s.e.) (s.e.)
9:30—-9:35 —.0047 0180  2.09% 0.26 —.0176 .0021  0.03% 0.87
(.0147)  (.0160) (.0154)  (.0132)
9:35-9:40 .0073 0257 4.19% 0.06 —.0166 0285 3.34% 0.15
(.0146)  (.0133) (.0182)  (.0194)
9:40—-9:45 .0115 —.0144 1.57% 0.28 —.0195 0178 1.24% 0.33
(.0136)  (.0132) (.0189)  (.0181)
9:45—-9:50 .0148 0084  0.39% 0.62 —.0137  —.0081 0.31% 0.67
(.0159)  (.0168) (.0173)  (.0188)
9:50—-9:55 .0125 —.0147 1.43% 0.34 .0086 —.0087 0.34% 0.66
(.0145)  (.0152) (.0176)  (.0199)
9:55—-10:00 .0272 0038  0.09% 0.82 —.0033 0125 0.97% 0.36
(.0150)  (.0166) (.0150)  (.0137)
10:00—10:05 —.0437* .0351** 5.33% 0.03 —.0232 0072 0.26% 0.69
(.0176)  (.0162) (.0165)  (.0177)
10:05—-10:10 —.0162 —.0085 0.44% 0.58 .0264 .0019  0.03% 0.89
(.0152)  (.0153) (.0134)  (.0129)
10:10—-10:15 —.0185 —.0090 0.45% 0.63 .0001 .0040  0.08% 0.80
(.0159)  (.0184) (.0170)  (.0152)
10:15—-10:20 —.0213 —.0125 1.15% 0.29 —.0291**  .0025  0.05% 0.87
(.0138)  (.0117) (.0140)  (.0150)
10:20—-10:25 —.0377 —.0020 0.03% 0.89 —.0225 —.0163 1.57% 0.31
(.0146)  (.0144) (.0154)  (.0160)
10:25—-10:30 —.0306** —.0001 0.00% 0.95 .0035 —.0044 0.11% 0.71
(.0136)  (.0119) (.0161)  (.0117)

Table 1: The Table reports estimates from OLS regressions of S&P500 futures return on the same-
day normalized LEI announcement for announcement days, and matched LEI announcement for

non-announcement days.

There are 72 observations in each group. Returns are multiplied by

100, standard errors are corrected for heteroskedasticity (White standard errors). The changes in
the LEI index have been normalized to have mean zero and unit variance. One asterisk denotes
sigifnicant at the 10 percent level, while two asterices denotes significant at the 5 percent level in
a two-tailed test.




interval ¢ is before 10:00, the regressor is the same-day future percentage change in the LEI
index, whereas if the interval 7 is after 10:00, the regressor is the same day’s already reported
LEI change. For comparison, we also run the regression

RN = oM+ BYAALEIL + &) te[1,2,..,T] (2)
where the superscript V4 refers to the non-announcement day t', which corresponds to the
matched announcement day ¢. Table 1 presents the results.

The regression coefficients for the 5-minute intervals before the announcement (from
9:30 - 10:00) are on average positive, but insignificant. The regression coefficients on non-
announcement days are also insignificant and on average half as big as the case for the
announcement days. At the announcement (interval 10:00 - 10:05), the announcement day
regression coefficient is positive and significant at the 5% level, while the non-announcement
day regression coefficient is about a quarter in magnitude and insignificant. Thus, the
LEI announcement is moving aggregate stock prices in the direction of the change in the
LEI index: A one standard deviation change in the LEI on average gives a 3.5bp return
response on the S&P500 futures. Over the remaining 25 minutes of the event window, there
are no significant effects. However, all the announcement day regression coefficients are
negative, indicating that prices revert somewhat after the initial reaction at 10:00. For the
non-announcement days, there are no significant effects and the average of the regression

coefficients is essentially zero.

3.2.1 Economic Significance

Benchmarking Against Major Macro News Announcements. The return response
documented in the previous section may seem small in magnitude. However, when compared
to major macro economic news announcements such as Non-Farm Payroll and New Home
Sales, the response is economically significant. Figure 2 shows the response of 5-minute re-
turns to the LEI announcement next to the statistically significant 5-minute return responses

to macro economic news announcements taken from Andersen et al. (2005).° As Figure 2

9Andersen et al. (2007) investigate all macro releases including the LEI, but do not find significant
evidence that it has a price impact. We offer two explanations for the discrepancy between our results.
First, in their table 4, they state that the LEI is released at 8:30am. This is true only for the beginning of
their sample. In our sample, from 1997 and onwards, the release time is always at 10:00am. At present we
do not know if the authors corrected the change in release time over the sample, but they give no indication
in their paper that they do. Second, and more fundamentally, they investigate normalized “surprises” based
on market estimates obtain from a survey database (MMS). But, as we discussed in section 3, it is unclear

9



FIGURE 2
LEI Return Response: Benchmark Against Major US Macro Releases

0.140 —+

0.090 +

0.040 +

-0.010 +

-0.060 ~

Return Response Coefficient

-0.110 ~

-0.160 -

Figure 2: This Figure shows the 5 minute return response to normalized (mean zero, unit variance)
macro economic news announcements (Andersen et al. (2007)) next to the 5 minute return response
to the normalized LEI announcement.

shows, the response to the LEI announcement is as big as for true news announcements
such as New Home Sales and Net Exports. It is about 30% of the CPI announcement and

25% of the macro economic announcement that gives the largest return response (Non-Farm
Payroll).

Cumulative Returns Assessment. To further assess the economic significance of the
return-predictability, we construct a simple trading strategy based on the change in the LEI
index. The strategy initiates a buy (sell) of S&P 500 index futures at the open prices on the
day of the announcement in the direction of the change in the index. The amount transacted
is proportional to the absolute value of the (known) change, maxed out at 0.4. Therefore, if
the change in the LEI index on date ¢ is 0.2, the strategy initiates a buy of $0.2. At 10:05,
the position is reversed.

Notice that this is a conservative strategy. An alternative, more aggressive strategy,

would initiate the trades immediately before 10:00 and reverse them at 10:05, resulting in

what these “shocks” represent since the index is perfectly forecastable.

10



lower volatility of profits. Further, volume at the open and right after the announcement is
relatively high so there is good reason to believe that these hypothetical trades might have
been feasible. At the same time, we do not claim that in practice this strategy would have
been profitable as we do not account for trading costs. The purpose of this exercise is simply
to obtain a measure of the economic size of the apparent informational inefficiency.
Aggregating the results across the 72 observations, we find that the strategy yields a
cumulative return of 1.87% with corresponding standard deviation of 9.7%, while the results
obtained from running the same hypothetical trades on the matching non-announcement days
yield a cumulative return of 0.7% and standard deviation of 9.6%.!° Therefore, the Sharpe
ratio obtained from announcement days is at least 2.4 times the Sharpe ratio obtained from

trading on matched non-announcement days.

3.3 Volatility

In this section, we test whether 5-minute stock return volatility is higher on announcement
days compared to non-announcement days in each of the 5-minute intervals in the hour
around the announcement.

As mentioned, it is well-documented that aggregate stock return volatility is time-varying.
To control for this, we employ a matching study. First, we calculate the volatility of 5-minute
returns for each non-announcement day for the relevant trading hour. Next, we divide the
5-minute returns on both the corresponding announcement day and the non-announcement
day by this volatility measure.!! We use only the non-announcement days’ volatility in order
to capture any overall higher levels of volatility on announcement days in the subsequent
volatility tests. This normalization is valid under the null hypothesis that the volatility over
matched announcement and non-announcement days are equal.

Next, we calculate the volatility of 5-minute (normalized) announcement and non-announcement
day returns for each interval as follows. Let R@t be the normalized 5-minute log return for the
interval i, where we have i € {9:30—-9:35, 9:35—-9:40, ..., 10: 25— 10: 30}. Interval

7’s variance estimate is then .
1 .
~2 2
0; = T Z Riy (3)
t=1

0T hese figures represent 35-minute return (9:30-10:05) accumulated over 72 days.

'We calculate standard deviations assuming the expected 5-minute returns are equal to zero. This is a
standard assumption given the short time-interval and yields more robust volatility estimates. Using the
residuals of a regression of intraday returns on their lagged value (to capture any bid-ask bounce, which we
do not find significant) does not produce qualitatively different results.

11



where the subscript ¢ corresponds to the announcement or non-announcement days in our
sample, which are indexed 1 to 72. To test whether the variance on announcement days
is different than on non-announcement days we apply a Levene F-test for each interval 7.'2
Table 2 shows the results.

The ratios of announcement vs. non-announcement days’ volatility exhibits a significant
spike for the interval 10 : 00 — 10 : 05, which corresponds to the time the LEI index is
announced. The increase is not only statistically significant (at the 5% level), but also
economically sizable — volatility increases by an average of 25%. Before 10:00, there appears
to be no overall pattern in the volatility ratio: volatility is about the same on announcement
vs. non-announcement days. There is one statistically significant observation at 9:35-9:40
for which announcement days seem to have lower volatility than non-announcement days.
After 10:00, the volatility ratios are all above 1, indicating that volatility is overall higher

on announcement days in the half hour following the LEI release.

3.4 Volume

In this section, we test whether volume is higher on announcement days compared to non-
announcement days in each of the 5-minute intervals in the hour around the announcement.
To control for the strong increase in aggregate volume over the sample period and the
well known intraday patterns in volume, we create normalized 5-minute volume for each
announcement day, v; ;, by dividing the volume of the same 5-minute interval on the matched

non-announcement day:

volume 5 min interval ¢ on announcement day ¢

Vit =

volume 5 min interval 4 on non-announcement day ¢’

We then regress this normalized volume on a constant for each 5-minute interval from market
open at 9:30 until 10:30:

vie=;i+ey,, 1€{9:30-9:359:35—9:40,...,10:25—10: 30} (4)

The null hypothesis we are testing is & = 1. Column 3 of Table 2 reports the results.

At market open the volume on non-announcement days is slightly higher than on non-

12Tt is common in empirical work to use modified Levene F-tests (e.g., Brown-Forsythe modified Levene-
test), as these are generally more robust to departures from normality of returns. We assume the expected
5-minute return is equal to zero, which is neither the sample mean, median nor the 10% trimmed mean, but
which empirically turns out to be very close to the median.

12



TABLE 2
Return Volatility and Volume Ratios

to — 11 Volatility Ratio Volume Ratio
(p — value) (p — value)

9:30—-9:35 1.186 0.978
(0.23) (0.46)

9:35—-9:40 0.785** 1.016
(0.02) (0.64)

9:40—-9:45 0.934 1.049
(0.72) (0.14)

9:45—-9:50 1.146 1.031
(0.41) (0.31)

9:50—-9:55 0.963 1.048
(0.90) (0.10)"

9:55—10:00 1.179 1.046
(0.27) (0.19)
10:00—10:05 1.252** 1.068**
(0.05) (0.04)
10:05—-10:10 1.133 1.067**
(0.46) (0.03)
10:10—-10:15 1.037 1.070**
(0.93) (0.03)
10:15—-10:20 1.326** 1.071**
(0.01) (0.04)
10:20—-10:25 1.017 1.071**
(0.98) (0.02)
10:25—-10:30 1.240 1.099**
(0.10) (0.00)

Table 2: Table reports estimates of standard deviation of normalized 5-minute returns and 5-minute
volume on announcement and non-announcement days. There are 72 observations in each group.
The variance ratio test is a Levene F-test, where zero is assumed to be the median/mean return.
The volume ratio is regressed on a constant. The null hypothesis is a = 1. Standard errors are
corrected for heteroskedasticity (White standard errors). One asterisk denotes significance at the
10 percent level, while two asterices denote significance at the 5 percent level in a two-tailed test.
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announcement days, but the difference is insignificant. However, as we get closer to the
10:00 announcement, the volume ratio becomes larger than unity and statistically significant
following the announcement, as it was for both returns and volatility. The volume effect,

however, persists significantly throughout the half hour following the announcement.

3.5 Robustness

To examine the robustness of the results, we repeat the same analysis on the full set of
announcement days. Recall that we initially excluded days on which other macro announce-
ments (including Federal Open Market Committee meetings) were released. The full sample
consists of 102 announcement days in the sample period January 1997 to August 2005. If
the full sample is affected by the presence of other macro announcements, we would expect
to find a weaker return response but a stronger volatility and volume responses to the LEI
announcements.

We find that the LEI announcement has very similar impact on aggregate stock market
returns, volatility and volume, compared with the filtered sample. Specifically, we find that
the return response at the time of the announcement (10:00-10:05) is positively related to
the change in the LEI, although the coefficient is slightly smaller (0.028) and its statistical
significance is weaker (t-statistic of 1.74). This is to be expected as the other announcements
are imperfectly correlated with changes in the LEI index and therefore add noise.

In contrast to the return tests which depend on the sign of the announcement, volatility
and volume depend on the presence of announcements. Indeed, we find that volatility in-
creases by 28% following the announcement, which is stronger than for the filtered sample
(25%) where the LEI is the only announcement that occurs. The same applies to trading
volume. It increases by 8.8% following the announcement for the full sample, relative to only
6.8% in the filtered sample.

3.6 Discussion of Aggregate Results

In sum, we show that the LEI announcements have a significant impact on aggregate proxies
of information arrival such as returns, return volatility, and trading volume. The effect is
short-lived for returns and volatility, consistent with previous studies of the impact of news
announcements on aggregate prices. Volume, however, exhibits a more prolonged reaction.

These findings are consistent with the presence of investors with limited attention, who find
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it optimal to focus on summary statistics as opposed to the individual components of the
index.

The absolute level of the return response is fairly low. However, this result is expected
given that limited attention should affect markets less if the information is market-wide, as is
the case here (see Peng and Xiong (2006)); investors have a higher incentive to be attentive to
information that is more important for their utility, and as a group investors therefore focus
more on market-wide information. Further, since the release is recurring and replicable, one
would expect attentive arbitrageurs to eliminate profit opportunities arising from the release
up to transaction costs. Therefore, the tests in this paper are stacked against the limited
attention alternative hypothesis. Our results are thus consistent with both limited attention
on the part of a subset of market participants and market efficiency imposed by information

gathering incentives and arbitrageurs.

4 Cross-Sectional Test

In the previous section, we showed that the release of the LEI has a statistically significant
impact on aggregate returns, volatility, and volume. To examine the robustness of the results
we test another hypothesis. If the market impact of the LEI announcements are caused by
limited attention of a subset of investors, we would expect to find a larger impact on stocks
which investors subject to this bias are likely to trade. We test this conjecture by looking at
the cross-sectional return response to the LEI release. Inattention-prone investors are more
likely to trade large capitalization stocks, which have high volume and are featured more
in the news, as noted by Barber and Odean (2005), and ‘glamour stocks’ (see Lakonishok,
Shleifer and Vishny (1994)), which have low book-to-market ratios. Thus, limited attention
suggests that large capitalization and low book-to-market ratio stocks should respond more
strongly to the release of the LEI. We construct intraday returns for the 25 Fama-French port-
folios on the announcement days and show that, consistent with the limited attention effect,
the returns of large and low book-to-market stocks respond more to the LEI announcements,

compared to small and high book-to-market stocks.

4.1 Portfolio Construction

Andersen et al. (2003) suggest that markets respond to macro information very rapidly. In

light of that suggestion and in order to increase the power of our tests, we use 1-minute

15



returns constructed from tick data on individual stocks. Following the procedure described
in Davis, Fama, and French (2000), we obtain the CUSIP numbers of the stocks in each of
the 25 portfolios for every month from 1997 to 2005.!% Using these data, we then extract
from the Trade and Quotes (TAQ) database the transactions of every stock in each portfolio
from 9:30 until 10:30 on the LEI announcement days.

Calculation of portfolio returns using tick-by-tick data poses a challenge since many
stocks do not trade frequently. As a result, we use the following algorithm. For the time
interval (e.g., 10:00 to 10:01), a stock’s return is calculated if it traded during that minute
and during the preceding minute (9:59 to 10:00). If a stock trades multiple times during
both minutes, we use the latest trades in both minutes in order to calculate the return. All
the stocks that do not trade during either or both minutes are disregarded. The portfolio
return is the equally-weighted return of all the stocks’ returns that did trade between these
two minutes. Thus, our testing procedure is not affected by stale prices.

Some summary statistics for all 25 portfolios are shown in Table 4 in the Appendix. It is
worth pointing out that the average numbers of stocks in our portfolios are consistent with
the data provided by Ken French on the daily 5x5 portfolios. Also, note that none of the
portfolios have very few stocks trading during the minute when the LEI announcements are
made: the minimum is 20 stocks and that is in the large size portfolios, where there is ample
liquidity and each stock trades frequently. In the small size portfolios, which might be most
subject to liquidity and stale price problems, there are always enough stocks trading between
10:00 and 10:01, the minimum being 54. Lastly, we highlight the fact that the average 1-
minute returns during the event window (9:30 to 10:30) are not statistically different from
zero across all portfolios, which gives us confidence that these high-frequency returns are not

biased in any particular way.

4.2 Tests and Results

The limited attention hypothesis implies that large and low B/M stocks should have a
higher announcement effect compared to small and high B/M stocks. In order to test this
hypothesis, we use the intradaily 5 x 5 Fama-French portfolio returns described above and

we perform exactly the same return tests as in the previous section, regressing the return of

13The only difference between their procedure and ours is due to the fact that we do not have the hand-
collected data from Moody’s Industrial Manuals that were used in Davis, Fama, and French (2000). We do
not believe that this creates any systematic bias in our analysis.
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TABLE 3
Cross-Sectional Return Regressions

R;10:.00-10:00 = o + B; - LEIL; + €54

Book-to-Market

L 2 3 4 H Al B/M
S -0.0147  0.0084  -0.0031  0.0237** -0.0171  -0.0006
(0.0127) (0.0123) (0.0137) (0.0111) (0.0187)  (0.0066)
2 0.0128  -0.0027  0.0070  0.0096**  0.0101  0.0074
(0.0105)  (0.0101) (0.0072) (0.0057) (0.0081)  (0.0058)
Size 3 0.0209**  0.0094  0.0040  0.0032  0.0056  0.0086
(0.0087) (0.0062) (0.0054) (0.0055) (0.0070)  (0.0054)
4 0.0188** 0.0148** 0.0144** 0.0156™  0.0137  0.0154**
(0.0103)  (0.0072) (0.0062) (0.0059) (0.0117)  (0.0062)
B 0.0305** 0.0256** 0.0243** 0.0222** 0.0184™*  0.0242**

(0.0113)  (0.0082) (0.0087) (0.0072) (0.0089)  (0.0077)

All Sizes 0.0136**  0.0111**  0.0093  0.0149**  0.0061
(0.0080)  (0.0055) (0.0060) (0.0044) (0.0057)

Table 3: The table reports 3, coeflicient estimates from OLS regressions of return data for each of
the 25 Fama-French portfolios from 10:00 to 10:01 on the same-minute LEI announcement. There
are 72 observations in each group. The "All B/M" and "All Sizes" portfolios are created by summing
the returns of the individual portfolios across rows (B/M) and columns (size), respectively. Returns
are multiplied by 100 and standard errors are corrected for heteroskedasticity (White standard
errors). The changes in LEI have been normalized to have mean zero and unit variance. Two
asterices denote statistical significance at the 5% level in a two-tailed test.

each portfolio from 10:00 to 10:01 on the normalized change in the LEI:
Ri,lO:OO—lO:Ol =q; + 67, : ALE]t + Eit for all 72 dates in our sample (5)

where R; 10.00-10:01 is the return of portfolio ¢ from 10:00 to 10:01.

Table 3 shows the results from the above regressions. Three main results emerge from
this analysis. First, coefficients are positive for almost all portfolios, consistent with the
aggregate results presented in the previous section. Second, for each B/M quintile, as size
increases, the regression coefficient [, becomes larger, i.e. a larger announcement effect. For
instance for the medium B/M category (3), the coefficient goes from being negative and

insignificant for small size to being equal to 0.0243% for large size. This pattern is present
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FIGURE 3
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Figure 3: The figure shows the regression coefficients beta, i.e. the LEI announcement effect, for
the five lowest B/M portfolios (B/M quintile L, dashed line) and for the five portfolios sorted only
on size (All B/M, solid line). The robust standard errors are included as error bars. For clarity, we
did not include the other B/M quintiles on this figure.

in four of the five B/M quintiles, and appears to be stronger as B/M decreases. We further
highlight this size-pattern by constructing aggregate size portfolios by summing the returns
across all B/M categories (i.e. summing across the rows). This gives us five portfolios sorted
only on size. We run the same regressions as before on these five portfolios. The results are
shown in the last column of Table 3 (All B/M) and also in Figure 3. The results are clear
and significant: as size increases, the portfolios react more and more to the release of the
LEIL

The third pattern that emerges from Table 3 is that, as B/M increases, the regression

coefficient (3, decreases, i.e. the LEI announcement effect is lower. This B/M-result is present
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for the three largest size quintiles (3, 4, and B) and is strongest for the largest size quintile
(B), where the coefficient decreases from 0.0305% to 0.0184% as B/M increases. As before,
we further highlight this effect by creating five single-sort portfolios (All Sizes) by summing
the returns across size quintiles. We run the same regression as before on these five portfolios
sorted on B/M only and the results are shown on the last row of Table 3 (All Sizes) and also
in Figure 4. The B/M effect is weaker than the size effect, but the evidence suggests that
low B/M (growth stocks) have higher responses to the release of the LEI than high B/M
(value stocks).

FIGURE 4
Book-to-Market Effect
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Figure 4: The figure shows the coefficients beta, i.e. the LEI announcement effect, for the five
largest size portfolios (size quintile B, dashed line), and for the five portfolios sorted only on B/M
(All Sizes, solid line). The robust standard errors are included as error bars. For clarity, we did
not include the other size quintiles on this figure.

In sum, large capitalization and low book-to-market stocks respond more strongly to the
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LEI announcement. These are also the stocks that retail investors, who are more likely to
be prone to a limited attention bias, trade the most (Barber and Odean (2005)).

4.3 Liquidity, Bid-Ask Spreads and the Bid-Ask Bounce

Could the cross-sectional results be explained by differences in liquidity across the portfolios?
After all, spreads and bid-ask bounce are higher for small market capitalization stocks. We
argue that this would lead us to over-reject the null. To see that, consider a day with a
positive LEI announcement. Since prices respond to the announcement, we are likely to
observe an increase in orders executed at the ask price. For small stocks, which have large
bid-ask spread, the bid-ask bounce would generate "extra" returns compared to large stocks
that have smaller bid-ask spreads. As a result, effects related to bid-ask spreads and bounce
go against our results.

Another possible explanation for the lower observed announcement response for small
stocks is that they are more illiquid compared to large stocks. However, in the construction
of the 1-minute returns to the 25 Fama-French portfolios, we only take into account the
stocks that trade in both the 9:59 - 10:00 minute and the 10:00-10:01 minute. As a result,
stale prices are not an issue for the portfolio returns we construct. In addition, we document
in Table 4 in the appendix that there are many stocks trading in each portfolio, so the

announcement returns are based on well-diversified portfolios.

5 Conclusion

In this paper we present evidence that investors act on summary information, impacting even
aggregate stock market returns, volatility and volume. The paper uses a weak restriction
on aggregate prices to test for the presence of limited investor attention: Markets should
not respond to the release of summary statistics that are based on information already
available. We identify a unique stream of releases, the U.S. Leading Economic Index (LEI),
that is released on an ongoing basis at pre-determined times, consists of previously published
macro data, is calculated using a publicly available methodology, and is widely followed by
the mass media. We show that this series has statistically significant effects on proxies for
information arrival such as instantaneous market-level returns (which move in the direction
of the announcement), return volatility and trading volume.

Since the test pertains to aggregate information, the effects of limited attention on re-
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turns should be constrained by information gathering incentives and arbitrageurs. Peng and
Xiong (2006) show that investors with a limited attention budget choose to expend a larger
fraction of their resources on aggregate information, such as the index constituents of the
LEI Further, since the LEI is released every month at a pre-determined time and date, it is
relatively easy for arbitrageurs to profit from a market return reaction to its release. There-
fore, if investors suffer from limited attention, the market return impact should still be small,
which is what we find. However, the other proxies for the arrival of information, volatility of
volume, increase substantially following the announcement. Thus, the evidence provided in
this paper indicates that summary statistics like the LEI are valuable to a significant fraction
of investors, even though the information provided is technically stale. More broadly, this
suggests a role for other summaries of information such as the ones provided by the financial
press (e.g., Meschke (2004)).
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6 Appendix: LEI Calculation

Let ALEI; ;1 denote the monthly change in the LEI for month ¢ — 1 published in month .
This monthly change is calculated as the sum of component contributions which are derived

from a symmetric percent change formula:

10

Xit— Xt
ALFEIL; 1= i % 200 x ———F—— 6
- (z 200+ XNXM) (6)

where o; is the standardization factor calculated by dividing the inverse standard devia-
tion of component ¢ by the sum of the inverse standard deviations over all components. As
the notation makes clear, the index published in month ¢ refers to past data for t — 1 which
has already been published.

Since January 2001, leading indicator components for month ¢ — 1 that are not available
at the time of publication, month ¢, are estimated by The Conference Board using a univari-
ate autoregressive model to forecast each unavailable component. This procedure seeks to
address the problem of varying availability in its components (i.e. publication lags). Without
it, the index would contain incomplete components or it would not be available promptly
under the current schedule.

In the publication schedule prior to January 2001, the index published in month ¢ referred
to the month ¢ — 2. In the new schedule after January 2001, the index published in month
t refers to the preceding month ¢ — 1 (this information is available from The Conference
Board). For example, in the old publication schedule the index would be calculated in the
first week of March (t) for January (¢ — 2), and the January value of the LEI would use
a complete set of components. According the new schedule, the index is calculated in the
third week of March for February (¢ — 1), and the February value of the index uses 70% of
the components which are already available and remaining 30% are forecast. As seen in this
example, users of the LEI would have had to wait for two more weeks until April for the
February index.

Specifically, the missing components (Manufacturers’ New Orders for Consumer Goods
and Materials, Manufacturers’ New Orders for Nondefense Capital Goods, and the personal
consumption expenditure used to deflate the Money Supply (M2) are estimated using a time
series regression that uses two lags (see McGuckin et al. (2001) for more on this model and

a comparison with other alternative lags structures).!* When the unavailable data become

4The procedure used to estimate the current month’s personal consumption expenditure deflator (used
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available in the next month, the index is revised.

The missing components could be forecast through alternative means. However, The
Conference Board has focused on simplicity, stability, and low costs of production and ar-
gues for concentrating on easily implemented autoregressive model. Note that under the
pre-2001 release schedule of the LEI, it would have been possible to perfectly forecast the
new value each month if the costs of data collection and application of the index method-
ology calculation were undertaken. In the post-2001 schedule, this is still possible, but the

estimated components require an additional step.

in the calculation of real money supply and commercial and industrial loans outstanding) incorporates the
current month’s consumer price index when it is available before the release of the U.S. Leading Economic
Indicators.
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TABLE 4
Descriptive Statistics of the Intradaily Fama-French Portfolios

Portfolio # | T1—min (%)  1—min (%) | Nportfotio | Nt,LEI
1 -0.00617 0.19262 580 93
2 -0.00409 0.24114 433 59
3 -0.00354 0.20421 505 54
4 -0.00408 0.22387 675 55
5 0.00337 0.20218 960 69
6 -0.00372 0.10093 201 82
7 -0.000737 0.10228 156 62
8 0.00282 0.13706 158 54
9 0.0037 0.15862 149 49
10 0.01208 0.61251 91 30
11 -0.00028 0.10274 163 91
12 -0.00174 0.07271 119 62
13 0.000509 0.07263 105 53
14 0.00196 0.08177 82 41
15 0.0015 0.09624 47 24
16 -0.00227 0.07047 138 102
17 0.00108 0.1789 100 68
18 0.00244 0.12944 78 50
19 0.000728 0.05695 54 35
20 0.000566 0.08681 36 19
21 -0.000876 0.07975 158 144
22 0.00164 0.1503 78 63
23 -0.000564 0.0771 50 37
24 0.000232 0.05572 36 28
25 -0.000134 0.06687 28 20

Table 4: For each of the 25 Fama-French portfolios, we report the average 1-minute returns 7 over
the hour from 9:30 to 10:30 along with the respective standard deviations of returns o. We also
report the average number of stocks in each portfolio Wport folio and the average number of stocks
WL g7 trading from 10:00 to 10:01 in each portfolio. All these summary statistics are for our entire
dataset of 72 dates spanning from February 1997 to August 2005. Note that the idiosyncratic
nature of the returns and standard deviations of portfolio 10 seem to be due to an error in the
TAQ data that we are investigating. Nevertheless, we can confirm that this potential error does

not occur between 10:00 and 10:01. 28



