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Abstract

We investigate the information content of inter-transaction time and find that it varies both
across stocks and over time. On average, inter-transaction time is found to be informative
whenever stocks are sufficiently traded. The magnitude of the information content is found to be
larger for less liquid, but still fairly actively traded stocks. In general, trades arriving quickly
move prices more than trades arriving more slowly. Further, the information content of inter-
transaction time is negatively correlated with proxies for the amount of private information in the
trading of a particular stock. We then distinguish between trades in the same direction as the
previous trade from trades in the reverse direction and find that the price impact of a trade as
well as the information content of inter-transaction time is dependent on trade type. In general,
reversing trades are more informative. Further, same-direction trades arriving quickly move
prices more than same-direction trades arriving more slowly, but reversing trades arriving
quickly move prices less than reversing trades arriving more slowly.
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According to market microstructure models, prices respond to trades because trades
convey information regarding the underlying value of the security. In its simplest interpretation,
when traders buy, price rises as market makers revise upward their estimate of the securities true
value. The reverse holds true for sell orders. The literature has documented many factors that
influence by how much a trade moves price, the so-called price impact of a trade. Because the
price impact of a trade is related to the perceived quantity of private information held by the
buyer or seller, the price impact of a trade will be related to the probability that the order comes
from an “informed” rather than an “uninformed” e.g. noise trader. Other factors that have been
identified in the microstructure literature are characteristics of the trade being executed. For
instance, the size of a trade might convey information about its information content and thus
influence its price impact.

The focus of this paper is the impact of a particular trade characteristic that determines
price impact, inter-transaction time. Market microstructure literature has argued that the time
interval between trades conveys information. In Admati and Pfleiderer (1988), for example,
discretionary liquidity traders try to avoid losing money to the better informed by clustering their
trading close together in time. Thus, the observation of multiple transactions occurring together
suggests the presence of predominantly uninformed traders. The empirical prediction of this
model would be that trades that arrive more rapidly have lower price impact on average. Contrast
this intuition with that modeled by Easley and O’Hara (1992). In their model, they allow for the
possibility that no new information exists and for informed traders to be in a hurry to trade in
order to take advantage of their information advantage. As a result, an increase in trading activity
indicates that information has arrived, and therefore, order flow is more informative when

transactions are occurring rapidly.



Because theoretical models have an ambiguous prediction as to the relationship between
the time between trades and the price impact of trading, deciding upon the “correct” model
becomes an empirical question. The empirical evidence gathered to date suggests that the
relationship between inter-transaction time and price impact depends on the market. In foreign
exchange markets, Lyons (1996) documents that trades are less informative when they occur
when transaction intensity is high, a finding consistent with the theoretical result of Admati and
Pfleiderer (1988). Lyons describes it as hot-potato trading whereby foreign exchange dealers
rapidly and repeatedly lay off unwanted inventory in response to an initial potentially informed
trade. Because inventory adjustment by dealers is not informative as to the fundamental value of
a currency, these trades do not generally move prices. Dufour and Engle (2000) find the opposite
empirical relationship in equity markets. In a study of actively traded stocks, they find that when
equity markets are most active, i.e., inter-transaction times are short, the dynamic impact of order
flow on prices is enhanced. Spierdijk et. al. (2002) explores whether the relationship between
price impact and inter-transaction time is present in a sample of very illiquid stocks. They find
that the information content of inter-transaction time is greater for illiquid stocks than for the
actively traded stocks examined in Dufour and Engle (2000). In US treasury markets, Furfine
and Remolona (2002) find results similar to Dufour and Engle (2000). That is, trades of US
Treasuries arriving more quickly tend to have a greater price impact.

The aforementioned empirical studies generally focussed on both a limited number of
securities and on a fairly limited sample period. Thus, the first contribution of the current paper
is to determine whether previous results can be generalized across time and across a larger
number of securities. To some extent, Spierdijk et. al. (2002) study of illiquid stocks addresses

the cross-security issue, but the findings of their study may also be difficult to generalize because



they focus only on very infrequently traded stocks. In the present paper, we examine 100 stocks
that essentially span the range of trading levels from those studied by Dufour and Engle (2000)
to those in Spierdijk et. al. (2002). The second and more fundamental contribution of the present
paper is to document how and try to explain why the information content of the time between
trades changes over time. This question is motivated primarily by the observation that equity
market trading volume has increased dramatically during the past decade. Figure 1 indicates the
number of trades of NYSE-listed companies increased from around 3.5 million in January 1993
to over 30 million in December 2001. The value of these trades has risen similarly, from around
$200 billion in January 1993 to nearly $800 billion by the end of 2001. During the market peaks
of early 2000, monthly trading value approached $1.2 trillion. To put these numbers into the
trading context used in this paper, consider NYSE-listed companies grouped into deciles based
on their average daily number of trades.' Figure 2 indicates that infrequently traded stocks, e.g.
those in the 9™ decile, traded approximately once every 23 minutes in January 1993, but by
December 2001 traded once every 5 minutes. The most frequently traded stocks saw a similar
decline in the average time between trades, from around once every 37 seconds to one trade
every 10 seconds. Figure 3 examines more closely the trading of stocks in the first decile. The
median time between trades, which was 22 seconds in January 1993, had declined to less than 7
seconds in December 2001. Twenty-five percent of trades of the most actively traded stocks
occur within 3 seconds of the previous trade.

Given the tremendous increase in the amount of trading, it may be easy to imagine that
the information content of the time between trades has declined as trading activity has increased.

To see why this might be the case, consider the following hypothetical example. Suppose that

! Unlike the data in Figure 1, the data in Figures 2 and 3 are based on the sample of companies used in this study and
not on a sample of all NYSE-listed companies.



250 uninformed traders of a particular stock will transact randomly and uniformly during a 6.5
hour trading day. If there is an information event, an additional 50 “informed” traders will
transact. Market makers will see trades approximately every 93 seconds when there is no
information and every 78 seconds when there is. Suppose this 16% reduction in average inter-
transaction time is sufficient to inform a market maker that a new information event has
occurred. Now assume that several years later, “uninformed” trading in this stock has increased
to 750 trades per day, but the number of potential informed traders remains at 50. Evidence that
such a relative increase in the “uninformed” has occurred is supported by Easley et. al. (2001).
Market makers would then see an average inter-transaction time of 31 seconds when there is no
information and 29 seconds when there is. Given the variability of inter-transaction times around
their mean, it is conceivable that this difference is not considered economically meaningful to
convey information. Intuitively, as average inter-transaction times fall, one might believe that the
information content of time declines. Thus, in light of the observed increase in trading activity, it
is interesting to determine whether inter-transaction time remains informative.

The coming sections of the paper present the following empirical evidence on the
information content of inter-transaction time. First, using tick-by-tick data on a sample of 100
stocks over 9 years, we document that the time between trades generally conveys information,
but only when a stock is traded fairly actively. Second, we find that among those stocks for
which inter-transaction time is informative, the information content itself varies across time.
Typically, faster trading is viewed as more informative, but we document cases where the
reverse is true. Third, we find that for actively traded stocks, variation in the information content
of inter-transaction time is related to changes in average inter-transaction time and average price

impact. Specifically, an increase in the average time between trades or a decrease in average



price impact is correlated with an increase in the information content of inter-transaction time.
Finally, we document that the relationship between inter-transaction time and price impact is
dependent on whether a trade is in the same direction or in the opposite direction as the previous
trade. In particular, same-direction trades arriving quickly move prices more than same-direction
trades arriving more slowly. However, reversing trades arriving quickly move prices less than
reversing trades arriving slowly.

The paper is organized as follows. Section I describes the data used in the study. Section
IT reviews the Dufour and Engle (2000) model of price discovery implemented in the paper.
Section III presents empirical results for the stock of Disney (ticker DIS) that is illustrative for
the remainder of the paper. Section IV presents results from the full sample of 100 NYSE-listed
companies. Section V explores an extension to Dufour and Engle (2000) methodology,
specifically, the importance of whether or not a given trade is in the same direction as the

preceding trade. Section VI concludes.

L. The Data
The transaction data were extracted from the NYSE TAQ (Trades and Quotes) database
covering the 2268 trades days beginning January 4, 1993 and ending on December 31, 2001.
Because information on market capitalization was used to perform various robustness checks,
sample companies were also required to be included in the CRSP daily stock files over the same
period. To abstract from potential differences in the price impact of trading across different

exchanges, only firms listed on the NYSE for the entire sample were considered.” We also

* The study hopes to analyze the time-series behavior of a cohort of firms where cohorts are determined by a
measure of trading intensity. Many NASDAQ firms were very infrequently traded in 1993, yet traded virtually every
second by 2001, complicating the definition of cohorts. Thus, to alleviate this difficulty, only NYSE-listed
companies were included.



require our sample firms to trade under the same ticker symbol throughout the 9-year period.
Because our main interest is to measure how the price impact of trades in the shares of a given
firm changes through time, we want to mitigate other factors that are changing through time. In
particular, major corporate mergers, which may lead to a ticker change, may mask any secular
change. Following Hasbrouck (1991), we also impose a minimum price requirement on each
company’s stock. We require each stock to be trading for at least $5, on average, during both
January 1993 and December 2001. Also following Hasbrouck (1991), we require a minimum
level of trading activity. Stocks were required to trade, on average, at least 8 trades per day
during January 1993 and 39 trades per day in December 2001.> We then selected 100 of the
remaining stocks randomly, and then grouped them into 10 deciles according to their average
time between trade over the entire sample, with decile 1 corresponding to the most frequently
traded stocks.

The data are then adjusted according to procedures common in the microstructure
literature. Following Hasbrouck (1991), we keep only New York quotes and consider multiple
trades on a regional exchange for the same stock at the same price and time to be one trade.
Then, the trade data (for each company and day) are sorted by time, with the prevailing quote at
transaction ¢ defined to be the last quote that was posted at least five seconds before the
transaction (Lee and Ready (1991)).

A complete listing of the stocks used in this study is given in Table 1. As could be
expected, there is a positive although far-from-perfect negative correlation between the average
time between trades and a company’s market capitalization. Generally, larger firms have stocks

that trade more frequently. As closer examination of decile 1 stocks will be forthcoming, these

? Hasbrouck (1991) chose a threshold of approximately 8 trades a day for data in 1989. 39 trades per day in
December 2001 is the same percentile of the distribution of trading frequency as 8 trades in January 1993.



have been printed in bold. Also, note that the information regarding the time between trades of

each stock are listed in minutes for 1993, but are given in seconds for 2001.

II. Empirical framework
The dependent variable of interest is the trade-to-trade return on a given stock. We denote

this return 7,, and define it formally as the change in the natural logarithm of the midquote of a

given stock that follows the trade at time ¢. That is,

r = 100[111(b’“”+1 er ask.. ] - h{ bid, er ask, D . (1)

Following Hasbrouck (1991), we define the variable x, as an indicator of the trade direction of
the trade occurring at time 7. If the trade is initiated by the buyer, the variable x, =1. If the trade

is initiated by the seller, then the variable x’ =—1. We assume trades at a transaction price
greater than the midquote were buyer-initiated and trades below the midquote were seller-

initiated. For trades at the midquote, x, is assigned to equal zero. We also define 7, as the time,

in seconds, between the trade at time ¢ and the trade at time #-1.

We adopt the empirical specification of Dufour and Engle (2000), which allows both the
trade indicator and the time between trades to affect returns. Defining D, as an indicator that
equals 1 if trade ¢ occurs during the first 30 minutes of the trading day, Dufour and Engle

propose an empirical relationship between trades, inter-transaction times, and returns given by

equation 2.*

* Dufour and Engle (2000) specify additional equations for x! as well as trading intensity 7 . This allows the
computation of impulse response functions to see how inter-transaction time affects the dynamic path of price
adjustment in response to a trade. Our focus in this paper is on the narrower question of how the relationship
between inter-transaction time and price impact changes over time. Thus, we examine only the single equation.



rt = ZS: ai}/;—i + /I(r)penDtxtO + ZS: [7/: + 5; ln(l + T;—i)]xto—i + Vt (2)
i=1

i=0
Because purchases should put upward pressure on prices, we expect that y/ +3J, In(1+7,,)

should evaluate to be positive over the range of relevant values of 7 for some or all of the trade
lags i. This prediction follows from traditional microstructure theory. In Glosten and Milgrom
(1985), for example, market makers set a positive bid-ask spread as compensation for trades
made with counterparties with superior information. As a sequence of sell orders arrive, market
makers lower bid prices, incorporating the probability that the order flow implies that better-
informed investors believe the previous price was too high. The reverse occurs when a sequence

of buy orders arrives.

As indicated in the introduction, however, there are theories that suggest that o, could be
either positive or negative. In their analysis of 18 actively traded NYSE stocks, Dufour and
Engle (2000) find that 6], when statistically significant, is generally negative, meaning that

trades that occur with a shorter inter-transaction time generally lead to price adjustments larger
than those following trades with larger inter-transaction intervals. In other words, stocks become
less liquid when trades arrive faster. This empirical finding is consistent with the intuition of
Easley and O’Hara (1992). That is, when trades arrive more quickly, market makers upwardly
adjust the probability that an information event has occurred. Thus, the probability of receiving
an order from an informed trader has risen and therefore prices must adjust more in response to a

given trade.



1. Results for Walt Disney

To set the stage for the full-sample results presented in Section IV, in this section we
analyze the results for a single actively traded stock. The stock we pick is that of the Walt Disney
Company (ticker DIS). Table II presents selected coefficient estimates from a least squares
estimation of equation (2), with results presented separately for stock trades that occurred during
March 1993 and also those from April 1998. Standard errors are adjusted according to White
(1980).° The first three columns of Table II reveal results quite similar to those presented by
Dufour and Engle (2000). In particular, the coefficients on the first three lags of the trade
indicator are all positive and statistically significant, and the coefficients on the first two lags of
the interaction of the trade indicator and the time between trade variable are negative and
significant. Thus, for DIS during March 1993, trades arriving faster moved prices more. Contrast
this finding with the results from estimating the same equation using trading data from April
1998. Like before, the coefficient on the trade indicator variable is positive and significant at low
lag levels. The coefficient capturing the effect of the time between trades, however, is now
positive and statistically significant. That is, in April 1998, trades of Disney stock arriving faster
moved prices less.

The results of Table II suggest that market makers for Disney believed trades arriving
faster conveyed more information in March 1993, yet contained less information in April 1998.

One possible explanation is depicted in Figure 4. The dotted line in Figure 4 plots the sum of the
o, coefficients from the estimation of equation 2, where the equation was estimated separately

for each of the 108 months between January 1993 and December 2001. The solid line depicts the

> In these and all subsequent regressions, price changes across days are omitted, as are return observations in the
extreme 0.25% tails of the distribution. These latter observations occur mainly due to infrequent, yet obvious errors
in either the bid or ask price of the stock.
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average time between trades for Disney over the sample period. At least two observations are

worth making about Figure 4. First, the observations for March 1993 and April 1998 were the

most extreme observations for the 8, coefficients over the sample period. Second, there appears

to be a negative correlation between changes in the average time between trades and the O/
coefficients. That is, when the time between trades declines sharply, this is generally associated
with an increase in the estimated value of the 8 coefficients. That is, an increase in trading

activity tends to reduce the negative relationship between inter-transaction time and price impact.
In the extreme case of April 1998, the relationship between inter-transaction time and price
impact became positive.

Although wanting to be cautious from making conclusions based on one observation, the
observation for Disney in April 1998 is interesting in that it coincided with the company’s April
23" announcement of a 3-for-1 stock split. Starting on that date, trading activity in Disney
increased dramatically. As shown in Figure 4, trades of Disney stock occurred every 21 seconds
in March of 1998. Disney’s average inter-transaction time fell to just over 5 seconds by July of
that year. To the extent that market makers perceived the increase in trading activity as reflecting
new interest in the stock caused by a pending stock split and unrelated to new fundamental
information regarding the proper price level, the results of Figure 4 make sense. That is, trades

that were arriving much faster were viewed, on average, to be less informative about the price.
Thus far, we have commented on the evolution of the o, coefficients for the Disney

Company between 1993 and 2001. From an economic standpoint, it is perhaps more useful to

compare measures of price impact rather than values of coefficients. In figure 5, we plot an

estimate of the price impact of trading, 7, +J, In(1+7,_,), summed across all lags, evaluated for

11



different values of the time between trading.’ The dotted line in figure 5 plots the price impact of
a trade that has occurred at that month’s average inter-transaction time. As the dotted line
indicates, the average price impact of a trade varies significantly over time. It is generally lower
at the end of the sample than at the beginning, indicating a general increase in market liquidity
for DIS stock. Analysis of the movements of the time series of liquidity measures such as that
depicted by the dotted line would be comparable to the work of Chordia et. al. (2001), who
analyze the variation of liquidity of common stocks both in cross-section and over time.

The focus of the present paper, however, is not on movements of the average liquidity of
stocks, but rather on the relationship between the time between trades and price impact. In Figure
5, this can be seen as the difference between the solid line and the line ticked with boxes.
Consider again the two observations highlighted in Table II. In March 1993, a trade occurring
with the average time since the previous trade moved the price of Disney stock by 1.4 basis
points. A trade arriving quickly, here defined as one arriving at the 10" percentile of the inter-
transaction time distribution for Disney stock during March 1993, moved the price of DIS stock
by an estimated 1.5 basis points. “Slowly” arriving trades, defined as those arriving at the 90"
percentile of the inter-transaction time distribution, moved prices by only 1.32 basis points.
Contrast that with the finding for April 1998. Liquidity, in general, was higher in that trades
occurring at the average inter-transaction time moved prices by only 1 basis point. Fast arriving
trades, perhaps because they were associated with news of the pending stock split, were
considered to be relatively uninformative, and moved prices /less, by less than 2 basis point.

Slowly arriving trades moved prices by 1.24 basis points.

% This estimated price impact is an approximate calculation that neglects the possibly endogenous nature of inter-
transaction time as well as the feedback of past returns on trading.
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To more formally examine the relationship between trading activity and the significance
of the time between trades, we need a proxy for the information content of inter-transaction time.
In the empirical results to follow, we define

z=10th Yotile

vy =3l o ma+ 7)) G)
i=0

z=90th Y%tile
as a measure of the information content of inter-transaction time. That is, y, is calculated by

evaluating the sum of the y; +9J, In(1+7,) coefficients at the 10" percentile of the inter-

transaction time distribution and subtracting the sum of the y;, +0, In(1+7.) coefficients

evaluated at the 90™ percentile. This quantity is a measure of the relative information content of

fast trades. Graphically, y, 1is the distance between the solid line and the line with boxes in
Figure 5 during month m. The quantity y, is positive whenever faster trades are estimated to be

more informative, and therefore move prices more than more slowly arriving trades. We

analogously define the average price impact of a trade during month m as

z=average

L, i b, +6;, 1+, . )
i=0

Defining 7, as the average time between trades during month m and A as the first difference

operator, we then estimate equation (5) using least squares.”’
4 4 N 4 N
ymZzaiym—i+zbiATm+ZciALm+em (5)
i=1 i=0 i=0

Coefficient estimates from equation (5) for the Disney Company are given in Table III.

7 The specification chosen was based on the finding that average inter-transaction time and average liquidity have a
notable downward trend, but the information content of inter-transaction time does not. In fact, no statistically
significant trend was found in the information content of inter-transaction time for any of the 100 firms in the
sample.

13



The coefficient on the contemporaneous change in the average time between trades is
positive and significant. Thus, for the Disney Company, a decrease in the level of trading on
average (e.g. an increase in the average time between trades) is associated with a higher
differential price impact of fast arriving and slow arriving trades. In other words, when trading
becomes slower on average, faster arriving trades are thought to convey relatively more
information, and therefore move prices more. In addition to being statistically significant, Table
III indicates that this simple empirical specification explains a significant part, 39%, of the time
series variation in the information content of inter-transaction time. The high degree of
explanatory power is not solely due to the presence of lagged dependent variables in the
estimation. As the second column of Table III indicates, such variables account for 23% of the

total variation.

IV.  Results for the full sample

The analysis for the Disney Company in Section III suggests two things about the
information content of the time between trades. First, the information content of inter-transaction
time is itself, time varying. Second, the information content of time appears to be related to
changes in the average arrival rate of trades. In this section, we replicate the empirical exercises
of Section III on the full sample of 100 NYSE stocks. This entails estimating equation 2 for each
of 100 stocks for each of 108 months during the sample. Tables IV and V attempt to summarize
the basic findings from these 10,800 regressions.

The columns of Tables IV and V refer to stocks in different deciles, arranged from the
most actively traded issues in column 1 to the least actively traded issues in column 10. The rows

correspond to averages taken across the 12 months in the given year. Each cell in Table IV and V
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contain three items. In Table IV, the first entry in each cell is the average value of the sum of the
y; coefficients averaged across the 10 stocks in the decile and across the 12 months of the given
year (120 values). These coefficients measure the price impact of the given trade at lag i that is
unrelated to the time since the previous trade. The second entry in each cell in Table IV is the
percentage of the 120 individual observations of the sum of the y/ coefficients that were
estimated to be positive and statistically significant. The final entry in each cell is the percentage

of individual observations of the first item that were estimated to be negative and statistically
significant. For example, the cell in the upper left-hand corner of Table IV indicates that the
average sum of the y/ coefficients for the ten stocks in the most actively traded decile during
1993 is 0.018. Of the 120 estimated values of this quantity, 99.2% (e.g. 119) were estimated to
be both positive and statistically significant, whereas none were estimated to be negative and
statistically significant. Each cell in Table V is analogous to its counterpart in Table IV, except
that the first entry in each cell refers to the sum of the o, coefficients, which measures the price
impact of a given trade that is related to the time since the last trade. For example, reading from
the upper left-hand cell in Table V indicates that the average sum of the &, coefficients for the
most actively traded stocks during 1993 was -0.119. Recall a negative number indicates that
faster arriving trades carry more information and thus, move prices more. The remaining entries
in the cell indicate that 1.7% of the observations (2 out of 120) were positive and statistically
significant and 24.2% (29 out of 120) were statistically significantly negative.

The results presented in Table IV document that the relationship between trades and
returns is robust across time and across stocks of different levels of trading. For stocks in the

more actively traded deciles, regression estimates are virtually all positive and statistically
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significant. For most years, average estimates of the y; coefficients are increasing with trading

inactivity, suggesting that less frequently traded stocks are less liquid (because a given trade
moves prices more). The degree to which the results are found to be statistically significant tends
to increase through time for each decile, likely reflecting, in part, the increase in the number of
observations (e.g. trades) over time.

The results in Table V suggest that the negative relationship between inter-transaction
time and price impact found for the Disney Company in March 1993 is not robust across stocks,
either within trading activity deciles or across time. For the most actively traded decile of stocks,
the fraction of observations where we estimate a statistically significant negative relationship
between the time between trades and the information content of a trade is 86.7% in 1996, but

only 24.2% in 1993 and 50.0% in 2001. Looking throughout Table V, the average value of the
sum of the 8/ coefficients is always negative, but for many deciles, especially during the early

part of the sample, most of the estimated coefficients are not statistically different from zero.

Only since 1999 have more than half of the trading activity deciles found more than half of the
o, coefficients to be negative and statistically significant.

To give some further meaning to the numbers in Tables IV and V, we plot in Figure 6 the
estimated price impact of a trade arriving at the 90" and at the 10™ percentile of the inter-
transaction time distribution, averaged over the stocks in the first decile. Given the relationship
between the importance of the time between trades and the average time between trades for the
Disney Company, Figure 6 also plots the average time between trades for stocks in the first
decile. As was the case for DIS, Figure 6 indicates that the price impact of a trade varies over
time. Furthermore, the information content of a fast arriving trade relative to a slow moving trade

varies as well, and does appear to be related to changes in the average time between trades.
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To test this relationship more formally across the entire sample, equation (5) was
estimated again, with observations pooled across stocks within a given trading activity decile.
The results are shown in Table VI. As was the case for the Disney Company, the information
content of inter-transaction time is positively correlated with changes in the average time
between trades for stocks in the 3 most actively traded and 5 out of the 6 most actively traded
deciles of stocks. Table VI also indicates that for stocks in every decile except the most actively
traded, there is a negative correlation between the information content of inter-transaction time
and the average price impact of a trade. That is, all else equal, when average liquidity in a stock
improves (e.g. price impact at average inter-transaction time falls), the information content of
inter-transaction time increases (e.g. fast trades move prices relatively more). Thus, changes to
the average time between trades and changes to the average price impact are correlated with the
information content of inter-transaction time in opposite ways.

These results may seem somewhat perplexing since a decline in the average time between
trades and a decline in the average price impact are both often considered to be associated with
increases in market liquidity. However, the results here suggest that, holding one measure
constant, these two empirical measures have a differently signed correlation with the information
content of inter-transaction time. Intuitively, this finding may be explained as follows.

Consider first the negative coefficient on average price impact. The interpretation of this
coefficient is that holding the average inter-transaction time constant, an increase in average
price impact leads to a decline in the information content of inter-transaction time. Holding
average inter-transaction time constant, however, is equivalent to holding the number of trades
constant. Thus, an increase in the average price impact of a trade accompanied by no change in

the number of trades implies that the quantity of private information in the market has increased.
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The negative coefficient on average price impact therefore implies that an increase in the amount
of private information in the market is associated with a fall in the information content of inter-
transaction time. This may be because market makers rely less on inter-transaction time to
discern which traders have information when information is plentiful, i.e. informed traders are
relatively common.

Consider now the positive coefficient on average inter-transaction time. The
interpretation of this coefficient is that holding average price impact constant, an increase in
average inter-transaction time increases the information content of inter-transaction time.
Holding average price impact constant, however, is equivalent to assuming that each trade
contains the same amount of private information. Thus, an increase in inter-transaction time in
this environment implies that the quantity of private information in the market has declined
because there are fewer trades. To be consistent with the coefficient on average price impact,
lower levels of private information must correlate with a higher information content of inter-
transaction time. This is what the positive coefficient on average inter-transaction time is
revealing.

Thus, the coefficients on these two empirical measures logically enter with opposite
signs. Economically, the results suggest that when information becomes relatively scarce, inter-

transaction time becomes more informative.

V. Robustness of results
To this point, the analysis has assumed that all trades have an equal impact on returns.
Hasbrouck (1991), however, originally proposed that the price impact of a trade may be a

function not only of the direction of the trade but also the size of the trade. That is, a large
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purchase of stock might be considered more informative than a small one and thus might affect

prices more. To consider this, the analysis of Section IV was repeated, replacing the simple trade
indicator x; with a variable x,, defined as the log of the fraction of a company’s market value
that was being transacted. For example, a buy-order of 10,000 shares in a company with
10,000,000 shares outstanding would produce x,0 =1, but x, =-3. With this new specification,

the results of the previous section hold qualitatively. Figure 7 replicates Figure 6, although now,
estimated values of the price impact of trades with different inter-transaction times are now also
assumed to be of average size, where size is measured here as the log of the share of the given
company’s market value. Figures 6 and 7 are nearly identical.

Another possible extension of the Dufour and Engle (2000) estimation approach
incorporates the suggestion of Peng (2001), who argues that the information content of a trade
depends on whether or not the trade is of the same type as the preceding trade. Define a buy
order following a buy order or a sell order following a sell order as a same-direction trade.
Analogously, define reversing trades as a buy order following a sell order or a sell order
following a buy order. Peng’s (2001) intuition is that a market maker who sees a same-direction
trade does not know whether the trade contains more information than the first or whether it is
simply a response to the same information as the first. This holds true especially if the same-
direction trade comes quickly after the preceding trade. In contrast, a reversing trade cannot, by
definition, simply be a second response to the same information that led to the preceding trade.
Thus, on average, reversing trades must be more informative than same-direction trades,
regardless of the time elapsed since the preceding trade. To explore the possible interaction
between inter-transaction time and trade type (e.g. same-direction or reversing), we estimate

equation 6 below, which is an enriched version of equation 2,
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r = a2 D+ Y[ 5 A T R+ S [ 487 T )k A, 4, (6)
i=1 i=0

i=0
where the dummy variable S, equals 1 when the trade at time ¢ is same-direction and 0
otherwise. Thus, the specification in equation 6 allows the price impact and the time impact
coefficients to vary depending on whether the trade is same-direction or reversing.

Tables VII through X present the results from this estimation procedure that are
analogous to those presented in Tables IV and V. Tables VII and VIII refer to the trade impact
and time impact coefficients reported for reversing trades. Tables IX and X relate to trades in the
same direction as the previous trade. Like the results of Table IV, Table VII and IX indicate that
the price impact coefficients are typically positive for both types of trades. Further, there do not
appear to be any major differences between the size of the estimates. However, a comparison of
the results in Tables VIII and X with those from Table V highlight that the information content
of inter-transaction time varies notably across trade type (e.g. same-direction or reversing). Table
X, for example, indicates that for trades in the same direction as the previous trade, faster arrival
is associated with more information and therefore greater price impact. This finding is
qualitatively similar to that found in Table V. Quantitatively, however, the magnitude of the
information content of inter-transaction time is generally stronger, as indicated by numbers of
greater absolute value in Table X relative to Table V and are more often statistically significant,
especially in more recent years and for more actively traded stocks.

A symmetry argument would therefore lead one to believe that if the information content
of inter-transaction time is larger for same-direction trades than for an “average” trade, then it
must follow that the information content of inter-transaction time for reversing trades is lower
than that found for trades in general. Table VIII indicates, however, that the information content

of inter-transaction time is positive for reversing trades. That is, faster arriving reversing trades
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are thought to contain less information and therefore move prices by less than reversing trades
that arrive after a longer wait.

To help visualize these empirical results, Figure 8 plots the estimated price impact at
various inter-transaction times for both same-direction and reversing trades for stocks in the most
actively traded decile. One immediate finding is that reversing trades are considered more
informative in that they have a higher price impact. This is consistent with Peng’s (2001)
argument that same-direction trades may be a response to stale information. Depending on the
sample month and the inter-transaction time, a reversing trade is estimated to move the price of
an actively traded stock by between 2 and 5 basis. A same-direction trade, however, moves
prices between 0.5 and 3 basis points. Figure 8 also illustrates that inter-transaction time affects
the price impact of trading in different directions for the two types of trades. That is, a same-
direction trade with a low inter-transaction time moves prices by approximately 1 basis point
more than a same-direction trade arriving more slowly. Fast-arriving reversing trades move
prices by approximately 0.5 basis points /ess than a reversing trade arriving more slowly.

Intuitively, these results can be explained as follows. First, the finding that fast-arriving
same-direction trades move prices more than slow-arriving same-direction trades is consistent
with the belief that when same-direction trades arrive faster, a market maker increases the
probability of an information event having happened. Second, the finding that fast-arriving
reversing trades move prices less than slow-arriving reversing trades is consistent with fast-
arriving reversing trades signaling an increased presence of “uninformed” traders, who by
definition would be equally likely to buy or sell. Thus, market makers interpret rapid arrival of

reversing trades to be less informative than those arriving more slowly.

21



Tables XI and XII complete the robustness exercise by re-estimating equation (5)
separately for same-direction and reversing trades. Table XI reports the coefficient estimates
when the dependent variable is the same proxy for the information content of inter-transaction
time as was used to estimate (5), except that price impacts are constructed only for reversing
trades. That is, the dependent variable measures the difference between the top two lines of
Figure 8. Recall, however, that since fast-arriving reversing trades are considered less
informative than slow-arriving reversing trades, the dependent variable is always negative. Table
XII reports the analogous results for same-direction trades. In this case, the dependent variable is
positive, just as it was when equation (5) was estimated without consideration of whether a trade
was same-direction or reversing. The independent variables (e.g. average inter-transaction time
and average price impact) are calculated only for reversing trades or same-direction trades,
respectively. As Tables XI and XII indicate, the information content of inter-transaction time
remains positively correlated with changes in the average time between trades and negatively
correlated with average price impact. For same-direction trades, the interpretation remains the
same, namely that higher average inter-transaction time or lower average price impact correlate
with less private information. Less private information correlates with an increased information
content of inter-transaction time. To be more precise, fast trades are more informative when
private information is lower. For reversing trades, however, because the dependent variable is
negative, the interpretation of the coefficients reported in Table XI is somewhat different. The
interpretation is that a decrease in the quantity of private information is correlated with an
increase in a negative number, implying that the difference between the price impact of fast and

slow reversing trades becomes /ess.
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VL. Conclusion

In this paper, we apply the method of Dufour and Engle (2000) to a larger cross section
of stocks and a notably longer time series. Doing so allows us to document many features of the
role that inter-transaction time plays in the price discovery process. First, the information content
of inter-transaction time varies across stocks and across time. At any point in time and for
relatively actively traded stocks, trades that arrive faster generally move prices more than trades
that arrive more slowly. However, secular declines in inter-transaction time have not eliminated
the information content of inter-transaction time. Second, we find empirical measures that help
to explain the time-series behavior of the information content of inter-transaction time. Our
results suggest that when the level of private information in a market falls, inter-transaction time
becomes more informative in a particular way. Specifically, faster trading tends to move prices
more relative to slow trading. Finally, we document that the direction of a trade relative to the
previous trade is an important factor in determining a trade’s price impact. Same-direction trades
are generally less informative. Further, the correlation between inter-transaction time and price
impact is different for the two types of trades. Fast arriving same-direction trades move prices
more than slow-arriving same-direction trades, but fast-arriving reversing trades move prices less

than slow-arriving reversing trades.
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Table II

Estimated Coefficients for the Return Equation for the Disney Company (DIS)

Coefficient estimates and robust standard errors (in parenthesis) for the equation

r

i airt—i + l;penDtxto + i [}/ir + 5;’ ln(l + T;—i)]xto—i + Vt
i=1

i=0
r,, is the change in the natural logarithm of the midquote of a given stock that follows the trade at time ¢,
x’ is the trade indicator (1 for a buy, -1 for a sale, 0 if at midquote), 7, is the time (in seconds) between the

transaction at ¢ and the transaction at -/, D, is an indicator that equals 1 if the trade is in the first 30

minutes of trading. The coefficients in columns 2-4 reflect all trades in DIS during March 1993. The
coefficients in columns 5-7 reflect all trades in DIS during April 1998.

March 1993 April 1998
Lag number Quote Trade Trade * Quote Trade Trade *
Revision Duration Revision Duration
(a,) (7:) (6)) (a;) 7)) (5))
0 0.0093 -0.0010 0.0017 0.0013
(0.0009)** (0.0003)** (0.0002)** (0.0001)**
1 -0.0212 0.0075 -0.0010 0.0040 0.0005 0.0007
(0.0082)** (0.0009)** (0.0003)** (0.0056) (0.0002)** (0.0001)**
2 -0.0129 0.0026 -0.0002 0.0254 -0.0002 0.0005
(0.0089) (0.0009)** (0.0003) (0.0058)** (0.0002) (0.0001)**
3 0.0046 0.0012 0.0002 0.0266 -0.0004 0.0004
(0.0086) (0.0009) (0.0003) (0.0064)** (0.0002) (0.0001)**
4 0.0042 0.0016 -0.0001 0.0286 -0.0009 0.0002
(0.0093) (0.0009) (0.0003) (0.0058)** (0.0002)** (0.0001)*
5 0.0179 0.0011 -0.0002 0.0259 -0.0011 0.0003
(0.0085)* (0.0009) (0.0003) (0.0059)** (0.0002)** (0.0001)**
17587 observations 41047 observations
Adj. R2: 0.05 Adj. R2: 0.07

Robust standard errors in parentheses
* significant at 5%; ** significant at 1%
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Table I11

Estimated Coefficients for the Information Content of Inter-Transaction Time Equation for
the Disney Company (DIS)

Coefficient estimates and robust standard errors (in parenthesis) for the equation
4 4 _ 4 _
Yo =209, + LbAT, + 3 AL, +e,
i=1 i=0 i=0

are reported in column 1.y, is the proxy for the information content of inter-transaction time in month m defined as

m
z=10th %tile

5
V., EZ[}/{W +0, In(1+7, )] .y, and o, are estimated from equation 2. T, is the z-percentile of the inter-
i=0

z=90th %tile
transaction time distribution for month m. The values of y, are represented visually as the difference between the two

solid lines graphed in Figure 5. 7 is the average inter-transaction time during month m. L is the average price

z=average

—_ S
impact of a trade, defined as L, = 2[71;1 +6, In(1+7, )] , and A represents first differences. Related empirical
=0

specifications reported in columns (2)-(4).

Specification
Independent variable (1) 2) 3) (€))
Lags of 'y
a; 0.2926 0.3272 0.3386
(0.1250)* (0.1142)** (0.1245)**
a, 0.2587 0.1720 0.1496
(0.1003)* (0.1043) (0.1122)
a3 0.2057 0.1587 0.1518
(0.0978)* (0.0959) (0.1008)
a, -0.0978 -0.0931 -0.0871
(0.1121) (0.0944) (0.0964)
Lags of AT
by 0.0167 0.0140
(0.0041)** (0.0039)**
b; 0.0031
(0.0061)
b, -0.0040
(0.0061)
bs -0.0061
(0.0048)
b, -0.0036
(0.0042)
Lags of AL
Co -0.1379 0.0083 -0.1257
(0.0758) (0.0818) (0.0655)
cy 0.0260 0.0701
(0.0971) (0.1000)
C, 0.0168 0.0945
(0.1009) (0.0953)
C3 -0.0021 -0.0211
(0.1128) (0.0886)
Cy 0.0479 -0.0363
(0.1002) (0.0841)
Constant 0.0004 0.0005 0.0005 0.0011
(0.0003) (0.0003) (0.0003) (0.0002)**
Observations 103 104 103 107
R-squared 0.39 0.23 0.25 0.12

Robust standard errors in parentheses
* significant at 5%; ** significant at 1%
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Figure 1. Trading activity on the NYSE. The dotted line graphs the aggregate number of trades for all
stocks listed on the NYSE each month from January 1993 to December 2001. The solid line graphs the
dollar value of these same trades. Source: NYSE.
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Figure 2. The evolution of trading activity across stocks. Plots the average time between trades for
stocks with different levels of average trading activity during each month between January 1993 and
December 2001. Firms in each category were based on the 100 firms listed in Table I and were grouped
into 10 deciles according to their total number of trades over the 9 year sample period. Stocks in category
one were the most actively traded and stocks in category ten were the least actively traded. Source: TAQ.
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Figure 3. The changing distribution of inter-transaction time for actively traded stocks. Plots the 10",
25™ and 50™ percentile of the distribution of inter-transaction time for stocks in the most actively traded
decile of firms listed in Table I each month from January 1993 to December 2001. Source: TAQ.
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Figure 4. Trade activity and the information content of inter-transaction time for the Disney
Company. The solid line plots the average time, in seconds, between trades in stock of the Disney

Company, ticker symbol DIS. The dotted line plots the sum of the §; coefficients from the equation

open”t7Vt

r= i ar_+2 Dx’+ i [7/,.' +0; In(1+ L)]xif +V,
=] =0

estimated each month from January 1993 to December 2001 using TAQ data for DIS.
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Figure 5. Estimated price impact of trading of stock in the Disney Company at different inter-
transaction times. The dotted line plots the sum of the y; + &, In(1+ 7, ,) coefficients estimated each
month from the equation

open™—t

r= i ar ,+A Dx’+ i [7/‘." +6 In(1+ T/_[)]x/"_[ +v,
i=1 i=0

evaluated at the mean inter-transaction time for that month. The two solid lines plot the same quantity, only
evaluated at the 10™ and 90" percentile of each month’s inter-transaction time distribution.
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Figure 6. Estimated price impact of trading at different inter-transaction times and average inter-
transaction time for actively traded stocks. The dotted line plots the sum of the y; + 5, In(1+ 7T ,)
coefficients estimated each month from the equation
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evaluated at the 90" percentile of the inter-transaction distribution and then averaged across all stocks in
the most heavily traded decile. The solid line is the analogous calculation for the 10™ percentile. The boxed
line is the average inter-transaction time across all stocks in the most heavily traded decile.
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Figure 7. Estimated price impact of trading at different inter-transaction times and average inter-
transaction time for actively traded stocks when the trade indicator measures the (log of the) share of
market value transacted. The dotted line plots the sum of the y; + 6 In(1+ 7, ,) coefficients estimated
each month from the equation

r= Z ar,, +4,,Dx + Z [7!' +6; In(1+ T)]X +v,
i=1 i=0

open

evaluated at the 90™ percentile of the inter-transaction distribution and then averaged across all stocks in
the most heavily traded decile. The solid line is the analogous calculation for the 10™ percentile. The boxed
line is the average inter-transaction time across all stocks in the most heavily traded decile.
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Figure 8. Estimated price impact of trading at different inter-transaction times for actively traded
stocks when the specification controls for whether each trade is same-direction or reversing. The

dotted line plots the sum of the y; + 6 In(1+7, ;) coefficients estimated each month from the equation

‘open =i t—i

5 5 5
n=Yar, + 2, Dx +3 [+ mA+T )R, + X [r + 67 m+ T ) 2, +v,
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evaluated at the 10" percentile of the inter-transaction distribution and then averaged across all stocks in
the most heavily traded decile. The solid line is the analogous calculation for the 90" percentile. The lines
with triangles and squares report the analogous values for reversing trades, namely

y +8 In(l+T )+y" +8" In(1+T_) evaluated at the 10™ and 90™ percentile of inter-transaction time
for same-direction trades.
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Figure 9. Estimated price impact of trading at different inter-transaction times for stocks in the fifth
decile of trading activity when the specification controls for whether each trade is same-direction or

reversing. The dotted line plots the sum of the y; +J) In(1+ 7, ,) coefficients estimated each month from
the equation

r= i ar_ +A Dx'+ i [7[’ +6! In(1+ T,_‘.)]xf’_[ + 25: [;/ +6" In(1+ T,)]S' XV,
i=1 i=0 i=0

open =i =i

evaluated at the 10™ percentile of the inter-transaction distribution and then averaged across all stocks in
the fifth decile of trading activity. The solid line is the analogous calculation for the 90" percentile. The
lines with triangles and squares report the analogous values for reversing trades, namely

v/ +0 In(l+T )+y” +6"In(1+7 ,) evaluated at the 10™ and 90™ percentile of inter-transaction time
for same-direction trades.
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