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Do Bid-Ask Spreads Or Bid and Ask Depths Convey New Information First?

Abstract

This paper investigates the order in which new information is first reflected in the market — through
changes in spreads or through updated depths. We develop an error correction model of spreads and depths
and estimate Gonzalo-Granger common factor components using two years of tick-by-tick quote data on all
stocks in the Dow Jones Industrial Average. We show that indeed depths rather than spreads are first to
impound new information that leads to new quote trends. Specifically, (bid and ask) depths convey
information first in virtually every stock in both years, while spreads almost never convey information in
1998, and do so in only 8 out of 30 cases in 1995. Even in those 8 cases, the percentage of new
information revealed by spreads ranges from 50 — 59% with the depths accounting for the rest. Our results
have important implications for academic research on asymmetric information trading, for security market
design, and for public policy.

JEL Classification: G12



1. Introduction

An important role of financial exchanges is to facilitate price discovery. In several related
studies, Hasbrouck (1991, 1993, 1995), Harris et al. (1995, 2000), Liberman et al. (1999) and Frino et al.
(2001) use time series techniques to answer questions about which market first discovers the innovations
in security prices that prove to be new permanent trends.” While knowing which exchange or execution
channel first captures price discovery is critical for effective execution of trading strategy and for security
market public policy, none of these studies address the more fundamental question as to whether these
information events are first reflected in price quotes or in the depths quoted at the bid and the ask.

Beginning with the seminal work of Demsetz (1968), the role of bid-ask spreads as a cost of
immediacy and, by extension, market liquidity, has been studied extensively.” More recently, however, it
has been recognized that a complete characterization of market liquidity should include both the bid-ask
spread and the associated bid and ask size quotes (see, for example, Harris (1990)). * Intuitively, any
information event like an earnings announcement or corporate restructuring that leads to an unambiguous
decline in market liquidity would be reflected in a widening of the bid-ask spread and a declining size or
depth (see, for example, Lee, Mucklow and Ready (1993)). Although a sizeable and growing literature
examines the role of spreads and depths as a way to characterize the changing market liquidity around
such events (see, for example, Lee et al. (1993), Chakravarty and McConnell (1997), Chung and Zhao
(1999), and Chakravarty et al. (2001)), the extant theory is incapable of telling us the order in which new
information should be reflected in the market — through changes in spreads first or through updated

depths first. This determination of the relative importance of depths versus spreads in revealing new

2 Frino, Harris, McInish and Tomas (2001) apply a VECM to the electronic and floor execution channels in the
Sydney Futures Exchange and the CBOT. Liberman, Ben-Zion, and Hauser (1999) and Ding, Harris, Lau and
Mclnish (1999) showed multi-lateral error correction of dual-listed international stocks.

3 The theoretical research is represented by Garman (1976), Stoll (1978), Ho and Stoll (1981), Copeland and Galai
(1983), Glosten and Milgrom (1985), Easley and O’Hara (1987), among others.

“Bid and ask size quotes represent the number of shares for which the corresponding bid or ask price quotes are
guaranteed.



information that leads to permanent price changes is ultimately an empirical issue and is the focus of the
current paper.

To investigate this question, we develop a vector error correction model (VECM) that
incorporates both spreads and depths. We estimate the model with a long time series of high frequency
quote data on each of the thirty stocks in the DJIA over the calendar years 1995 and 1998. This time
period was chosen to additionally investigate the changing role (if any) of spreads and depths in the wake
of significant market reforms, like the decrease in the minimum quoted spreads from eighths to
sixteenths.

VECMs allow us to study both the long-term equilibrium properties and short-term adjustment
dynamics of time-series variables that are cointegrated with disequilibrium interpreted as a process of
adjustment to the long-run equilibrium model. Failure to detect and analyze the cointegration between
microstructure-theoretic variables like price quotes, spreads and depths has often led to the serious
misinterpretation of spurious regressions as long-run economic relationships rather than evidence of the
common trends contained in most non-stationary time series. In this paper, we conduct a unit root,
system lag length, and cointegration analysis that establish the appropriate specification of the prices,
spreads and depths empirical model. We then estimate the contribution of the spread and each depth to
the common trend(s) underlying these three cointegrated variables.

We show that indeed depths rather than spreads are first to impound new information that leads to
new quote trends. Specifically, (bid and ask) depths convey new information in virtually every stock in
both years, while spreads almost never convey new information in 1998, and do so in only 8 out of 30
cases in 1995. Even in those 8 cases, the percentage of new information reflected in spreads ranges from
51% to 59% with the depths accounting for the rest. Our VECM parameter estimates over the two years
1995 and 1998 also suggest that while a tightening of the spreads in 1998, due to increased competition
and a decrease in the minimum tick size to sixteenths from eighths, leads to an increased role of spreads
in the error correction process, our basic conclusion of depths first revealing changes in the common

stochastic trend remains intact.



Our results highlight the active role played by the limit order book in the price discovery process.
This finding has important implications for academic research as well as for exchange regulators
concerned with market liquidity -- especially due to the fact that that most of the depth changes in the
limit order book represent the inflow of limit orders to the specialist rather than the specialist’s pérsonal
interest. Specifically, theoretical modeling and empirical measures of adverse selection will need to
provide at least as much weight to depths as to spreads. The limit order book, with its order sizes at the
various pricing grids (the depths), needs to be monitored for continuity at least as closely as spreads are
monitored. There is indication that such scrutiny has already begun. In March 2001, the NYSE started
disseminating “depth indications” on eight of its stocks. Its purpose is to show investors the existence of
a meaningful number of shares of a given stock available beyond the best price being bid and offered for
the stock (WSJ, March 15, 2001, C1).

The rest of the paper is structured as follows. Section 2 provides background and motivates the
current research. Section 3 develops an error correction model of spreads and depths. Section 4 provides
an overview of the data used for the analyses. Section 5 addresses the appropriate specification of an
error correction model involving various pairs of price and depth quotes. Section 6 reports tests of
cointegration involving the spread and two depths 3 and estimates the proportion of new information

reflected in depths versus spreads. Section 7 provides a conclusion and directions for further research.

2. Related Literature

The classical models of specialist pricing under asymmetric information effectively ignore depth
by assuming unit size for all trades (Copeland and Galai (1983), Glosten and Milgrom (1985) and Easley"
and O'Hara (1992)). Other models capture depth implicitly by having the specialist quote complete

pricing functions rather than individual bid and ask prices (Kyle (1985) and Rock (1999)). Even in these

5 Appendix A provides results of cointegration tests involving four variables--the two price quotes and two depth
quotes--for the representative stocks in the DJIA.



latter models, there is no discussion of how the spread and depths interact, especially in response to a
changing information signal.

But a complete characterization of market liquidity should encompass both the bid-ask spreads
and the market depth, i.e., the number of shares available at each bid and ask price (Harris (1990)). When
liquidity is defined in these two dimensions, it is conceivable that a reduction in liquidity could occur
through a reduction in bid or ask depth even though the quoted or effective spread is unchanged.
Consistent with this intuition, Lee, Mucklow and Ready (1993) report the empirical result that spreads
widen and depths fall in response to an increase in the amount of adverse selection present before
earnings announcements. Harris, McInish, and Chakravarty (1995) show that a comparison of volume
within a price regime to announced depth is a statistically significant determinant of subsequent quote
revision for NYSE stocks. Chung and Zhao (1999) provide empirical evidence that Nasdaq dealers use
both spreads and depths to manage market liquidity. Recently, Chakravarty, Harris and Wood (2001) find
that while NYSE spreads have reduced considerably following decimalization, the corresponding bid and
ask depths have also fallen. Thus, the empirical evidence appears to provide powerful evidence to
support the notion that spreads and depths are actively managed by specialists and limit order traders.

The relationship between the limit order book and the order strategies of the traders has been
theoretically examined by Cohen, Maier, Schwartz and Whitcomb (1981), O’Hara and Oldfield (1986),
Rock (1999), Easley and O’Hara (1991), and Glosten (1994). Unfortunately, these early models either
did not consider adverse selection issues or did not allow informed traders to submit limit orders. The
limit order book, therefore, plays an insignificant role in these price discovery process.

Chakravarty and Holden (1995) were among the first to theoretically investigate the interaction
between spreads and depths by explicitly allowing an informed trader to choose both market and limit
orders to maximize his expected profit. Under fairly general conditions, the authors obtain a closed-form
equilibrium where the informed trader chooses both market and limit orders, and, more importantly, uses
the limit orders as a "safety net" for his market orders. Since both uninformed and the informed traders

use limit orders in this framework, we can think of the resultant supply and demand schedule, the limit



order book, to be (partially) informative. The Chakravarty and Holden model is, however, a single period
model that precludes examining the spread-depth relationship in an intertemporal context.

Recently, Kavajecz (1998) formalizes the Lee, Mucklow and Ready (1993) empirical result by
modeling a specialist choosing prices and depths jointly to maximize profits. In a similar vein, Dupont
(2000) provides an asymmetric information model of spread and depth where the equilibrium depth is
proportionally more sensitive than the spread, to changes in the degree of information asymmetry.

In summary, the prevailing intuition in the microstructure theory literature is that both spreads
and depths matter. The available empirical evidence, related to specific corporate/market events, also
provides circumstantial evidence supporting this view. The extent and nature of the relationship between
spreads and depths, however, especially in the context of how new information is reflected in subsequent
updating of the spreads and depths, is an important empirical issue that has never been rigorously

examined.

3. An Error Correction Model of Spreads and Depths

Two institutional features of asset markets also attest to the fact that the depth is an important
empirical proxy for market liquidity. First, the NYSE specialist has an affirmative obligation to keep a
fair and orderly market, which includes quoting tight spreads with reasonably indicative depths. The
average spreads and depths are part of the monthly statistics reported on each specialist, and affect his
performance evaluation. Excessive spreads or inadequate depths are regarded as indicators of poor
performance, since they suggest relatively thin liquidity. Second, although there is some discreteness in
both prices and depths, stock prices were quoted in large discrete intervals of quarters, 1/8ths and 1/16ths
during 1995 and 1998 while depths were disaggregated into small 100 share lots. Accordingly, Lee,
Mucklow and Ready (1993) argue that changes in market liquidity will be more easily detected in depths

than in spreads.



To investigate the comparative importance of depths and spreads in revealing new information,
we employ an econometric dual of error correction--i.e., common trends estimation--first proposed by
Stock and Watson (1988), refined by Hall, Anderson and Granger (1992), fully developed and applied to
interest rate markets by Gonzalo and Granger (1995), and adapted to the Eurodollar futures market by
Tse, Lee and Booth (1996). Recently, several papers have employed common trends estimation as a way
to measure and test the comparative importance in stock price discovery of international exchanges
involved in dual listings (Ding, Harris, Lau, and Mclnish, 1999; Liberman, Ben-Zion and Hauser, 1999)),
of different execution channels within an exchange (Frino, Harris, Mclnish, and Tomas, 2001), and of the
NYSE versus the regional exchanges (Harris, Mclnish and Wood, 1995 and 2001).

3.1 The model
Suppose that a stock’s unobservable implicit efficient price is a continuous series that can be

represented as a random walk given by
iid

(1) P,=P.,+w wherew ~ N(0,02)
where w, is the random information arrival over the interval between (t-1) and t. Further, assume that the
observed ask and bid price quotes at time t span this true price in the following way.

2 Ask,:=P, + €,
and

(2’) Bid= P, + &y,
where €, and &, , are identically distributed zero mean covariance stationary random variables that may
be autocorrelated. Notice that the above formulation also allows to account for negative spreads
following a large enough realization of the idiosyncratic component on either side of the market, a
situation known as crossed markets. In addition, E (W € ..s) # 0 but w, cannot be forecasted from €,
in the sense that €; .., does not Granger cause w, . Since these observed (bid and ask) price quotes do not

mean revert, information arrivals lead to permanent shocks cumulating over the time between quote



adjustments into a stochastic trend. Thus, at any realization, such as at t= T, both price quote sequences

impound a common factor that is the stochastic trend in the unobserved implicit efficient price,

A3) Asky = Asky, + iw, + g,7 and Bidr=Bid, +i w, + &b,
and between any interval (t-1, t), ’:vle can write -
“4) Ask,=Ask,; + w, + Ag,, and Bid,= Bid., + w, + Agp
Since Ask, and Bid, in equation (4) are both I(1) by maintained hypothesis, a linear combination

representing the observed spread given by

(5  (Ask-Bid) = &, - €1,

is stationary and we can write by the Granger Representation Theorem, a vector error correction model

(VECM), as

S S
(6) AASkt = Olask + Zﬂ ask, ask, t-s AP ask, t-s + Zﬂ ask, bid, t-s AP bid, t-s
1=1

=1

+ 7 ask (Z t-l) + Uaek, ¢ -

Notice that the error correction term (z ..;) in (6) could be defined as anything, but a natural definition in
this security price discovery environment is the arbitrage-free condition that the equilibrium spread equal
a constant that reflects the execution and inventory costs of market-making plus an I(0) white noise error
term.® Then substituting from (5) into (6), we obtain

(7) AAsk = Qlask + ﬂ ask W t-s + ,B ask, ask, t-s Ae a, t-s + ﬂ ask, bid, t-s Ae b, t-s
+ yask (€a,e1- €b, 1) T Uask, t.
We can similarly write down the bid side VECM as
(7’) ABid = Olpia + Bbid W t.s T Bbid, ask, t-s A€ a, t-s T B bid, bid, t-s AE b, s
+ ¥ bid (€a, t-1- Eb, 1) T Upig, ¢.

® In this formulation of the model, the spread, as an error correction term, is assumed to be I(0). In later
formulations, however, we specify a spread that is an I(1) variable in the cointegrating relations themselves. Which
model is the appropriate specification depends on order of integration tests for the spread series, which we report
below.



Notice that in either (7) or (7°), W ¢.s is the common factor capturing the permanent effects of new
information on subsequent ask or bid price adjustments, Ae a, t-s and Ae b, t-s are idiosyncratic factors

capturing the temporary effects and (€, .1 = €, t-1) is the error correction term that captures equilibrium

adjustment to disparities in the level of the idiosyncratic disturbances.

Motivating our study is the idea that, rather than having the (updated) price quotes convey new
information about informed trades, the depths at the pre-existing ask and bid could convey the arrival of
information in the market. An analogous model can therefore be developed for the size quotes, and the

VECM for this information structure would then be written:

(8) AAsksz t= 0Ly, t ﬂ asz Wes T ,B asz, asz, t-s Ae asz, t-s + ﬂ asz, bidsz, t-s Ae bsz, t-s
+. Y asz (Sasz, t-1~- &€ bsz, t-l) + u asz, te

(8’) ABidsz t = QLps; + ﬁ bszWes T bsz, asz, t-s Ae asz, t-s + ﬂ bisz, bsz, t-s Ae bsz, t-s

t ¥ bsz (Sasz, t-1 = € bsz, t-l) +u bsz, te
This empirical framework highlights the role of strategic traders who time their trades to execute when

the depths on one or both sides of the market are large and/or the net depth is at a minimum, so as to
minimize the price impact of their trades. The error correction term (Easz, .1 - € bsz, t-1) is the non-
information-based source of different depths in the order flow at the ask and at the bid --i.e., simply that
portion of the order imbalance at the pre-existing price quotes that results from market frictions.
Comparing and assessing the origins of order flow on the opposite sides of the market is a function of the
specialist and the crowd in floor trading environments but is increasingly performed by limit order and
other traders in screen-based electronic trading environments.

Finally, it is also possible to formulate a composite information structure that combines the above
hypothesized roles of price quotes and size quotes. As we suggested earlier, the time-series properties of
the bid-ask spread may provide an error correction mechanism that conveys information to limit order

traders who thereby adjust the depth of their orders at the pre-existing price quotes. The specialist may



similarly adjust depth quotes in response to his observation of the spread on incoming limit orders. For

this information structure, the VECM looks as follows:

(9) AAsksz, = Olys; + ﬂ asz W t-s + ﬁ asz, asksz, t-s Ae asz, t-s + ﬂ asksz, bidsz, t-s Ae bsz, t-s
+ yasz (Spreade;) + u asz, te

(9’) ABidsz; = Olpg; T ﬂ bsz W t-s + ,B bsz, asz, t-s Ae asz, t-s + ﬁ bisz, bsz, t-s Ae bsz, t-s
+ ¥ bsz (Spread,) +u bsz, t*

Other more hybrid information structures are clearly possible. For example, net depth--i.e., the
estimated order imbalance (Asksize - Bidsize)--is another candidate for the error correction term which
could in principle include both net depths and spreads. In section 4, we test empirically whether price
quotes themselves, depth quotes themselves, or prices and depths are cointegrated and if so, whether
depths or spreads first convey the permanent innovations in an error correction/common factor
components model.

3.2 Gonzalo and Granger decomposition

Although w  in eqns. (7)~(9) is the first difference of the unobservable implicit efficient price,
we can derive the [ .k, Boia, B asz> and [, estimates from estimates of ¥ ask, ¥ bids ¥ asz» aNd } b,
using the Gonzalo-Granger (1995) (GG) procedures. The GG decomposition involves expressing p
cointegrated series as an additively separable function of k common factor(s), f; , and r stationary error
correction terms, z = o' P where o’ is an r x p matrix of the cointegrating vectors and z , is I(0),

10) P, = A f,+ Az,

(10" P, =Ay/P +AdP,,.
P, is a p x 1 vector of cointegrated prices or depths, A; and A;are loading matrices, and y,"isak xp
matrix of common factor weights on the contemporaneous prices or depths in the k common factor
vector(s) f,where k= (p - r). Gonzalo and Granger (1995) show that under the above restrictions, the p
x k matrix A; = o,(y,' @) " and the p x r matrix A, = y (a'y) ™', where, by definition, y,"y = 0. Since

the vector of common factor weights vy, is orthogonal to the coefficient vector y on the error correction



terms in a fully-specified VECM, the y estimates in eqns. (7) -(9°) provide a way to identify the
permanent components y.'P;.

For example, consider a hybrid information structure that incorporates three I(1) variables—i.e.,
the price quote midpoint, ¥z of the summed size quote, and the spread.” Then take the special case in
which the spread is totally (100%) responsible for revelation of the permanent innovations in the common

stochastic trend. Further, suppose that cointegration tests reveal two cointegrating vectors (r = 2) implying

one common factor (k = 3 - 2) corresponding to Y w, in the foregoing model structure. With k = J, the

rank of the 3 x k loading matrix A, in equation (10") would be 1 (i.e., each row of A, is identical), and the
elements of y, would therefore cumulate the response of each series to an innovation in the composite

common factor. The error correction terms of the VECM in equation (10°) would then be estimated as

amn Y (l' P = | Ymro ¥ mro Pypg . 11

P
Vse Vs SPoa-l
I:HISP T o IT s
t-1

I, I 2MPQ I,
Vssz Vssz Pgz . 11

where IT, ; and I, ; are the elements of the cointegrating vectors, SP denotes spreads, MPQ denotes the

price quote midpoint, and where SSZ denotes V5 the summed size quotes. By hypothesis, y sp = 0 so that

(12 14 =
) ¥ o« P,

PSP s 11
¥ ¥ ¥
PO (Mygp+Tlygp) M0 (T ppo+ Tapwg) 90 (Tygp+ Tyssy) | | Prare - i1

PSSZ, 1-1

u Vssz(Mygp+ Magp) 752 (Myppp+ Masg) 7 9% (Myssz+ Tosz)

7 Our order of integration tests show that the spread is generally not 1(0) but I(1) for most DJIA stocks during 1995
and 1998 when many institutional features of the security market design were changing rapidly.

10



Under this unilateral information discovery hypothesis, spreads do not error correct to changes in quote
midpoints or summed depths whereas both the quote midpoint and summed depth do error correct to
changes in spreads in order to maintain their equilibrium (cointegration) relationship to the permanent
stochastic trend. To identify the GG common factor vector y, for this case, one simply applies the
orthogonality condition y," y = 0 which here impliesy,’=[1 0 0]. That is, the factor weight v, sp
corresponding to the first series in equations (11) and (12) is 1.0; one could therefore conclude spreads
are 100% responsible for revealing the common stochastic trend.

3.3 Testing common factor weights

Gonzalo and Granger (1995) show how to take an equation of the form given by (7) - (9’) and
decompose it into permanent and temporary components and estimate y, in (10°) with reduced rank
regression and eigenvector computations similar to those used by Johansen (1991) for estimating the
cointegrating vectors a’ P> Most importantly, Gonzalo and Granger also develop a y? distributed test
statistic (Qgg) for the elements of the common factor vector y, ;. Because of the linear combination
restriction on the y, ;, these coefficients can be normalized and interpreted as a vector of factor weights on
the underlying time series that together are responsible for the multivariate cointegration.

These common factor weights provide a direct test of the revelation by price quotes or size quotes
or spreads of permanent innovations associated with the common stochastic trend. Under the null
hypothesis of multi-lateral information discovery, each of the common factor weights can be tested
seperately or in subgroups as significantly greater than zero --i.e., Ho : y. > 0 and H, : y, ;= 0.
Consequently, one can test whether spreads are in fact responsible for revealing 100% of the common
factor. As execution strategy becomes a focus of microstructure research, the kinds of comparisons

allowed by these Qgg statistical tests take on potentially pivotal meanings. In this paper, we use the

8 For detailed accounts of the estimation procedures to obtain common factor results, see Johansen (1995, chapter 8)
and Gonzalo and Granger (1995). Hamilton (1994, chapters 19, 20) and Enders (1995, chapter 6), Booth, So and
Tse (1999), and Huang (2000) provide useful treatments of cointegration econometrics.

11



common factor weights attributable to prices, spreads and depths to uncover the information structure of

quote adjustment in DJIA stocks.

4. Data Overview

To estimate the cointegration-error correction relationship between the spread and the bid and ask
depths, we use quote data for all 30 stocks comprising the DJIA in 1995 and then repeat the analysis for
1998. The tick-by-tick quote data are extracted from TAQ, available from the NYSE. Table 1 provides a
breakdown of the thirty stocks in our sample in terms of the number of new quotes and average interval of
time (in seconds) between new quotes. For a new quote to be recorded in our dataset, at least one of the
four parameters (bid, bid depth, ask or ask depth) has to be different. The average interval between new
quotes declines sharply over the four years under study from 91 seconds in 1995 to 26 seconds in 1998.

The growth of market activity from 1995 to 1998 is also clear from the explosion in the number
of quotes. For example, a typical increase ranges from 61,737 quotes at 95-second mean intervals for
Chevron in 1995 to 229,866 quotes at 32-second mean intervals in 1998. In the current study, we
consider only quotes originating from the NYSE. Having avoided the measurement bias issues
introduced by ECN and regional autoquotes, our data set still comprises an average of 74,058 quotes per
stock in 1995 and 260,927quotes per stock in 1998.

Table 1 also provides average spreads as well as the average bid depth and the average ask depth
for each stock in 1995 and 1998. Across all DJIA stocks, the quoted spread declined by 27% from 16.5
to 12.1 cents. Depth measured by % of the summed size quotes plummeted by 61% from 150 to 59 round
lots. Whether or not this massive decline in market liquidity that accompanied the tighter spreads over
1995-98 had an impact on the relative role of spreads and depths in revealing new information is one of

the questions we seek to address.
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5. Cointegration tests involving price quotes and depths

If multiple times-series contain common stochastic trends, they will error correct to temporary
idiosyncratic disparities and their difference (or some other linear combination) will be a stationary
stochastic process. In such an event, the underlying series are cointegrated. Thus, the notion of
cointegration mimics the existence of a stable long-run equilibrium in economic systems that are not
always in equilibrium. Kroner and Ng (1998) use this property to distinguish cointegration equilirium
from arbitrage equilibrium. In cointegrated financial variables and markets, noise as well as news is
generated continuously, and there is a lag with which the news can be incorporated. This gives rise to
temporary disparities (or disequilibrium) that weave in and out of any underlying long-run relationships
between the variables. A simple but effective way to capture both short and long-run effects of a system
of economic variables, hypothesized to have such a relationship, is provided by a cointegration-error
correction model.

In Table 2, we present Johansen’s (1991) cointegration tests and Gonzalo and Granger’s (1995)
common factor weights for various combinations of price quotes and size quotes using all the TAQ data
on IBM and AT&T in both 1995 and 1998. These Johansen tests were preceded by augmented Dickey-
Fuller tests on the order of integration of the series. All were I(1). The Akaike Information Criterion was
minimized for the set of VAR equations at six lags. We repeated all analyses with the other DJIA stocks
in our DJIA sample (not reported for brevity). In all cases, our statistical inferences were the same.

In Panel A, testing for no cointegrating vector (r = 0) versus the alternative of one cointegrating
vector (r = 1) in the bid and ask price series, the trace and Hmax (maximum eigenvalue) statistics indicate
that the null is rejected at the 0.01 level. The implication is that the two series represented by the bid and

ask prices are themselves cointegrated.’

9 The Y1 ask OF Y1 bia results, in the last two columns, are the common factor components which we discuss
below.

13



Similarly, panel B provides cointegration test results of the bid depth and ask depth series for the
same two stocks over 1995 and 1998. The conclusion, again, is that bid and the ask depths are
cointegrated C(1). We then examine the obvious next question as to whether all four price and depth
quotes are cointegrated. In the Appendix, we report results of Johansen’s (1991) test for all 30 Dow
stocks. In every case we are unable to reject the null hypothesis of zero as opposed to one or more
cointegrating vectors. No linear combination of all four series is a mean reverting stationary long-term
equilibrium process. The raw price quotes and depth quotes do not appear to error correct to
discrepancies in one another’s separate equilibrating relationships.'

Consistent with our earlier modeling discussion and with much of the direction of microstructure
theoretical research, in panel C, we test for cointegration between the bid-ask spread (ask price — bid
price) and the ask depth, while in panel D we test for cointegration between the spread series and the bid
depth series. Motivating our specification was a finding that spreads and depths were both 1(1) while an
error correction term that combines the spread and net depth was 1(0). Here, there is strong evidence
suggesting that both spread and bid depth or spread and ask depth are, in fact, cointegrated. Finally, in
Panel E, we relate spreads to % the summed size quotes from both sides of the market. Here, again, we
see that spreads and depths are cointegrated C(1) with 99% confidence.

In summary, our VECM specification analysis with the intra-day quote data for DJIA stocks over
calendar years 1995 and 1998 concludes that the bid and ask quotes appear to be cointegrated as do the
bid and ask sizes. Importantly, however, individual price quote and depth quote series are not
cointegrated while the quoted spread is significantly cointegrated with both the bid depth and the ask
depth. This result concerning the appropriate specification of the VECM is robust to several definitions

of depths as individual size quotes or %2 the summed size quotes.

10 We looked for possible cointegration among the ask price and ask depth series. Using again the trace and Hmax
test, we are unable to reject the null of no cointegration for all stocks in 1995 and 1998. The same is true for the bid
price and bid depth series and for the bid price and ask depth series. These results are available from the authors.

14



6. Information Discovery Role of Depths over Spreads
6.1 Cointegration tests involving spreads and synchronous, paired bid and ask depths

Having found that the spread and depths are cointegrated, we determine, in this section, the order
of integration, optimal lag length, and cointegrating vectors for the system of three equations formed by
the spread and the two depth series. Table 3 provides tests of the cointegrating vectors for the quoted
~ spread and the corresponding bid and ask depths. These cointegrating vectors define the equilibrium
errors that we subsequently employ in the systems estimation of the three-equation error correction
model.

For each of the 30 stocks in our sample, and in each of the years 1995 and 1998, we provide
results of the trace test to determine the rank of the cointegrating vector matrix using Johansen’s (1991)
analysis. Examining the null hypothesis of r cointegrating vectors against r+1, we run two tests of r =0
against r = 1 and of r = 1 against r =2. Table 3 indicates that in all 30 cases in 1995, the null of 0
cointegrating vectors is rejected in favor of the alternative of one cointegrating vector at the 99% level,
and the null of one cointegrating vector is rejected in favor of the alternative of two cointegrating vectors
at the 95% level in 10 of the 30 stocks. We also find that for 1998, we reject the null hypothesis of zero
cointegrating vectors (in favor of the alternative of r = 1) in 27 out of the thirty stocks at the 95% level.
Three of the sixty cases (GT98, MO98 and XON98) have no cointegrating vectors. The implication of
these results is that in 47 of 60 stocks (20 in 1995 and 27 in 1998) the three-equation system of spread and
depths is characterized by one cointegrating vector and two common stochastic trends.!! For the ten cases
in 1995 with two cointegrating vectors we infer one common trend.

6.2 Proportion of information discovery by spreads versus depths

The cointegration results of the previous section allow us to apply the Gonzalo-Granger common

11 In addition to the T w, information arrivals, an illustration of a second common trend affecting these stocks might
be the U.S. dollar exchange rate in 1995 and 1998.
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factor estimation and testing procedure to the three-variable model formed by the spread and the two
depths. Table 4a displays our estimates of the common factor weights that reflect the contribution
attributable to the spread and the bid and ask depths to the common trend. For the 10 cases with two
cointegrating vectors and one common trend (in boldface), the common factor weights are derived from
the third eigenvector of the common factor matrix orthogonal to the adjustment vector matrix (Gonzalo
and Granger (1995)). For the 47 cases with r =1, the weights for the second common trend derive from
the second eigenvector of this same matrix.’> We interpret the three elements of each of these
eigenvectors as a factor weight—i.e., all reported weights are normalized to sum to 1.

We test each of the separate elements of this vector of common factor weights for statistical
significance. In each case, the null hypothesis is that the individual factor weight of the indicated series is
zero. This Gonzalo-Granger Qgg test statistic is distributed chi-squared with one degree of freedom.

From Table 4A, we reject the null hypothesis for the two depth series in all fifty-seven cases at the one
percent level. In contrast, for the quoted spread series, we reject the null of zero common factor weight
(at the 1% level) in only one case out of 27 in 1998 and in only 8 cases out of 30 in 1995. The
implication is that the (bid and ask) depths convey new information in literally every stock in the DJIA in
1995 and 1998 while the quoted spreads almost never convey information in 1998, and do so in only 8 of
the 30 cases in 1995.

Interestingly, in those eight cases in 1995 and one in 1998 where the common factor weight on
spreads is significant, the percentage of information discovery reflected by the spread varies between 50
and 59% in the first common trend (reported in table 4A), with the depths revealing the remaining 41-
50% of the information. Since seven of these nine total cases indicate just one cointegrating vector
among the three series and therefore two common trends, we can examine the factor weight on spreads in
the second common trend as a further indication of the role of spreads versus depths in information

discovery. In each instance, the proportion of information discovery is decidedly smaller in spreads (the

12 Here, to save space, we report the third eigenvector only.
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first number listed) than in depths (the last two numbers listed): BA95 .255, .409**, .336**; EK95 .023,
A81%* 495%*%: GE95 .042, .463**, .495%*; [P95 .066, .484**, 450%*; MO95 .245, .408**, .346**;
XONO95 .005, .466%*, .529** . WMT98 .076, .446**, 478%* 13 At the mean, the second common factor
weight estimate on spreads is just 10.8% with depths accounting for 89.2%, and in no cases is y, s ever
significant.

To examine further the inference that depths rather than spreads predominantly convey new
information, we present in Table 4B the Gonzalo and Granger (1995) Qg statistic for the null hypothesis
that the common factor weight for the quoted spreads is 1 and that the common factor weights of the two
depths are both 0. The test statistic is distributed chi-squared with two degrees of freedom. The table
indicates that we reject the null hypothesis at 1% level of significance in 55 of the 57 cases and at 2% in
the other two cases."

The implication from Tables 4A and 4B is that, relative to the quoted bid-ask spreads, the depths
appear to convey significantly more information. The fact that our results are also consistent across the
years 1995 and 1998 entailing dynamic institutional change in the NYSE attests to the robustness of our
conclusions.

6.3 Error Correction Model for A DJIA Stock

In this section, we provide details of the VECM parameter estimates for IBM. The purpose is to
characterize the nature of the underlying equilibrium relationship between spreads and depths for a typical
stock in our DJIA sample. We detail exactly how information inherent in current depth changes gets
incorporated in future adjustments of the spread more so than the reverse case of current changes in the

spread getting incorporated in future adjustments of the depth(s).

13 As in Table 4A, double stars indicate statistical significance at 99%. The corresponding factor weights for XP95
.093, .439**, 467** and MRK95 .170, .436**, .395** are not included in the above discussion as their Johansen
tests indicate two cointegrating vectors and only one common trend.

14 Recall that in three stocks listed as n.a., Johansen’s test indicated no cointegrating vectors.

17



The Johansen procedure for IBM yields the following two equilibrium error relationships implied
by the cointegrating vectors (in parenteses) for IBM95,
(1) -71Z1.4= -7,(0.0180 SPREAD,, +0.000922 ASKSIZE,,+ 0.000876 BIDSIZE..,)
(12)  -y2Z2.1= -7,(0.000264 SPREAD,., - 0.00337 ASKSIZE,, + 0.00334 BIDSIZE.,),
and for IBM98 the corresponding error correction terms are
(13)  -y2Z1.= -v,(0.0115 SPREAD,; +0.00176 ASKSIZE,,+ 0.00191 BIDSIZE,.,)

(14)  -y2Z2.,= -7;(0.00076 SPREAD,.; - 0.00395 ASKSIZE,., + 0.00365BIDSIZE,.,).

In either year, an increase in BIDSIZE relative to ASKSIZE (an increased buy-side order
imbalance) with no change in spread will increase both Z1 and Z2. Remembering that error correction
terms are specified by convention as -y Z. in the VECM, an increased Z1 and Z2 result in lower
SPREAD, lower BIDSIZE and lower ASKSIZE if the estimated y > 0. With increased spreads (and no
change in the order balance/imbalance), again both Z1 and Z2 increase with the same results for
SPREAD, BIDSIZE and ASKSIZE. ASKSIZE, on the other hand, raises Z1 but lowers Z2. Therefore, we
should expect opposite signs on the y, and vy, parameters for the ASKSIZE equation in the VECM
estimates. For example, if increased 4SKSIZE leads to sell order imbalance, we should expect changes in
the SPREAD, ASKSIZE, and BIDSIZE error correction system that results in reduced size order
imbalance. With Z1 increased, y> 0 on Z1 leads to ASKSIZE reduction whereas with Z2 diminished, y <
0 on Z2 leads to ASKSIZE reduction. We now examine Table 5 to look for this pattern of expected

results.

Recall the vector error correction model is specified as,
(15) ASPREAD, =c1 + a;; ASPREAD,, + a;; ASPREAD,; + .... + a;, ASPREAD,,,
+ az; AASKSIZE‘.I + a;; AASKSIZEt.z + o + a2 AASKSIZEFP

+ as; ABIDSIZEH + as AB[DSIZE‘.Z + ... + asp ABIDSIZE(.p =Y Zl,.] = Y12 221.1 + Uy,
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(16) AASKSIZE, = c2 +b;; ASPREAD,.; + bj; ASPREAD,, + .... + bj, ASPREAD,,,
+ by AASKSIZE,.; + by AASKSIZE,.; + ......... + by, AASKSIZE,.,

+ b31 ABIDSIZEH + b32 ABIDSIZEt.z + o + b3p ABIDSIZE(.p = Y21 th-l = Y22 Z2t.1 + Uy

(17) ABIDSIZE, = ¢3 + ¢;; ASPREAD, + ¢ ASPREAD,,; + .... + ¢;, ASPREAD,,,
+ ¢y AASKSIZE,.; + ¢ AASKSIZE, + ......... + ¢y AASKSIZE,.,

+ ¢3; ABIDSIZE,.; + ¢35 ABIDSIZE,» + ......... + 3, ABIDSIZE, ., - ¥31 Z111 - Y32 Z2¢1 + Uy
where p is the lag length. Ify;; and v, are insignificantly different from zero, then spreads do not
respond to changes in depths, and spreads are considered the source of permanent stochastic trends.
Similarly, if 5, and y2; (ys; and ys,) are insignificantly different from zero, then ask depth (bid depth) do
not respond to changes in spreads, and the respective depth is considered the source of permanent
stochastic trend. The cointegrating vectors define the long-run equilibrium relationship while the error
correction dynamics characterize the information discovery process. The possibility that one or two
variables in a system of n cointegrated series might play this information discovery role motivates our use
of error correction models.

Table 5 Panel A provides the Seemingly Unrelated Regression (SUR) estimates for IBM95 of the
error correction equations (15), (16) and (17) where Z1 and Z2 are defined as in (11) thru (14) and p is set
at the optimal lag length (six) in the unrestricted system of VAR equations. All starred coefficient
estimates are significant at the 1% level. The coefficient magnitudes of lagged SPREAD, lagged
ASKSIZE, and lagged BIDSIZE all decline throughout the optimal lag structure, as expected. The sets of
variables are tested with an F test at the bottom of the table. All three sets of lagged variables are
statistically significant at the 1% level with the six lagged spreads most influential in the spreads
equation, and the six lagged depths most influential in each of the respective depth equations. Each of the

compound error correction terms Z1 and Z2 is statistically significant at1% in all three equations.
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Moreover, the Z terms have exactly the expected pattern of signs discussed above. An increased
Z1 results in lower spreads, asksizes and bidsizes (remembering again that the error correction terms are
specified as -y, Z1,, and noting that we find y,>0). For example, an idiosynchratic (i.e., noise-related)
increase in spreads results in a positive Z1 equilibrium error which is self-correcting in that SPREAD
adjusts downwards in response. Similarly, an idiosynchratic increase in either depth results in a positive
Z1 equilibrium error that sets off self-correcting retrenchment in the corresponding depth. The Z2 term is
more complicated. Because increased ASKSIZE in équations (11) through (14) raises Z1 but lowers Z2,
we find that increased ASKSIZE reduces the sell order imbalance not only (as just explained) through
higher Z1 but also, as expected, through the inverse effect of Z2. That is, because of our finding
throughout Table 5 of a negative ¥,, asz parameter on Z2 in the ASKSIZE equation, a lower Z2 also
results in continuing downward adjustment of idiosyncratically high ASKSIZE. On the other hand, the
Z2 equilibrium error in the SPREAD and BIDSIZE equation operates through direct effects. Higher
idiosynchratic SPREAD or BIDSIZE increases Z2 which with y; s or y,, gsz> 0 and a -y, Z2 error
correction term implies lower SPREAD or BIDSIZE, respectively.

To confirm our VECM specification, we also provide in table 6 the corresponding unrestricted
vector autoregession (VAR) estimates for IBM95. The only difference between the VAR and the VECM
is that the two error correction terms Z1 and Z2 are absent in the VAR. Comparing the R-square and
regression F-statistics between the VAR and VECM models shows that the equilibrium errors (Z1., and
Z2,.,) are responsible for a significant proportion of the variation explained in ASPREAD, ABIDSIZE, and
AASKSIZE. Thus, for example, with the addition of the error correction terms, R-square increases from
0.33 to 0.39 in the ASPREAD equation, from 0.19 to 0.24 in the A4SKSIZE equation and from 0.18 to
0.22 in the ABIDSIZE equation. The F-statistics for the Z1 and Z2 variable set are 4,231 and 2,488 and
2,174, respectively. Clearly, the VECM specification of this model is preferred over an unrestricted VAR

in levels, providing confirmation of our error correction-common factor empirical methodology.
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Table 5 Panel B provides the VECM estimates for IBM 1998. While in sign and significance of
parameter estimates, IBM 1995 and IBM 1998 are almost identical, the magnitude of the parameter
estimates themselves are significantly different, and this finding has some important implications
discussed in the next section.

6.4  Discussion of Results

Our consistent finding in essentially all the DJIA stocks in 1995 and 1998 is that depths convey
new information first. This finding is robust across several specifications of depth in the spreads-depth
VECM. Between the years 1995 and 1998, three differences in the results stand out. All three relate to
the role of spreads in information discovery. First, the error correction parameters on lagged spreads in
the ASKSIZE and BIDSIZE equations in Table 5 Panel A are approximately twice as large as the same
parameters in Panel B that reports the same VECM for IBM in 1998. Apparently the wider spreads in the
earlier period (1995 in Table 5 Panel A) conveyed less accurate information and necessitated wider
fluctuations of the depths to adjust to the possible multiple interpretations of the spread changes. In
contrast, with tighter spreads in 1998 (see Table 1 for a comparison stock by stock), specialists and limit
order traders felt confident in making smaller depth adjustments in response to the order flow that
warranted changing the spread. This, of course, is an indirect role for spreads in the information
discovery process since depth adjustment is where information-based, permanent innovations in the
stochastic process first show up.

Second, however, we detect some evidence suggesting an enhanced direct role for spreads in
1998 information discovery. When the spreads tightened in 1998, the bottom three rows of Table 3
convey that in 27 out of 30 DJIA stocks only one, not two, cointegrating vectors were statistically
significant in the error correction process. This cointegrating vector test result is mirrored in the error
correction results in Table 5 Panel B for IBM 1998 where the second “equilibrium error” is not significant
in the spreads equation. This finding (which differs from the significance of the same term in Table 5
Panel A for IBM 1995) relates to our conjecture in section 6.1 that finding only one equilibrium error

process in 1998 opens a role for a second stochastic common trend involving spreads. Recall that in the
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pure case of two cointegrated variables and an error correction term expressed as their difference, the
source of the stochastic common trend does not error correct to the equilibrium error (the Z term) whereas
the subsidiary variable does. Here, of course, we have a compound error correction term involving a
linear function of all three variables. Nevertheless, the insignificance result on Z2(t-1) in the SPREAD
equation of Table 5 Panel B is suggestive of an enhanced information discovery role for the tighter 1998
spreads that is not present in the 1995 data.

Third, this enhanced role for tighter spreads in information discovery is further suggested by the
magnitude of the common factor weights in Panel E of Table 2. There we were investigating the
appropriate specification of a spreads and depths VECM model. Recall thét in Table 3 Panel E, the
spreads were found to be cointegrated with % summed depths for IBM in 1995 and 1998. In addition, the
last two columns report common factor weights for spreads and depths. As in other specifications of the
spreads-depth model reported throughout the paper, depths predominate and are statistically significant in
setting the common trend. Notice, however, that an overwhelming common factor weight on summed
depths in 1995 (0.768**) becomes a more nearly equal weight in 1998 (0.490**). The remainder of the
common trend in 1998 -- namely, 51%-- is associated with innovations in the spread. Although there is
still too much noise in spread changes to allow the 0.510 factor weight to test out as statistically
significantly different from zero, some increased role of these tighter 1998 spreads in information
discovery is suggested.

Contrary to the intuition in the early theoretical microstructure models, our results also
underscore the important role played by the limit order book in the price discovery process. It appears
that informed traders actively use the limit order book to effect all or part of their trades. This execution
strategy is consistent with the intuition modeled in Chakravarty and Holden (1995).

It is likely that the wider spreads in 1995 reflected in part a barrier to effective price competition
perpetuated by the 1/8th minimum tick size. Following the reduction in the minimum tick size from

eighths to sixteenths in 1997, the resulting narrower spreads were significantly more informative than
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their earlier counterparts. Nevertheless, our conclusion remains that depths overwhelmingly account for

the common stochastic trend(s).

7. Concluding Summary

We use a vector error correction framework and a long time-series of high frequency data to
analyze the relative importance of bid-ask spreads and the associated bid and ask depths in revealing new
information that affects quote revision. The importance of the current work lies in the fact that the
microstructure theory literature has traditionally recognized (changes in) the bid-ask spread as the primary
measure of adverse selection and information-based trading in security markets (McInish and Wood
(1992), Peterson and Fialkowski (1994), Huang and Stoll (1996), Bessembinder (1997)). To our
knowledge, our research is the first to investigate within a cointegration/error correction framework
whether depths play an even more important role in this information revelation process.

Our results indicate that new information is reflected overwhelmingly in (bid and ask) depth
updates rather than in spread updates. At first glance, our central result may appear to violate many
researchers’ priors that prices should, in general, lead rather than follow. But perhaps it is not surprising
to find that size leads and prices follow, especially when one remembers that size offers strategic limit
order traders a variety of options including raising the aggregate depth statistic at the prevailing BBO
simply by improving the best bid or offer prices one tick.

An implication of our finding is that the emphasis on bid-ask spreads as a determinant of
execution strategy and as a signal of information arrivals in financial market microstructure may have
been somewhat misplaced. Our finding provides support for recent theoretical models that attempt to
formalize the intuition that depths are at least as important as spreads in permanently incorporating new

information arrival in the market.
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ADDITIONAL INSTITUTE PAPERS AVAILABLE FROM THE KRANNERT
GRADUATE SCHOOL OF MANAGEMENT

-1995-

1069  Sugato Chakravarty and John J. McConnell, AN ANAYLSIS OF PRICES, BID/ASK
SPREADS, AND BID AND ASK DEPTH SURROUNDING IVAN BOESKY'S
ILLEGAL TRADING IN CARNATION'S STOCK.

1070 John J. McConnell and Henri Servaes, EQUITY OWENERSHIP AND THE TWO
FACES OF DEBT.

1071 Kenneth J. Matheny, REAL EFFECTS OF MONETARY POLICY IN A
'NEOCLASSICAL' MODEL: THE CASE OF INTEREST RATE TARGETING.

1072 Julie Hunsaker and Dan Kovenock, THE PATTERN OF EXIT FROM DECLINING
INDUSTRIES.

1073 Kessan Joseph, Manohar U. Kalwani, THE IMPACT OF ENVIRONMENTAL
UNCERTAINTY ON THE DESIGN OF SALESFORCE COMPENSATION PLANS.

1074 K. Tomak, A NOTE ON THE GOLDFELD QUANDT TEST

1075  Alok R. Chaturvedi, SIMDS: A SIMULATION ENVIRONMENT FOR THE DESIGN
OF DISTRIBUTED DATABASE SYSTEMS

1076  Dan Kovenock and Suddhasatwa Roy, FREE RIDING IN NON-COOPERATIVE
ENTRY DETERRENCE WITH DIFFERENTIATED PRODUCTS

1077  Kenneth Matheny, THE MACROECONOMICS OF SELF-FULFILLING
PROPHECIES

1078 Paul Alsemgeest, Charles Noussair and Mark Olson, EXPERIMENTAL
COMPARISONS OF AUCTIONS UNDER SINGLE-AND MULTI-UNIT DEMAND

1079 Dan Kovenock, Casper D de Vries, FIAT EXCHANGE IN FINITE ECONOMIES

1080  Dan Kovenock, Suddhasatwa Roy, DYNAMIC CAPACITY CHOICE IN A
BERTRAND-EDGEWORTH FRAMEWORK

1081 Burak Kazaz, Canan Sepil, PROJECT SCHEDULING WITH DISCOUNTED CASH
FLOWS AND PROGRESS PAYMENTS

-1996-

1082  Murat Koksalan, Oya Rizi, A VISUAL INTRACTIVE APPROACH FOR MULTIPLE
CRITERIA DECISION MAKING WITH MONOTONE UTILITY FUNCTIONS

1083  Janet S. Netz, John D. Haveman, ALL IN THE FAMILY: FAMILY, INCOME, AND
LABOR FORCE ATTACHMENT



1084

1085

1086

1087

1088

1089

1090

1091

1092

1093

1094

1095

1096

1097

1098

Keith V. Smith, ASSET ALLOCATION AND INVESTMENT HORIZON
Arnold C. Cooper and Catherine M. Daily, ENTREPRENEURIAL TEAMS

Alok R. Chaturvedi and Samir Gupta, SCHEDULING OF TRANSACTIONS IN A
REAL-TIME DISTRIBUTED TRANSACTION PROCESSING SYSTEMS:
SCALEABILITY AND NETWORKING ISSUES

Gordon P. Wright, N. Dan Worobetz, Myong Kang, Radha V. Mookerjee and Radha
Chandrasekharan, OR/SM: A PROTOTYPE INTEGRATED MODELING
ENVIRONMENT BASED ON STRUCTURED MODELING

Myong Kang, Gordon P. Wright, Radha Chandrasekharan, Radha Mookerjee and N.
Dan Worobetz, THE DESIGN AND IMPLEMENTATION OF OR/SM: A
PROTOTYPE INTEGRATED MODELING ENVIRONMENT

Thomas H. Brush and Philip Bromiley, WHAT DOES A SMALL CORPORATE
EFFECT MEAN? A VARIANCE COMPONENTS SIMULATION OF CORPORATE
AND BUSINESS EFFECTS

Kenneth J. Matheny, NON-NEUTRAL RESPONSES TO MONEY SUPPLY SHOCKS
WHEN CONSUMPTION AND LEISURE ARE PARETO SUBSTITUTES

Kenneth J. Matheny, MONEY, HUMAN CAPITAL, AND BUSINESS CYCLES: A
MODERN PHILLIPS CURVE-STYLE TRADEOFF

Kenneth J. Matheny, OUTPUT TARGETING AND AN ARGUMENT FOR
STABILIZATION POLICIES

Kenneth J. Matheny, THE RELEVANCE OF OPEN MARKET OPERATIONS AS A
MONETARY POLICY TOOL

-1997-

James C. Moore, William Novshek and Peter Lee U, ON THE VOLUNTARY
PROVISION OF PUBLIC GOODS

Michael R. Baye, Dan Kovenock and Casper G. deVries, THE INCIDENCE OF
OVERDISSIPATION IN RENT-SEEKING CONTESTS

William Novshek and Lynda Thoman, CAPACITY CHOICE AND DUOPOLY
INCENTIVES FOR INFORMATION SHARING

Vidyanand Choudhary, Kerem Tomak and Alok Chaturvedi, ECONOMIC BENEFITS
OF RENTING SOFTWARE

Jeongwen Chiang and William T. Robinson, DO MARKET PIONEERS MAINTAIN
THEIR INNOVATIVE SPARK OVER TIME?



1099

1100

1101

1102

1103

1104

1105

1106

1107

1108

1109

1110

1111

1112

Glenn Hueckel, LABOR COMMAND IN THE WEALTH OF NATIONS: A SEARCH
FOR “SYSTEM”

Glenn Hueckel, SMITH’S UNIFORM “TOIL AND TROUBLE”: A “VAIN
SUBTLETY”?

Thomas H. Brush and Philip Bromiley, WHAT DOES A SMALL CORPORATE
EFFECT MEAN? A VARIANCE COMPONENTS SIMULATION OF CORPORATE
AND BUSINESS EFFECTS

Thomas Brush, Catherine Maritan and Aneel Karnani, MANAGING A NETWORK OF
PLANTS WITHIN MULTINATIONAL FIRMS

Sam Hariharan and Thomas H. Brush, RESOURCES AND THE SCALE OF ENTRY
CHOICE: THE COMPETITIVE ADVANTAGE OF ESTABLISHED FIRMS?

Thomas H. Brush, Philip Bromiley and Margaretha Hendrickx, THE RELATIVE
INFLUENCE OF INDUSTRY AND CORPORATION ON BUSINESS SEGMENT
PERFORMANCE: AN ALTERNATIVE ESTIMATE

Thomas Brush, Catherine Maritan and Aneel Karnani, PLANT ROLES IN THE
MANAGEMENT OF MULTINATIONAL MANUFACTURING FIRMS

Thomas H. Brush, Catherine Maritan and Aneel Karnani, THE PLANT LOCATION
DECISION IN MULTINATIONAL MANUFACTURING FIRMS: AN EMPIRICAL
ANALYSIS OF INTERNATIONAL BUSINESS AND MANUFACTURING
STRATEGY PERSPECTIVES

Piyush Kumar, Manohar U. Kalwani and Magbool Dada, THE IMPACT OF WAITING
TIME GUARANTEES ON CUSTOMERS’ WAITING EXPERIENCES

Thomas H. Brush, Philip Bromiley and Margaretha Hendrickx, THE FREE CASH
FLOW HYPOTHESIS FOR SALES GROWTH AND FIRM PERFORMANCE

Keith V. Smith, PORTFOLIO ANALYSIS OF BROKERAGE FIRM
RECOMMENDATIONS

- 1998 -

Charles Noussair, Kenneth Matheny, and Mark Olson, AN EXPERIMENTAL STUDY
OF DECISIONS IN DYNAMIC OPTIMIZATION PROBLEMS

Jerry G. Thursby and Sukanya Kemp, AN ANALYSIS OF PRODUCTIVE
EFFICIENCY OF UNIVERSITY COMMERCIALIZATION ACTIVITIES

John J. McConnell and Sunil Wahal, DO INSTITUTIONAL INVESTORS
EXACERBATE MANAGERIAL MYOPIA?



1113

1114

1115

1116

1117

1118

1119

1120

1121

1122

1123

1124

1125

John J. McConnell, Mehmet Ozbilgin and Sunil Wahal, SPINOFFS, EX ANTE

Sugato Chakravarty and John J. McConnell, DOES INSIDER TRADING REALLY
MOVE STOCK PRICES?

William T. Robinson and Sungwook Min, IS THE FIRST TO MARKET THE FIRST
TO FAIL?: EMPIRICAL EVIDENCE FOR MANUFACTURING BUSINESSES

Margaretha Hendrickx, WHAT CAN MANAGEMENT RESEARCHERS LEARN
FROM DONALD CAMPBELL, THE PHILOSOPHER? AN EXERCISE IN
PHILOSOPHICAL HERMENEUTICS

Thomas H. Brush, Philip Bromiley and Margaretha Hendrickx, THE FREE CASH
FLOW HYPOTHESIS FOR SALES GROWTH AND FIRM PERFORMANCE

Thomas H. Brush, Constance R. James and Philip Bromiley, COMPARING
ALTERNATIVE METHODS TO ESTIMATE CORPORATE AND INDUSTRY

EFFECTS

Charles Nouséair, Stéphane Robin and Bernard Ruffieux, BUBBLES AND ANTI-
CRASHES IN LABORATORY ASSET MARKETS WITH CONSTANT
FUNDAMENTAL VALUES

Vivian Lei, Charles N. Noussair and Charles R. Plott, NON-SPECULATIVE
BUBBLES IN EXPERIMENTAL ASSET MARKETS: LACK OF COMMON
KNOWLEDGE OF RATIONALITY VS. ACTUAL IRRATIONALITY

-1999-
Kent D. Miller and Timothy B. Folta, ENTRY TIMING AND OPTION VALUE

Glenn Hueckel, THE LABOR “EMBODIED” IN SMITH’S LABOR-COMMANDED
MEASURE: A “RATIONALLY RECONSTRUCTED” LEGEND

Timothy B. Folta and David A. Foote, TEMPORARY EMPLOYEES AS REAL
OPTIONS

Gabriele Camera, DIRTY MONEY

Wilfred Amaldoss, Robert J. Meyer, Jagmohan S. Raju, and Amnon Rapoport,
COLLABORATING TO COMPETE: A GAME-THEORETIC MODEL AND
EXPERIMENTAL INVESTIGATION OF THE EFFECT OF PROFIT-SHARING
ARRANGEMENT AND TYPE OF ALLIANCE ON RESOURCE-COMMITMENT

DECISIONS



1126

1127

1128

1129

1130

1131

1132

1133

1134

1135

1136

1137

1138

Wilfred Amaldoss, Robert J. Meyer, Jagmohan S. Raju, and Amnon Rapoport,
APPENDICES FOR COLLABORATING TO COMPETE: A GAME-THEORETIC
MODEL AND EXPERIMENTAL INVESTIGATION OF THE EFFECT OF PROFIT-
SHARING ARRANGEMENT AND TYPE OF ALLIANCE ON RESOURCE-
COMMITMENT DECISIONS

-2000-

Sugato Chakravarty and Kai Li, AN ANALYSIS OF OWN ACCOUNT TRADING BY
DUAL TRADERS IN FUTURES MARKETS: A BAYESIAN APPROACH

Sugato Chakravarty, STEALTH TRADING: THE NEXT GENERATION

S.G. Badrinath and Sugato Chakravarty, ARE ANALYST RECOMMENDATIONS
INFORMATIVE?

Sugato Chakravarty and Asani Sarkar, THE DETERMINANTS OF LIQUIDITY IN
U.S. CORPORATE, MUNICIPAL AND TREASURY BOND MARKETS

Vivian Lei and Charles Noussair, AN EXPERIMENTAL TEST OF AN OPTIMAL
GROWTH MODEL

Paul Healy and Charles Noussair, BIDDING BEHAVIOR IN THE PRICE IS RIGHT
GAME: AN EXPERIMENTAL STUDY

Kent D. Miller and Zur Shapira, BEHAVIORAL OPTION THEORY:
FOUNDATIONS AND EVIDENCE

Kent D. Miller, KNOWLEDGE INVENTORIES AND MANAGERIAL MYOPIA

Gabriele Camera, Charles Noussair, and Steven Tucker, RATE-OF—RETURN
DOMINANCE AND EFFICIENCY IN AN EXPERIMENTAL ECONOMY

Timothy B. Folta, Jay J. Janney, SIGNALING FOR RESOURCE ACQUISITION:
PRIVATE EQUITY PLACEMENTS BY TECHNOLOGY FIRMS

Michael R. Baye, Dan Kovenock, Casper G. de Vries, COMPARATIVE ANALYSIS
OF LITIGATION SYSTEMS: AN AUCTION-THEORETIC APPROACH

Sugato Chakravarty, Asani Sarkar, DO DIFFERENCES IN TRANSPARENCY
AFFECT TRADING COSTS? EVIDENCE FROM U.S. CORPORATE, MUNICIPAL
AND TREASURY BOND MARKETS



1139

1140

1141

1142

1143

1144

1145

1146

1147

1148

-2001-

Charles Noussair, Stephane Robin, Bernard Ruffieux, GENETICALLY MODIFIED
ORGANISMS IN THE FOOD SUPPLY: PUBLIC OPINION VS CONSUMER
BEHAVIOR

Gabriele Camera, SEARCH, DEALERS, AND THE TERMS OF TRADE

David Masclet, Charles Noussair, Steven Tucker, Marie-Claire Villeval, MONETARY
AND NON-MONETARY PUNISHMENT IN THE VOLUNTARY
CONTRIBUTIONS MECHANISM

Charles Noussair, Stephane Robin, Bernard Ruffieux, DO CONSUMERS NOT CARE
ABOUT BIOTECH FOODS OR DO THEY JUST NOT READ THE LABELS

Timothy B. Folta, Douglas R. Johnson, Jonathan O’Brien, UNCERTAINTY AND THE
LIKELIHOOD OF ENTRY: AN EMPIRICAL ASSESSMENT OF THE
MODERATING ROLE OF IRREVERSIBILITY

Alok Chaturvedi, Mukul Gupta, Sameer Gupta, ISSUES IN SERVER FARM DESIGN
FOR REAL TIME E-COMMERCE TRANSACTIONS

William Blankenau, Gabriele Camera, PRODUCTIVE EDUCATION OR A
MARKETABLE DEGREE?

Murat Koksalan, Selcen Pamuk, AN EVOLUTIONARY METAHEURISTIC FOR
APPROXIMATING PREFERENCE-NONDOMINATED SOLUTIONS
Gabriele Camera, Alain Delacroix, BARGAINING OR PRICE POSTING?

Sugato Chakravarty, Asani Sarkar, A COMPARISON OF TRADING COSTS IN THE
U.S. CORPORATE, MUNICIPAL AND TREASURY BOND MARKETS






