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is the Emmanuel T.Weiler Professor of records of Boesky’s trades permit us to examine the relation between
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W This paper examines trading activity surroundingnpounded in stock prices and the effect of insider
the acquisition of Carnation Company by Nestlé S.Arading on two aspects of market liquidity—bid/ask
in 1984. During the summer of 1984, prior to the firgspread and market depth.
public announcement by Carnation or Nestlé of mergerThe prior literature most closely related to ours is
discussions, lvan Boesky acquired 1,711,200 shaidgulbroek (1992) and Cornell and Sirri (1992).
of Carnation stock, which constituted just under 5%eulbroek analyzes 320 cases in which the SEC
of Carnation’s outstanding shares. The Securities aftdmally charged investors with illegal insider trading
Exchange Commission (SEC) later charged that Boedtyring the period of 1980 to 1989. After controlling for
traded in Carnation’s stock on the basis of illegallgverall market movements and public news
obtained information. Boesky acknowledged that rennouncements, she finds a positive and statistically
had received material non-public information regardingjgnificant relation between insider trading and
the Nestlé takeover of Carnation from Martin Siegetontemporaneous changes in stock price. Cornell and
an investment banker at Kidder, Peabody & Co.  Sirri conduct a detailed analysis of insider trading
Because of the SEC investigation and subsequembund the acquisition of Campbell Taggart by
related litigation, detailed documents regardingnheuser-Busch in 1982. They report a positive and
Boesky’s trading activity, including the datessignificant relation between the stock price run-up prior
times, and prices at which he purchased shares, haw¢he announcement of the acquisition and purchases
been compiled. We use these court records by illegally informed insiders. Both studies indicate
investigate the way in which insider information ighat prices adjust to incorporate nonpublic information.
We thank Simon Chang for assistance in compiling the datg,ome“ and Sirri also evaluate the effect of insider
the Chicago Mercantile Exchange for providing us with datdrading on market liquidity as measured by estimated
g_nd George Sofiadn_os of ﬂl](etN?W \:Ofk SIZCK EXCh?_nge fgdid/ask spreads in Campbell Taggart stock where the
B e o e o e ot asio fStimated spread is computed as n Roll (1984). They
Finance Conference, and especially the discussant N&RPOrt that the estimated spreads did not rise during
Pearson, for comments. The usual caveat applies. the period of insider trading and conclude, therefore,
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that liquidity did not fall. Boesky’s trading clearly had no adverse effect on bid
As with the takeover of Campbell Taggart bynd ask depths and, depending upon the level at which
Anheuser-Busch, the takeover of Carnation by Nes#énificance is judged, may even have had a positive
provides an opportunity to study price and spreadfect on both bid and ask depth.
reaction to trades by an identifiable and asymmetricallyA policy implication that follows from our analysis
informed trader and, therefore, to conduct a “robustnegs”that insider trading appears to facilitate price
check on the conclusions reached by Meulbroek (199#iscovery and to have no adverse effect on market
and Cornell and Sirri (1992). However, we go beyond théiquidity. Additionally, our analysis permits insights
analyses in several respects. into certain aspects of market microstructure. An
First, both Meulbroek (1992) and Cornell and Siriinterpretation of our results is that market liquidity
(1992) use daily data to examine the correlation betwegre., spread and depth) is relatively insensitive to the
stock price changes and insider trading. Meulbrogkesence of informed traders. The corollary implication
notes that these data limit her ability to draw inferences that the adverse selection component of market
regarding causation. That is, she cannot determilguidity (both spread and depth) is modest. This result
whether insider trading caused large price changesisrconsistent with those of George, Kaul, and
vice versa. Because our database includes the achahalendran (1991) who determine that the adverse
times of Boesky’s trades, we are able to conduct arlection component of the bid/ask spread is
hour-by-hour analysis of his trading and changes inegligible, but contrary to those of Stoll (1989) who
Carnation’s stock price. Like Meulbroek and Cornefinds that quoted spreads contain a large and
and Sirri, we find a positive and significantstatistically significant adverse selection component
contemporaneous relation between Boesky’s purchasesl with those of Lee, Mucklow, and Ready (1993)
and changes in stock price. A further analysis indicate$io report a significant decline in market depth
that Boesky’s trades led to further subsequent priaeound corporate earnings announcements. Each
increases, suggesting that Boesky's trades “caused” tiethese studies infers the presence of informed
price increases rather than the other way around. traders on the basis of changes in price and trading
Second, depending upon the number of shareslume, whereas we base our analysis on
traded, we classify Boesky's trades as “smallddmissions by an accused inside trader.
“medium,” or “ large.” Our motivation for doing so follows The next section of this paper describes in more
from Barclay and Warner (1993) who report that preletail Boesky’s trading in Carnation’s stock and
acquisition stock price run-ups are more highly correlatbddghlights certain events surrounding the Nestlé/
with “medium-sized” orders than with either large or smalarnation merger. Section Il describes the data used in
orders. Our investigation of Boesky's trades in Carnatidihe empirical analysis. Section 11l empirically examines
indicates that it is only Boesky'’s large trades that atiee relation between Boesky’s trades and Carnation’s
significantly correlated with changes in Carnation’s stockock price. Section 1V briefly reviews the theoretical
price prior to the takeover announcement. literature on market microstructure that provides a
Third, we go beyond the analysis of the effect dfamework for our empirical analysis, in Section V, of the
insider trading on market liquidity conducted byelation between Boesky’s trades and market liquidity.
Cornell and Sirri (1992) to consider the effect of insideSection VI provides summary and conclusions.
trading on both the size of the bid/ask spread and on
the level of market depth. As noted by Harris (1990), a . . ,
complete characterization of market liquidity" Nestle, Carnation, and Boesky's
encompasses two dimensions: 1) the bid/ask spreadPurchases of Carnation’s Stock
i.e., the price at which the market maker is willing to
buy (the bid) and sell (the ask); and 2) the market depthOn Tuesday, September 4, 1984, Nestlé and Carnation
i.e., the number of shares available at each bid and @sktly announced that Nestlé would make an offer to
price (the bid depth and the ask depth, respectivelpurchase all of the outstanding shares of Carnation at
When liquidity is defined in terms of these twd$83.00 per share. On Friday, August 31, 1984, the last
dimensions, it is entirely conceivable that a reductidnading day before the announcement, Carnation’s
in liquidity could occur through a reduction in bid ostock closed at $75.00 per share. Approximately three
ask depth even though the quoted or effective spreadnths prior to that announcement, on June 5, 1984,
is unchanged. It is for that reason that we investigaBarnation’s stock closed at $59.75 per share. Between
the effect of Boesky'’s trading in Carnation’s stock odune 5, 1984 and August 31, 1984, Carnation’s stock
both spread and depth. We find that Boesky'’s tradesperienced a run-up of 26% in contrast to an increase
had no significant adverse effect on either quoted of 8.5% in the S&P 500 Index over this same interval.
effective bid/ask spreads. Additionally, we find that This run-up in Carnation’s stock price coincided with
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the accumulation of a major position in Carnation’sayments had been made in two installments with
stock by lvan Boesky. Specifically, on June 6, 1984he cash given to Siegel in a suitcase in the Plaza
Boesky, purchased 45,000 shares of Carnation stoklatel in New York City.
Over the ensuing three months, Boesky purchased 8ased upon the facts of the case as well as the
total of 1,711,200 shares of Carnation stoctestimony rendered, there is the strong appearance
representing just under 5% of the total Carnatiahat Boesky had inside information regarding the
shares then outstanding. Based upon the pricestakteover of Carnation prior to the public release of
which he purchased Carnation stock and the pricesaaty information about the merger and that Boesky
which he sold the stock following the mergeused that information to trade in Carnation’s stock.
announcement, Boesky realized a profit ofNe now turn to the questions of whether Boesky’s
approximately $28 million from his trades in Carnatiortrading affected Carnation’s stock price and market
Carnation Co. was founded by E.A. Stuart in 1898quidity.
In 1984, the Stuart family still controlled a
substantial fraction of the company’s shares. Durin
the early spring of 1984, Dwight Stuart, the formelr?- Data
CEO of Carnation, approached First Boston Corp.
about the possibility of selling his shares as a blockOur empirical analysis makes use of four data sets:
to a single buyer. About the same time, because Df a time-stamped record of Boesky’s trades in
concerns about a possible hostile takeover attem@tarnation’s stock over the period of June 6, 1984
the Carnation board of directors retained Kiddehrough August 28, 1984; 2) a time series of trades and
Peabody for assistance in takeover defengeotes in Carnation’s stock from the database of the
measures. Shortly thereafter, Dwight Stuadhstitute for the Study of Security Markets (ISSM) for
informed the Carnation board of his contacts witthe period January 1, 1984 through August 31, 1984; 3)
First Boston. The board immediately relayed thigdaily stock returns from the files of the Center for
information to Kidder Peabody. Research in Security Prices (CRSP); and 4) the intra-
At the time when the Carnation board hired Firstay prices on the three-month S&P 500 Index futures
Boston and during the time period in which Boeskyontract obtained from the Chicago Mercantile
purchased Carnation’s stock, Martin Siegel was d&xchange (CME) for the period January 1, 1984 through
investment banker with Kidder Peabody. On Februapugust 31, 1984.
13, 1987, the SEC filed a “Complaint for Injunctive and A record containing the order-entry time and the
Equitable Relief” against Siegel in which the SE@rder-execution time of Boesky'’s trades along with the
charged that Siegel learned “...material non-publtgpe of trade (i.e., limit or market order), quantity traded,
information concerning the interest of a controllingand the price at which the trade occurred was
shareholder in selling his controlling position irconstructed from Boesky's files. The record includes
Carnation...,” which information he illegally disclosed66 individual transactions encompassing 1,731,200
to Boesky, knowing that disclosure “...was likely tashares purchased on 24 days beginning with June 6,
result in Boesky’'s purchase of common stock df984 and ending with August 28, 1984. For each trade
Carnation” (p. 8). The Siegel complaint also charged Carnation (with the exception of certain missing
that during the summer of 1984, “...Siegel met witbays), the ISSM database contains the date and time
Boesky and, based upon material non-publief the trade, the price of the trade, and the number of
information concerning a possible acquisition...whickhares traded. The database also contains “quotes.”
Siegel learned by virtue of his employment at KiddeEach quote consists of a bid and an ask price and their
encouraged Boesky to continue to purchase sharesofresponding depths (i.e., the number of shares that
the common stock of Carnation.” Siegel never admitte@n be sold at the current bid and the number of shares
to passing illegal information to Boesky regardinghat can be purchased at the current ask). A quote is
Carnation. However, he did acknowledge receivingavailable whenever there is a change in either the bid
cash fee from Boesky for “consulting” servicesor ask prices or in the bid or ask depth, regardless of
Boesky, however, did testify about his involvementhether any trades have occurred since the previous
with Siegel on two occasions: imited States vs. Johnquote. Daily returns on Carnation’s stock, a daily
Mulherin and inMaxus Corporate Company vs.equally-weighted index of all NYSE stocks, and a daily
Kidder, Peabody & Co., Ing Martin A. Siegeland index representative of the food products industry are
Ivan F. Boeskyln both cases, Boesky testified that heaken from the CRSP files. For the intraday analysis,
had traded illegally in Carnaticstock on the basis of hourly returns on the three-month S&P 500 Index
information received from Siegel. He also testifiefutures contract from the CME are used as a proxy for
that he had paid $700,000 in cash to Siegel. Thanarket index.
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lll. The Relation Between Boesky’s index and the Boesky-buying indicator variable are
Trades and Carnation’s Stock statistically significant with p-values of 0.005 and
Price 0.025, respectively.

To determine the robustness of these results, a

) ] ) second regression is estimated in which the Boesky-
We first examine the relation between Boeskyi§ing indicator variable is replaced with Boesky’s

trades in Carnation and changes in Carnation’s stogks re purchases each day as a fraction of total
price. In this analysis, we investigate whether insidgf;  nation volume on that day. This variable is

trading moves prices. constructed as (one plus) the number of shares
purchased by Boesky on a given day divided by the
total number of shares of Carnation’s stock traded on
that day (i.e., total daily volume). As shown in the

In order to determine the statistical significance dpird column of Table 1, the same variables are
the relation between Boesky’s purchases and the rghatistically significant. A third variation of the
up in Carnation’'s stock price prior to thgegression is estimated in which the dependent
announcement of the purchase offer by Nestl¢, variable is the daily return on Carnation’s stock and
regression is estimated in which the dependeme independent variables are the daily return on the
variable is the daily rate of return on Carnation’s stodkY SE index, the daily return on the food industry index,
over the period January 1, 1983 through August Jige indicator variables for dividend and earnings
1984. The independent variables include the dai@nouncements, and the indicator variable for days
return on the value-weighted index of all NYSE stock§n Which articles identifying Carnation as a possible
the daily return on a food industry indean indicator takeover candidate appeared in the press. Additionally,
variable to identify each of the eight days on whichie number of shares purchased by Boesky on each
Carnation made an earnings announcement during tiy and the total Carnation volume less Boesky
period? an indicator variable to identify each of thurchases on each day (i.e., non-Boesky volume) are
seven days on which Carnation made a dividefcluded as independent variables. The results of this
announcement during this period, an indicator variablggression are reported in tfeifth column of Table
to indicate the 10 days on which brokerage firms issuéd In this regression, the coefficients of the NYSE
“favorable” analysts reports, an indicator variable t&'dex, the Boesky-buying variablend the non-
capture the five days on which brokerage firms issu&pesky market volume are all positive and significant
“unfavorable” analysts reports regarding Carnation%ith p-values of 0.003, 0.002, and 0.097, respectively.
stock? and an indicator variable to denote the four The results of these regressions indicate that
days on which a newspaper article appeared citif@esky’s buying was significantly correlated with
Carnation as a possible takeover candiddfaese Carnation’s stock price run-up during the summer of
independent variables are included to control for oth&P84. The results are consistent with three scenarios:
market factors and news events that could explain theBoesky's buying “caused” the stock price run-up;
Carnation stock price run-up. The regression algd Boesky watched the market and placed his trades
includes an indicator variable to identify days on whicuring days on which the stock price had already run-
Boesky purchased shares of Carnation’s stock. THB SO as to disguise his trading activity from possible
results of the regression are reported in the secd@éer detection by legal authorities (i.e., the stock price
column of Table 1. As the table indicates, the markB{n-up caused Boesky’s buying); or 3) both the stock
The food industry index comprises all stocks, excludinﬁ)rlce run-up and BoeSky’S buylng were caused by a
Carnation, included in the Standard & Poor’s Foods CompositBird, unidentified factor. The control variables
Index. Because the food-industry index and the equal-weightgdcluded in the regressions would seem to preclude

index of all NYSE stocks are highly correlated, we regress tlme obvious exogenous third factors. However. the
industry index against the market index. The residuals from . disti ish b ) h h ’
this regression are now independent of the market index affggressions cannot distinguis etween the other two

are used as the food industry index in subsequent regressiog¥planations. That is, the regressions cannot determine

*See also Sivakumar and Waymire (1994) and Green and Watts (199@hether it was Boesky’s buying that caused the stock
iAnal){’sts Eepoxts typically pr(_)V|de readers w_lth a buy,CPriCe run-up or vice versa.
hold,” or “sell” recommendation. We categorize buy an . .

hold recommendations as favorable, and a sell recommendationTO take a closer look at the question of causation,
as unfavorable. Specifically, the favorable days were identifiddoesky’s trades are classified according to the hour
as 1/11/84, 2/28/84, 3/2/84, 3/21/84, 3/28/84, 5/16/84, 5/22/84f the day, beginning with 9:30 a.m. and ending with

5/30/84, 6/1/84, and 6/7/84. The unfavoradbys were 7/6/84, 4. ; ; ; ‘Al
7116/84. 8/15/84, 8/30/84, and 8/31/84. 4:00 p.m., in which they were submitted to the specialist

“The four days are June 20, 1984, July 3, 1984, July 5, 1949 exe_cution (i.e., the trades are classified by order
and August 8, 1984, entry time). For one transaction of 200 shares, the

A. Stock Price Changes and Boesky’s
Stock Purchases
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Table 1. Regression Analysis of Daily Returns on Carnation’s Stock Over the Period January 1,
1983 Through August 31, 1984

In the regression, the dependent variable is Carnation’s daily stock return. The independent variables are the daily returns
on an equally weighted index of all NYSE stocks, the daily returns on an equally weighted index of food products stocks,
daily non-Boesky Carnation trading volume, an indicator variable for the days in which a takeover-related article appeared
in the national press, an indicator variable for the days of earnings announcements by Carnation, an indicator variable for
the dividend announcements by Carnation, an indicator variable for the days corresponding to favorable analyst reports
on Carnation, anndicator variable for the days corresponding to unfavorable analyst reports on Carnation, and
three different measures of Boesky’s buying activity. The p-values of the coefficient estimates are in parentheses
below the coefficients.

Independent Variables

1) @y @)y 4y
Intercept 0.0007 0.0007 -0.0001
(0.312) (0.282) (0.865)
Index of NYSE Stocks 0.3703*** 0.3824*** 0.3864***
(0.005) (0.003) (0.003)
Index of Food Product Stocks 0.1645 0.1508 0.1434
(0.199) (0.239) (0.256)
Non-Boesky Carnation Volume 0.0000*
(0.097)
Boesky-Buying 0.0066** 0.0330*** 0.0000***
(0.025) (0.008) (0.002)
Takeover Related Articlés 0.0043 0.0028 -0.0062
(0.530) (0.690) (0.400)
Earnings Announcemerits -0.0009 -0.0006 -0.0007
(0.833) (0.898) (0.881)
Dividend Announcemenis 0.0039 0.0023 0.0042
(0.433) (0.645) (0.395)
Analyst Reports - Favorabile -0.0035 -0.0039 -0.0045
(0.388) (0.334) (0.255)
Analyst Reports - Unfavoraldle 0.0025 0.0021 -0.0017
(0.657) (0.720) (0.781)
R? 0.07 0.08 0.10

***Significant at the 0.01 level.
**Significant at the 0.05 level.
*Significant at the 0.10 level.
aThe Boesky-buying variable in column (2) is an indicator variable for the days in which Boesky purchased Carnation’s stock.
®The Boesky-buying variable in column (3) is Boesky’'s purchases during the day divided by total Carnation volume
during the day.
‘The Boesky-buying variable in column (4) is the number of shares purchased by Boesky each day.
9The days on which a newspaper article appeared citing Carnation as a possible takeover candidate are 6/20/84, 7/3/84,
7/5/84, and 8/8/84.
¢The earnings announcement days are 4/27/83, 5/17/83, 8/16/83, 11/15/83, 2/21/84, 4/25/84, 5/15/84, and 8/15/84.
The dividend announcement days are 2/22/83, 5/23/83, 8/23/83, 11/18/83, 2/21/84, 5/21/84, and 8/20/84.
9The favorable (buy/hold) analyst report days are 1/11/84, 2/28/84, 3/2/84, 3/21/84, 3/28/84, 5/16/84, 5/22/84, 5/30/%hd6AL1384.
"The unfavorable (sell) analyst report days are 7/6/84, 7/16/84, 8/15/84, 8/30/84, and 8/31/84.
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trading slip had the order execution time, but not thi@ble 2. Summary of Boesky’s Trades in

order entry time, and for one transaction of 20,00Darnation Stock by Hour of the Day 2 Over the
shares, the trading slip had neither the order entPgriod June 6, 1984 Through August 31, 1984
time nor the order execution time. Both of these trades

are dropped from this analysis. Table 2 summarizesl) 2) (3)
Boesky’s trading by hour of the day. As the exhibit

indicates, of the trades for which order entry times are Numbe_r of Number_Of
. . Carnation Trades in
available, none were submitted before 10 a.m. and the o
) : 5 Shares Carnation's
bulk of Boesky’s trading occurred after 1 p®m.
Additionally, the trading slips indicate that all of Purchased Stock by
Time of Day ® by Boesky Boesky

Boesky’s orders were market buy orders. That is
Boesky tended to buy late in the day by means 06:30 am. - 10 a.m. 0 0
market orders. These results are consistent with the

idea that Boesky waited for large price moves early int0 @m. - 11 a.m. 66,000 5
the_dqy and then. entered his orders. To draw more; am. - 12 p.m. 83.000 21
definitive conclusions, however, the trade data must

be compared with price changes. 12 pm.-1pm. 232,600 46

To do that, the ISSM database is accessgd tq p.m. - 2 p.m. 377.000 131
calculate hour-by-hour rates of return on Carnation’s
stock for the period January 1, 1984 through August p.m. - 3 p.m. 329,000 52
31, 1984. Also retrieved from the ISSM database is the
total hour-by-hour trading volume in Carnation’s 3p.m.-4pm 623,400 109
stock® A regression is then estimated in which the Tota| 1,711,000 364

dependent variable is the hourly rate of return on
Carnation’s stock and the independent variables afe addition to the purchases reported in the table, Boesky
also had over two other transactions which could not be
the hourly return On the three-month S&P 500 Ind@Fassified within a specific hourly interval. One transaction
futures contract (which serves as a proxy for the market 200 shares had no order-entry time, while another
index)7and an indicator variable to identify whethetransaction for 20,000 shares had neither an order-entry time
Boesky purchased stock during the hbur. nor an order-execution time. Taking these two transactions

. into consideration, Boesky’s total purchases of Carnation stock
As shown in the second column of Table 3, thg, Y P

. o - . - ere 1,731,200 shares in 366 separate transactions.
Boesky-buying indicator variable is positive andrrades are classified by order-entry time.
statistically significant with a p-value of 0.040. As
before, two additional variations of the regression agpecified as Boesky volume over total Carnation
estimated in which the Boesky-buying variable igolume and in which Boesky volume is entered along
with non-Boesky volume as separate independent
°As it turns out, there are no quotes or trades in Carnatigiyriables. In both cases (also reported in Table 3), the
stock before 10 a.m. in the ISSM files from January 19’8ﬁoefficient of the Boesky-buying variable is positive
through August 1984. Hence, our hourly intervals were all’] .
constructed from 10 a.m. onwards. ywth a p-value of less than 0.01. The_regressmn results
sUnfortunately, Carnation data are missing from the ISSMndicate that Carnation stock price changes are

database for 42 of the 170 trading days over this pel’ioéontemporaneous with Boesky’s purchases and are
More importantly, of these 42 days, Boesky traded on for.g‘7
8

of them. Specifically, the four days on which Boesky trade onsistent with the idea that it was BoeSkys purChaseS

are August 7 through August 10, 1994. Although we cann at c_aused _the stock price run-gp. ]
say for certain, it is likely that the absence of the four TO investigate the idea a bit further, the first
Boesky trading days would tend to attenuate the observgégression is re-estimated except that in addition to

relationship between Boesky's trading and prices angha contemporaneous return on the market index and
liquidity and reduce the likelihood of rejecting the null

hypothesis. Of the other 38 trading days for which data athe contemporanepus Boesky-buying variable, .the
missing, 33 of them were prior to June 6, 1984, the firddoesky-buying variable for each of the three prior
day on which Boesky purchased any Carnation stock. Thegurs is also included. This regression addresses the

42 days are, thus, omitted from the analysis. : : :
"The hourly rate of return on the S&P Index futures contraauesuon of whether there is a correlation between stock

is calculated as the price at the end of the hour divided by tpéice Chang.es and prior purChases bY_BoeSkY- The
price at the beginning of the hour divided by the price at th€sults of this regression are presented in Table 4. As
Eegmmng of the hour. _ _ o before, the coefficient of the contemporaneous
Because a preliminary d|agnost|<_: anaIyS|s_|nd|cated th oesky-buying variable is positive and significant
the error terms of the OLS regression are serially correlated, _ .. ..
the Cochrane-Orcutt two-step procedure is used to estim Q'Value - 0.029)Add|t|onally, the coefficient of the

the regression. Boesky-buying variable for two hours prior to the price
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Table 3. Regression Analysis of Hourly Returns on Carnation’s Stock Over the Period
January 1, 1984 Through August 31, 1984

In the regression, the dependent variable is Carnation’s hourly stock return. The independent variables are the hourly
returns on the three-month S&P 500 Index futures contract, non-Boesky Carnation trading volume, and three different
measures of Boesky’s buying volume. The p-values of the coefficient estimates are in parentheses below the coefficients.

Independent Variables

1) @y @) 4y

Intercept 0.0002 0.0001 -0.0002
(0.504) (0.563) (0.396)

S&P 500 Index Futures -0.1534 -0.1543 -0.1675
(0.198) (0.195) (0.157)

Non-Boesky Carnation - 0.0000***

Volume (0.005)

Boesky-Buying 0.0022** 0.0046*** 0.0000***
(0.040) (0.008) (0.010)

R? 0.05 0.05 0.05

***Significant at the 0.01 level.

**Significant at the 0.05 level.
aThe Boesky-buying variable in column (2) is an indicator variable showing whether Boesky purchased Carnation stock dindng. each
"The Boesky-buying variable in column (3) is Boesky’s purchases during each hour divided by total Carnation volume during the ho
‘The Boesky-buying variable in column (4) is the actual number of shares purchased by Boesky during each hour.

change is also positive and statistically significamtn Carnation’s stock over each of the three prior
with a p-value of 0.050, but none of the other lags durs. In this regression, we ask whether Boesky’s
the Boesky-buying variable is statistically differentrading as a fraction of total Carnation volume
from zero. As before, two variations of the regressiatepends upon prior changes in Carnation’s stock
are estimated with thewo different definitions of price. In the second regression, the dependent
the Boesky-buying variable. The results areariable is the number of Carnation shares
presented in columns 3 and 4 o&éfdle 4. In both purchased by Boesky during the hour. The
regressions, the contemporaneous Boesky-buyimglependent variables are the contemporaneous
variables have p-values of less than 0.01. The twand lagged hourly returns on Carnation’s stock and
hour lagged Boesky-buying variables have p-valuése contemporaneous and lagged hourly non-
of 0.062 and 0.014. In the third regression, the onBeoesky Carnation trading volume. Here we are
hour lagged Boesky variable has a p-value of 0.07&sking whether Boesky’s raw trading volume
Thus, these regressions provide support for the idéapends upon prior Carnation stock price changes.
that there is a lagged Boesky effect in Carnation’s stockThe results are presented in columns 2 and 3 of
price movementThe stronger relationship isTable 5. In both regressions, the coefficient of the
between Boesky’'s trades and contemporaneocsntemporaneous Carnation stock return is positive
stock price changes. That is, Carnation’s stock prieemd has a p-value of less than 0.01. In neither
appears to respond to the information embeddedriegression is the p-value of any of the lagged
Boesky'’s trading activity contemporaneously witindependent variables less than 0.10. It, thus,
his trades, but there also is some evidence of a lagpears unlikely that Boesky was simply trading
in the stock price reaction to Boesky’s purchasebehind stock price changes. The second of these
We now reverse the regression to address thegressions also permits some insight into another
guestion of whether stock price changes led Boeskyariation on the idea that Boesky traded so as to
buying activity. Here, we estimate two regressions. thisguise his trades behind other market activity. It
the first, the dependent variable is the number of shaggses as follows: Suppose that, rather than watching
purchased by Boesky as a fraction of total Carnatietock price changes as a guide for when to place
volume over each hour of the day. The independems orders, Boesky instead watched market volume.
variables are the contemporaneous hourly rate ©hat is, to disguise his actions, Boesky waited for
return on Carnation’s stock and the hourly rate of retuhigh volume days to place his orders. In that case,
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Table 4. Regression Analysis of Hourly Returns on Carnation’s Stock on Contemporaneous
and Lagged Boesky-Buying Over the Period January 1, 1984 Through August 31, 1984

In the regression, the dependent variable is Carnation’s hourly stock return. The independent variables are the hourly

returns on the three-month S&P 500 Index futures contract, non-Boesky Carnation trading volume, and contemporaneous

and three lagged measures of Boesky'’s buying volume. The p-values of the coefficient estimates are in parentheses below
the coefficients. The OLS estimation is based on adjusted White’s heteroscedasticity-consistent standard errors.

Independent Variables

1)

@y

@y

4y

Intercept 0.0002 0.0001 -0.0002
(0.452) (0.620) (0.383)
S&P 500 Index Futures -0.1476 -0.1505 -0.1773
(0.217) (0.206) (0.132)
Non-Boesky Carnation - 0.0000***
\Volume (0.001)
Boesky-Buying 0.0027** 0.0048*** 0.0000***
(0.029) (0.009) (0.000)
Boesky-Buying(-1) 0.0005 0.0012 0.0000*
(0.664) (0.486) (0.076)
Boesky-Buying(-2) 0.0018** 0.0031* 0.0000**
(0.050) (0.062) (0.014)
Boesky-Buying(-3) -0.0004 0.0013 -0.0000
(0.740) (0.462) (0.650)
R? 0.05 0.05 0.05

***Sjgnificant at the 0.01 level.

**Significant at the 0.05 level.

*Significant at the 0.10 level.
aThe Boesky-buying variable in column (2) is an indicator variable showing whether Boesky purchased Carnation stock diming. each
®The Boesky-buying variable in column (3) reflects his purchases during each hour divided by total Carnation volume durimg the h
‘The Boesky-buying variable in column (4) is the actual number of shares purchased by Boesky during each hour.

Boesky purchases should follow non-Boeskyune 1, 1984 hrough August 31, 1984. This correlation
trading volume. The regression provides no suppast0.102 with a p-value of 0.585. As a benchmark, the
for that conjecture either. That is, there is noorrelation between the return over any hour in which
significant correlation between Boesky’s tradin@@oesky did not trade and the return during the
activity andprior non-Boesky volume. subsequent hour is also calculated. This correlation is
-0.005 with a p-value of 0.993. Thus, neither of the
correlations is significantly different from zero.

The results in Table 4 do indicate a lagged positive

The results in Table 4 indicate that positive priceorrelation between the price changes during the hours
changes during the hours in which Boesky tradéd which Boesky traded and the price changes over
tended to be followed by further positive price changéBe second subsequent hour. The correlation
during the immediately subsequent hours. That is, tAeefficient computed here also bears out that effect.
data indicate that thepgitive price effect associatedSpecifically, the correlation between the return over
with Boesky’s purchases was not subject tie hoursin which Boesky traded and the return during
reversal. To examine the question in more detathe second subsequent hour is 0.311 with a p-value of
the correlation between the hourly wets during 0.090. The corresponding benchmark correlation
any hour in whictBoesky traded anthe hourly return between the return over the hours in which Boesky
over the subsequent hour is calculated for the peridtd not trade and the return over the second

B. Sequential Price Changes
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Table 5. Regression Analysis of Carnation Stock Purchases by Boesky Over the Period
January 1, 1984 Through August 31, 1984

In the first regression, the dependent variable is the number of shares purchased by Boesky during each hour divided by
the total Carnation volume during the hour. In the second regression, the dependent variable is the number of Carnation
shares purchased by Boesky during the hour. The independent variables are contemporaneous and lagged hourly Carnation
stock returns and contemporaneous and lagged hourly non-Boesky Carnation trading volume. The regression procedure
used is the two-stage Cochrane-Orcutt method given by

Y=ot EBX U R = PR g

whereo. andfs are the coefficients to be estimatgds the first order autoregressive parameter,sisdvhite noise. The
p-values of the coefficients are in parentheses below the coefficients.

Independent Variables

1) (2) (3)
Intercept 0.0231*** 3.6695
(0.000) (0.467)
Carnation Stock Return 1.9842** 1583.1000***
(0.008) (0.000)
Carnation Stock Return(-1) 0.5059 803.1100
(0.503) (0.830)
Carnation Stock Return(-2) 1.3293 861.0000
(0.790) (0.620)
Carnation Stock Return(-3) -1.0506 -938.4800
(0.158) (0.340)
Non-Boesky Carnation Volume 0.0079
(0.408)
Non-Boesky Carnation Volume(-1) 0.0125
(0.183)
Non-Boesky Carnation Volume(-2) 0.0197
(0.350)
Non-Boesky Carnation Volume(-3) 0.0121
(0.192)
First Order Autoregressive Parameter 0.1818*** 0.2931***
(0.000) (0.000)
R? 0.06 0.14

***Significant at the 0.01 level.
**Sjgnificant at the 0.05 level.

subsequent hour is -0.094 with a p-value of 0.101. question of whether the size of Boesky’s individual
These lagged correlations indicate that the pri¢eades had a differential impact on market price. For
effects associated with Boesky trades were nexample, it is intuitively reasonable to suspect that
reversed in subsequent hours. Indeed, rather thaBaesky’s large orders had a greater impact on price
price reversal, the correlations indicate that the pritkean did his small orders. However, as we noted at the
increases over the hours in which Boesky tradexitset, Barclay and Warner (1993) present evidence
tended to be followed by further price increases. that pre-acquisition stock price run-up is more highly
correlated with medium-sized orders than with either
large or small orders. They cast up their analysis in
The positive relationship between Boesky’s traddéerms of a stealth trading hypothesis in which informed
and price changes gives rise to a further intriguirtgaders attempt to disguise their trading activity by

C. Stock Price Changes and Trade Size
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trading primarily in medium-sized order quantitiesBoesky’s purchases had a continuing effect on the
Specifically, Barclay and Warner use a sample of 1@50ock price even after he traded in that stock price
NYSE-listed firms that were targets of 108 tender offechanges show a lagged correlation with Boesky'’s
over the period 1981 through 1984. They define smathdes. Additionally, it appears that Boesky’s large
trades as individual trades between 100 and 400 shatesjes had a more consequential effect on the stock
medium trades as individual trades between 500 apdce than did his small- or medium-sized trades.
9,900 shares, and large trades as individual trades of

10,000 shares or more. They report that “...medium- . .

sized trades are responsible for an estimated 92.8‘%!¥f Informed Trading, Bid/Ask

the cumulative price change...” during the period prior Spreads, and Market Depth

to the announcement of the tender offer.

We use the same categorization as Barclay and Warnee now turn to the relation between Boesky’s
to classify Boesky’s individual trades as small, mediuntrading and market liquidity. The theoretical literature
or large. Of Boesky’s 366 transactions, 81 transactions market microstructure provides the framework for
(totaling 17,300 shares or about 1% of Boeskysur empirical investigation. Arguably, the
purchases) were small, 241 transactions (totaling 692,48&rostructure literature of interest to us originates
shares or about 40% of Boesky’s purchases) wesith the intuitive insights of Bagehot (1971). Bagehot
medium, and 44 transactions (totaling 1,021,300 shamdsserves that a market maker trades with both informed
or about 59% of Boesky’s purchases) were large. and uninformed traders and that the market maker loses

To determine the relation between price changes amdtrades with informed traders and profits from trades
order size, we estimate three regressions. In eagith uninformed traders. The market maker’s challenge
regression, the dependent variable is the hourly raseto set the stock’s bid/ask spread at a sufficiently
of return on Carnation’s stock. The hourly return olow level so that it will not discourage order flow from
the S&P 500 Index futures contract is used as aninformed traders while setting it at a sufficiently
independent variable to control for changes in thdgh level so as to provide protection against trades
market index over the hour. The regressions difffrom informed traders. Many of Bagehot’s ideas
according to the variable used to indicate Boeskysibsequently have been modeled formally by authors
trade size. In the first regression, three indicateuch as Admati and Pfleiderer (1988), Copeland and
variables are used to identify when Boesky enteredzalai (1983), DeLong, Shleifer, Summers, and Waldmann
small, medium, or large trade during the hour. For t{#990), Easley and O’Hara (1987), Glosten and Milgrom
second regression, we construct a variable to indic1985), and Kyle (1985).
the fraction of the total volume each hour that is dueln these models, the market maker’s challenge is
to Boesky's small, medium, and large tradsecifically, to set the bid/ask spread wide enough so as to be
we construct Boesky’s small-trade variable for eadble to earn enough on trades with uninformed
hour by summing the total quantity of all of Boesky'sraders (alsaeferred to as liquidity and/or noise
small trades within that hour and dividing by the totataders) so as to compensate for losses incurred on
Carnation volume for that hour. Similarly, Boesky'srades with informed traders. In these models, the
medium-trade variable for each hour is the total quantépread is a function of the probability that any given
of all of Boesky’s medium-sized trades within that hourader is an informed trader. If the specialist
divided by the total Carnation trading volume for thaielieves that the probability of trading with an
hour. Boesky’s large-trade variable is constructed informed trader has increased, he will increase the
an analogous manner. In the third regression, the taspread. That is, informed traders have an adverse
number of shares traded each hour according to tragféect on the bid/ask spread and, therefore, have an
size is entered as the dependent variable. For examplgverse effect on market liquidity.
the small-trade variable is the total number of sharesHarris (1990) argues that the spread is only one
purchased with small trades during the hour. component of market liquidity. The other is market

The results are presented in Table 6. In ead®epth. On the NYSE, the quotes posted by the
regression, the coefficient of the large-trade variab$pecialist comprise the current bid and ask prices and
is positive and significant, but in no regression are thiee number of shares that can be bought or sold at
coefficients of the small- or medium-sized tradeach of those prices. Technically, bid depth is the
variables significant. number of shares that the specialist is willing to buy at

The analysis of Carnation’s stock price run-up prighe current bid price and ask depth is the number of
to the acquisition announcement indicates thahares that the specialist is willing to sell at the current
Carnation’s stock price moved contemporaneouséigsk price. From the perspective of market liquidity,
with Boesky's trades. There is also some evidence thispth indicates the number of shares that can be
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Table 6. Regression Analysis of Hourly Returns on Carnation’s Stock on Boesky’s Small,
Medium and Large-Sized Trades Over the Period January 1, 1984 Through August 31, 1984
In the regression, the dependent variable is Carnation’s hourly stock return. The independent variables are the hourly

returns on the three-month S&P 500 Index futures contract, hourly non-Boesky Carnation volume, and contemporaneous
hourly size-based Boesky-buying volume. The p-values of the coefficient estimates are in parentheses below the coefficients.

Independent Variables

(1) (2) (3) (4)
Intercept -0.0002 0.0001 -0.0002
(0.464) (0.543) (0.413)
S&P 500 Index Futures -0.1598 -0.1588 0.1741
(0.179) (0.182) (0.142)
Non-Boesky Carnation 0.0000*** 0.0000***
\Volume (0.008) (0.009)
Boesky-Buying Smatfl 0.0002 0.1162 0.0002
(0.952) (0.389) (0.625)
Boesky-Buying Mediurh -0.0008 -0.0014 -0.0000
(0.731) (0.811) (0.541)
Boesky-Buying Large 0.0028* 0.0062*** 0.0000***
(0.093) (0.010) (0.001)
R? 0.03 0.02 0.03

***Significant at the 0.01 level.

*Significant at the 0.10 level.
“The “Boesky-buying small” variable in column (2) is an indicator variable showing whether Boesky entered an order for 100-400
shares of Carnation stock during the hour. The same variable in column (3) is the sum of the orders entered for 100-400 shares
Carnation stock by Boesky during the hour divided by the total Carnation volume during the hour. Finally, the “Boesky-bai{fing sm
variable in column (4) is the sum of the orders entered for 100-400 shares of Carnation stock by Boesky during the hour.
"The “Boesky-buying medium” variable in column (2) is an indicator variable indicating whether Boesky entered an order for 500-
9,900 shares of Carnation stock during the hour. The same variable in column (3) is the sum of the orders entered for 500-9,900
shares of Carnation stock by Boesky during the hour divided by the total Carnation volume during the hour. Finally, the “Boesky
buying medium” variable in column (4) is the sum of the orders entered for 500-9,900 shares of Carnation stock by Boesky dusmg the ho
‘The “Boesky-buying large” variable in column (2) is an indicator variable indicating whether Boesky entered an order foorl0,000
more shares of Carnation stock during the hour. The same variable in column (3) is the sum of the orders entered fomid@¥®00 or
shares of Carnation stock by Boesky during the hour divided by the total Carnation volume during the hour. Finally, thebtiBwesky
large” variable in column (4) is the sum of the orders entered for 10,000 or more shares of Carnation stock by Boeskg Hating th

traded with no effect on market price. In “deep” marketgjve an incomplete portrayal of the effect of inside

many shares can be traded with little or no effect daraders on market liquidity.

market price, whereas in “shallow” markets, even a

relatively small trade can affect price. , .
A corollary prediction of the adverse selecti0|¥' BPGSkYS Trading and Market

models of the market maker is that the depth of the Liquidity

market declines as the probability of trading with an

informed trader increases. The intuition that underliesTable 7 provides an overview of spreads and depth

this prediction is the same as for the predicted effeat Carnation’s stock for the period January 1, 1984

of informed trading on the spread. If the market makéirough August 31, 1984. The exhibit presents the

believes that an informed trader has entered the markaterage quoted dollar spread, the average effective

he will attempt to reduce his exposure to losses frospread, the average bid and ask depths, and the

trading with the informed trader. One way to reducaverage daily trading volume on a month-by-month

that exposure is to reduce the number of shares basis for the period January through May of 1984. The

which the market maker will transact at the current baverage quoted spread is the equal-weighted average

and ask quotations. Thus, an examinatbonly the of all quoted spreads from the ISSM database for the

spread in the presence of an informed trader couklevant time interval. To compute the average effective
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spread, an effective spread is calculated for eagligust period is much greater on Boesky-buying days
transaction as twice the absolute difference betweeran on non-Boesky-buying days, and both bid and
the mid-point of the prevailing quoted spread and tlask depths are somewhat greater on Boesky-buying
transaction price at which the trade occurred (Garfinkehys than on non-Boesky-buying days. During the
and Nimalendran, 1995). The average effective spreawhe through August period, however, both volume
is the equally weighted average of all such computadd bid and ask depths are much higher than during
effective spreads. Finally, the average ask and Hkite first five months of the year. On average, during
depths are the equal-weighted averages of all quothtche through August, daily volume is roughly twice
bid and ask depths. For example, the average ask degghgreat on Boesky-buying days as on non-Boesky-
during the month of January is the average of all quotbdying days. On average, Boesky’s trades account
ask depths recorded during the month. for 48% of the incremental volume on the Boesky-
The average quoted bid/ask spread over the filmying days, while non-Boesky trades account for the
five months of 1984 shows only modest month-taemaining 52% of the incremental volume.
month variation. To the extent that there is variation inOur overview of bid/ask spreads and depths
the quoted spreads, it is that the average quoted sprimaticates that Boesky’s trading activity had, at best, a
is lower in May than in the first four months of thenodest impact on spreads and, if there was any effect
year. Likewise, the effective spreads over the first fiven depths, it was that his trading increased depth.
months of the year show modest month-to-mon#rom our analysis of price and trading volume in Section
variation. The average depths and volume shadW, it also appears to be the case that Boesky’s trading
somewhat greater month-to-month variation ovexctivity actually attracted additional trading volume.
the first five months of the year. Again, however, ithe data in Table 7 support that proposition as well.
is May that differs from the first four months of the The apparent absence of any consequential adverse
year. During May, the average bid and ask deptkffect of Boesky’s trading on bid/ask spreads and
and average daily volume are greater than durimgarket depth could arise because there are two
the first four months of the year. offsetting effects at work in the market. On the one
The exhibit also presents average bid/ask spreatland, the presence of an informed trader (i.e., Boesky)
depths, and daily volume for the period June througiould tend to have the effect of widening the bid/ask
August of 1984 Over this period, the days arespread and reducing the willingness of the market
classified as either Boesky-buying days, of which themeaker (and other traders) to provide depth at the
are 20, or non-Boesky-buying days, of which there are 3guoted bid and ask prices. On the other hand, the
For the period June through August, the averagelditional volume that Boesky attracted could
guoted bid/ask spread of 0.333 on Boesky-buying dasepresent trades by uninformed (or “noise”) traders.
is essentially identical to the spread of 0.334 on nofihe presence of additional uninformed traders (and
Boesky-buying days. The average quoted spreads #re profits to be made therefrom) could have offset
marginally higher during the June through Augughe market maker’s losses to the informed trader such
period than during May, but they are lower durinthat the market maker was willing to keep the bid/ask
June through August than during the first four montlspread “narrow” and to offer greater depth at the
of the year. As regards the effective spreads, for thaoted bid and ask prices. In our macroscopic look at
period June through August, the average effectitiee data, these offsetting effects could net out.
spread of 0.220 on the days on which Boesky traded iFo take a closer look at the relation between Boesky’s
marginally higher than the average effective spreadtwéding and bid/ask spreads, a regression is estimated
0.208 on which Boesky did not trade. The p-value fam which the dependent variable is the average quoted
the difference is 0.101. Similarly, the average effectivd@d/ask spread over each hour of the day and the
spread on days in which Boesky traded is marginaliydependent variables are Boesky’s trading volume
higher than average effective spreads during the fiestd total non-Boesky trading volume in Carnation
five months of the year. Contrarily, the average effectivliring the hour. In each hourly interval, the average
spread on non-Boesky buying days during Jumpioted spread is the average of all quoted spreads
through August is marginally lower than average effectiweithin that hour. The regression is based on 765 hourly
spreads during the first five months of the year. intervals between January 1, 1984 and August 31, 1984
Average daily volume during the June througfor which data are available. The results of the
regressioff with quoted spreads are presented in the

Unfortunately, some of the trading days within this period arsecond column of Table 8. The coefficient of Boesky’s
missing from ISSM’s records. Specifically, there are no records for

June 29, July 12, July 13, August 6 through August 10, and Augtecause preliminary diagnostics revealed significant serial
31, 1984. As mentioned before, August 7, 8, 9, and 10, coinciderrelation in the error terms, the two-step Cochrane-Orcutt
with four (out of 24) days on which Boesky purchased stock. method is used to estimate the regression.
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Table 7. Overview of Average Bid/Ask Spreads, Bid Depth, Ask Depth, and Trading Volume
in Carnation’s Stock Over the Period January 1, 1984 Through August 31, 1984

The effective spread is computed as twice the absolute difference between the transaction price and the prevailing

guoted spread midpoint. The average (quoted and effective) spreads are reported in dollars. The average ask and bid
depths and the average daily volumes are reported in round lots of 100 shares. The average standard deviation of
each variable is given in parentheses below. The standard deviations are computed on a daily basis. The monthly

averages are the average of the daily standard deviations.

Days on Days on
Which Which
Boesky Boesky Did
Bought Not Buy
Variable January February March April May June-August  June-August
Avg. Quoted 0.341 0.364 0.384 0.356 0.320 0.333 0.334
Bid/Ask (0.0522) (0.0826) (0.1150) (0.0654) (0.0527) (0.0543) (0.0646)
Spread
Avg. Effective 0.193 0.200 0.214 0.216 0.212 0.220 0.208
Bid/Ask (0.0307) (0.0547) (0.0597) (0.0269) (0.0318) (0.0432) (0.0264)
Spread
Avg. Ask 11.150 9.580 10.600 5.930 18.330 26.650 21.080
Depth (9.33) (7.21) (7.19) (4.85) (8.43) (15.112) (11.60)
Avg. Bid 12.350 20.120 12.000 8.620 23.430 28.000 25.000
Depth (8.43) (15.60) (10.00) (8.15) (10.57) (12.48) (12.66)
Avg. Daily 497.400 562.900 222.100 303.700 865.000 3060.000 1554.400
Volume (95.1) (140.9) (54.1) (58.9) (168.9) (465.6) (197.8)

trading volume is positive and the coefficient of norstatistically significant with p-values ranging from
Boesky volume is negative, but neither is statistically.000 to 0.042. These results indicate that, not only did
different from zero at any reasonable level oBoesky’s trading not have an adverse effect on market
significance. The p-values of the coefficients are 0.92&pth, but his trading actually appears to have had a
and 0.380, respectively. significant positive effect on depth. The positive
The same regression is estimated using the averagefficient on Boesky volume, in the ask-depth
effective spread as the dependent variable. The resuéigression, suggests that traders were actually lining
are presented in the third column of Table 8. In thigp to sell to Boesky.
case, the coefficient of Boesky’s trading volume is For symmetry with our analysis of the effect of
positive but, with a p-value of 0.840, is not significanBoesky’s trades on price, we also estimate the spread
The one peculiar result of this regression is that tla@d depth regressions with lagged Boesky volume and
coefficient of the non-Boesky volume is also positivlagged non-Boesky volume (with lags of one, two, and
with a p-value of 0.080. three hours), and westimate regressions with size-
We now take a closer look at the data to determibb@sed Boesky buying volume. The spread and depth
whether Boesky'’s trading activity had any significantegressions with lagged independent variables are
effect on either bid or ask depth. To do so, we estimatported in Table 9. In the regression in which the
two regressions—one in which the dependent varialllependent variable is the average quoted spread,
is average bid depth over each hour of the trading didne coefficients of non-Boesky volume are negative
and one in which the dependent variable is the averagetemporaneously and at each lag, but none have
ask depth over each hour of the trading day. In bophvalues less than 0.10. Contemporaneous Boesky
regressions, the independent variables are Boeskydume has a positive coefficient, as does the first
trading volume during the hour and non-Boeskyiour lag, but the second and third hour lags have
trading volume during the hour. The results aneegative signs and none have p-values below 0.10.
presented in the fourth and fifth columns of Table 8In the regression in which the dependent variable
In both regressions, the coefficients of both Boesky the average effective spread, the coefficient of
volume and non-Boesky volume are positive anithe contemporaneous and lagged non-Boesky
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Table 8. Regression Analysis of Bid/Ask Spreads, Bid Depths, and Ask Depths for Carnation’s

Stock Over the Period January 1, 1984 Through August 31, 1984

In the regression, the dependent variables are the hourly average quoted bid/ask spread, the hourly average effective bid/
ask spread, the hourly average bid depth, and the hourly average ask depth. The independent variables are the

contemporaneous hourly non-Boesky Carnation trading volume and the contemporaneous hourly Boesky-buying volume.
The regression procedure used is the two-stage Cochrane-Orcutt method given by

Y, =0t EBX, + M = Pl g,

wherea andfs are the coefficients to be estimatgds the first order autoregressive parameter,&isdvhite noise. The
p-values of the coefficients are in parentheses below the coefficients.

Quoted Bid/Ask Effective Bid/Ask
Independent Variables Spread Spread Bid Depth Ask Depth
1) (2) (3) 4) (5)
Intercept 0.3422%** 0.2128*** 17.2270%** 15.7650%**
(0.000) (0.000) (0.000) (0.000)
Non-Boesky Carnation -0.0000 0.0000* 0.0125%** 0.0044**
Volume (0.380) (0.080) (0.000) (0.014)
Boesky-Buying 0.0000 0.0000 0.0201*** 0.0121**
(0.922) (0.840) (0.0112) (0.042)
First Order Autoregressive 0.3021*** -0.1626*** 0.3922*** 0.4661***
Parameter (0.000) (0.000) (0.000) (0.000)
R? 0.10 0.04 0.23 0.26

***Significant at the 0.01 level.
**Significant at the 0.05 level.
*Significant at the 0.10 level.

volume alternates signs and none have p-valuleased variables to represent Boesky’s small, medium,
less than 0.10. In short, there is no evidence ofaad large trades. In these regressions, the trade-size
lagged or contemporaneous effect of Boeskyisriable is the sum of Boesky’s small, medium, or large

trades on bid/ask spreads. trades during the hodf.

In both the bid and ask depth regressions (presentetlone of the trade-size variables is significant in
in columns 4 and 5 in Table 9), the contemporaneoegher of the spread regressions. That is, not even
Boesky volume has a positive and significarBoesky’s large trades had a significant impact on
coefficient (p-values = 0.018 and 0.070, respectively§.arnation’s quoted or effective bid/ask spreads. In
The coefficients of the lagged Boesky volume arfeoth the bid and the ask depth regressions, however,
sometimes positive and sometimes negative and naely the large-size variable is statistically
have p-values that are even close to 0.10. Contrardygnificant. That is, it was Boesky’s large trades
both the contemporaneous and lagged coefficientstbht attracted bid and ask depth.
non-Boesky volume are significant and positively
correlated with bid and with ask depth. In short, to thg|  Conclusion
extent that Boesky’s trading attracts depth, the effect
is short-lived. To the extent that high market volume During the summer of 1984, lvan Boesky purchased
attracts depth, the effect appears to last for several howsger 1.7 million shares of Carnation stock prior to an

The results of the regressions based on the sizeaphouncement on September 3, 1984 that Nestlé would
Boesky's trades are presented in Table 10. Columra2quire Carnation. Also during the summer of 1984,
contains the results when the dependent variableGarnation’s stock experienced a run-up in price of
average hourly quoted spread, column 3 contains tteughly 26%. Subsequently, Boesky admitted to
results when the dependent variable is the averawgving purchased Carnation’s stock on the basis of
hourly effective spread, and columns 4 and 5 present
results when the dep?ndent Va.”ables are bid _dempor example, the small-size variable is the sum of Boesky’s
and ask depth, respectively. The independent variables,||sized purchases during the hour, and so on for the
are contemporaneous non-Boesky volume and sizetkdium- and large-size variables.
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Table 9. Regression Analysis of Bid/Ask Spreads, Bid Depths, and Ask Depths of Carnation’s

Stock with Lagged Independent Variables Over the Period January 1, 1984 Through

August 31, 1984

In the regression, the dependent variables are the hourly average quoted bid/ask spreads, the hourly average effective bid/
ask spreads, the hourly average bid depth, and the hourly average ask depths. The independent variables are

contemporaneous and lagged hourly non-Boesky Carnation trading volume and contemporaneous and lagged hourly
Boesky-buying volume. The regression procedure used is the two-stage Cochrane-Orcutt method given by

Y, = 0 EBX, G = PU, g,

wherea andfs are the coefficients to be estimatgds the first order autoregressive parameter,&isdvhite noise. The
p-values of the coefficients are in parentheses below the coefficients.

Quoted Bid/Ask Effective Bid/Ask
Independent Variables Spread Spread Bid Depth Ask Depth
(1) (2) (3) 4) (5)
Intercept 0.34684*** 0.21403*** 14.64600%** 11.05500***
(0.000) (0.000) (0.000) (0.000)
Non-Boesky Carnation -0.00001 0.00002 0.01243*** 0.00717***
Volume (0.413) (0.122) (0.000) (0.000)
Non-Boesky Carnation -0.00001 -0.00001 0.00279 0.01336
Volume (-1) (0.254) (0.524) (0.179) (0.000)
Non-Boesky Carnation -0.00001 0.00000 0.00657*** 0.00483***
Volume (-2) (0.156) (0.842) (0.001) (0.007)
Non-Boesky Carnation -0.00000 -0.00000 0.00489** 0.00425**
Volume (-3) (0.853) (0.801) (0.015) (0.016)
Boesky-Buying 0.00001 0.00001 0.01896** 0.00991*
(0.733) (0.764) (0.018) (0.070)
Boesky-Buying (-1) 0.00001 0.00001 0.00555 -0.00050
(0.727) (0.793) (0.488) (0.943)
Boesky-Buying (-2) -0.00000 0.00005 -0.00602 -0.00017
(0.991) (0.144) (0.460) (0.900)
Boesky-Buying (-3) -0.00001 -0.00002 -0.00006 0.00392
(0.735) (0.604) (0.994) (0.285)
First Order 0.295271*** -0.16257*** 0.36782*** 0.40228***
Autoregression Parameter (0.000) (0.000) (0.000) (0.000)
R? 0.10 0.04 0.25 0.31

***Significant at the 0.01 level.
**Significant at the 0.05 level.
*Significant at the 0.10 level.

illegally obtained inside information. Because o$ignificantly correlated with daily and hourly changes
litigation surrounding this event, a detailed record af Carnation’s stock price. When we estimate various
Boesky’s purchases of Carnation’s stock waagged regressions, we find no correlation between
compiled. We use these data to investigate the effg@eior price changes or prior non-Boesky trading volume
of informed trading on stock price, trading volumeand Boesky’'s purchases.
and market liquidity. In keeping with other recent We also examine Carnation’s quoted and effective
empirical work, we examine both bid/ask spreads ahitl/ask spreads and bid and ask depths during the
bid and ask depths as proxies for market liquidity. periods of Boesky’s trades to determine whether the
We find that Boesky’s purchases are positively amtesence of an informed trader had an adverse effect
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Table 10. Regression Analysis of Bid/Ask Spreads, Bid Depths, and Ask Depths of Carnation’s
Stock with Size-Based Boesky Trades Over the Period January 1, 1984 Through August 31,
1984

In the regression, the dependent variables are the hourly average quoted bid/ask spreads, the hourly average effective bid/
ask spreads, the hourly average bid depths, and the hourly average ask depths. The independent variables are the
contemporaneous hourly non-Boesky Carnation trading volume and the contemporaneous size-based hourly Boesky-
buying volume. The regression procedure used is the two-stage Cochrane-Orcutt method given by

Yo = 0 IBX UGB =P HE,

wherea andfs are the coefficients to be estimatgds the first order autoregressive parameter,sisdvhite noise. The
p-values of the coefficients are in parentheses below the coefficients.

Quoted Bid/Ask Effective Bid/Ask
Independent Variables Spread Spread Bid Depth Ask Depth
(1) (2) (3) (4) (5)
Intercept 0.3419*** 0.2125*** 17.2970%*** 15.7090***
(0.000) (0.000) (0.000) (0.000)
Non-Boesky Carnation -0.0000 0.0000 0.0125*** 0.0044**
Volume (0.366) (0.114) (0.000) (0.014)
Boesky-Buying Smafl -0.0015 -0.0023 -0.2235 0.0477
(0.687) (0.551) (0.750) (0.911)
Boesky-Buying Mediurh 0.0002 0.0003 -0.0019 0.0163
(0.180) (0.120) (0.901) (0.600)
Boesky-Buying Large -0.0001 -0.0000 0.0290*** 0.0101**
(0.227) (0.524) (0.004) (0.025)
First Order Autoregressive 0.2998*** -0.1610%*** 0.3940*** 0.4679***
Parameter (0.000) (0.000) (0.000) (0.000)
R? 0.11 0.04 0.23 0.26

***Sjgnificant at the 0.01 level.
**Significant at the 0.05 level.
aThe “Boesky-buying small” variable is the sum of the orders entered for 100-4@&@ssbf Grnation stock by Boesky
during the hour.
"The “Boesky-buying medium” variable is the sum of the orders entered for 500-9,900 shares of Carnation stock by Boesky
during the hour.
‘The “Boesky-buying large” variable is the sum of the orders entered for 10,0@@ssbf Camation stock by Boesky
during the hour.

on market liquidity. Weind little (or no) evidence on which Boesky did not trade. Furthermore,

that Boesky’s trades had any adverse effect @&oesky’s trades accounted for about 50% of the
spreads in Carnation’s stock—not even during thiecremental trading volume and non-Boesky trades
hours in which Boesky traded most heavily and naccounted for the remaining 50% of the incremental
even during the hours when he entered his largestiume on these days.

trades. Similarly, we find that Boesky's trades had The virtue of analyzing a specific case such as
no adverse effect on either bid or ask depth. Indee®ipesky’s trading in Carnation is that data can be
to the extent that Boesky’s trades had any effect ewamined microscopically. The disadvantage is the
depths, his trades appear to have increased baticertainty as to whether the results can or should
bid and ask depth. It also appears to be the cdsegeneralized to a larger population or to a different
that Boesky's trading attracted non-Boesky tradingme period. lremains to be seen if other studies using
volume—on the days on which Boesky traded, totalmilar data on insider trading episodes uncover
trading volume was twice as great as on the dagesults similar to the ones reported helie.
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