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Abstract: Enforcing regulators worldwide are mandated to discourage the use of privileged undisclosed information
in security trading, as it may distort the true relative prices of securities and may lead to a market failure. This may
be an impossible task, given the huge number of indications of such suspicious activity. Deviations of the bid-ask
spreads from the optimal spreads provide real-time indications that some market participants may possess undis-
closed privileged information. If we relied only on the real-time information that the bid-ask spreads deviate from
the theoretical optimal spreads, our 3-years sample would generate over 11M deviations. This quantity of indications
is unmanageable, both for the enforcing regulator, and for the uninformed market participants.

In this study, we construct a mechanism that will enable market participants to significantly reduce the number of
suspected cases to a manageable number. We establish an ex-post calibrated likelihood index that estimates the like-
lihood that profit-oriented traders desire to exploit undisclosed privileged information that they possess. Our mecha-
nism is based on the hypothesis that at any point in time when the likelihood index that predicts how likely traders
are to exploit privileged information is positively correlated with an abnormal increase in the bid-ask spreads, then,

probabilistically, these transactions should be suspected cases of illegal price-distorting trading.

Keywords: Insider trading, Privileged information, Bid-ask spread.

1. INTRODUCTION

The legal prohibition on the use of private information is
hardly a consistent one when it comes to the definition of
illegal use of privileged information. Insiders, who are likely
to possess superior privileged information, are allowed to
trade provided that they report and disclose their trades,
while a trader who is not labeled as an insider is prohibited
from trading while utilizing superior private information.
The majority of studies that have been done regarding the
use of privileged information analyze the impact of reported
insider trading. Uninformed traders may not accurately as-
sess the information content of the news regarding insider
trading, as the motivation for this trading could be unrelated
to whether or not insiders who trade possess privileged un-
disclosed information. Thus, the market underreact or mod-
erately reacts to publicly released information that an insider
has traded, and excess returns subsequent to news of insider
trading is not in violation of market efficiency.

On the other hand, it may be "too late" for the uninformed
trader who follows reported legal insider trading, as insiders
may rationally continue to extract excess returns as long as
the market price does not fully reflect the full value of the
privileged information that they possess. This may not be the
case in the event of illegal undisclosed trading that utilize
privileged information, because the well-informed traders try
to conceal any indications of their activity. This is also the
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obvious reason why the empirical results for such indications
are inconclusive.

Tracing indications of unreported trades, which rely on privi-
leged information, is an important issue for both uninformed
traders and the regulators who use, among other techniques,
sophisticated electronic surveillance methods. Yet, the role
of the regulators is to discourage such trading rather than
serving as an informational tool, as the regulators' actions are
not known to the public in real time. Thus, the sole remedy
available for an uninformed trader is to rely on probabilistic
methods, i.e., tracing indications of illegal trading that may
increase the probability that they may obtain excess returns.

Our focus in this paper is to assess the existing methods for
tracing indications of trades that rely on privileged infor-
mation and to propose a different approach to this issue. We
do not wish to dwell on the following issues, which have
attracted the attention of researchers in the past sixty years.
First, we do not wish to address the core issue of whether the
use of privileged information in security trading should be
banned or partially allowed. Grossman (1976), Grossman
and Stiglitz (1980), Fishman and Hagerty (1992), Leland
(1992), and others, argue that the use of privileged infor-
mation may deter uninformed traders from participating in
the market, thereby leading to a market failure. On the other
hand, Mann (1966) Kyle Foster and Viswanathen
(1985,1993) and Smith and Watts (1992) argue that allowing
the use of privileged information increases market efficiency
as new pieces of information arrive to the market sooner
rather than later. Thus, the balance of costs and benefits as a
result of the use of privileged information may be in favor of
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legitimizing such trading. Kraizberg (2000) argues that the
ultimate beneficiary of the use of privileged information may
be the firm's shareholders if the benefits of such trading are
embedded in an insiders' market-set compensation package.
Seyhun (1992) argues that empirical evidence indicates that
stronger enforcement measures against the use of privileged
information do not deter this illegal activity. Kim and Ver-
rocchio (1997) and Agarwal and Nasser (2012) put forward
the interesting thesis that it may be beneficial to those who
trade on privileged information to disclose it to the public,
obviously after they trade, since prices may increase further
after the disclosure.

Second, we do not wish to dwell on the definition of "insid-
ers" who may or may not possess privileged information. Lin
and Howe (1990), losco (2003) snd Minenna (2003), classify
insiders based on the firm's internal hierarchy. Holden and
Subrahmanyam (1992) classify insiders by the type of in-
formation, i.e., short versus long term information.*

Third, we do not wish to analyze the implications of empiri-
cal studies that have traced positive excess returns following
the announcement of insider trading (Rogof (1964) and
Glass (1966) find excess returns of over 9% in the US, and
many subsequent studies demonstrate similar results (Pratt
and DeVere 1970; Lorie and Niederhoffer1968; Jaffe 1974;
Finnerty 1976; Lin and Howe 1990; Givoly and Palmon
1985; Damodaran and Liu 1993; Kumar and Pupesco 2014).
Other studies that were performed outside the US demon-
strate similar results (Del Brio et al. 2002 in Spain; Marshall
and Hiller 2002 in UK; Hauser and Kraizberg 2003 in Israel;
Thalassinos et al.2012 in Greece; Mudalige et al. 2016 in
Australia).

We need, first, to define the “event” as a piece of significant
news that is released to the public on a certain date, exclud-
ing news released after insiders trading data becomes public.
The significance of the news is assessed ex-post based on the
market reaction after the news is released. The most common
events that are studied in the literature are mergers and ac-
quisitions, quarterly reports and dividend changes (Keown
and Pinkerton 1981; Meulbroek 1992; Zdanowicz 1992;
King 2009; Agrawal and Nasser 2012; Sunderman 2014).

There are three types of methodologies that are used in the
literature, either to detect the use of undisclosed privileged
information, or to assess the informational content of the
disclosure of data regarding insider trading. The first ap-
proach utilizes Cumulative Abnormal Returns as a potential
indication of the use of privileged information. The CAR is
computed using a single market factor or multiple factors
(see MacKinlay 1997, for a summary). The CAR is defined
as follows:

[CAR|, = [ AR,dt, (1)
The AR is based on a single-factor model,

AR =(R;-R")-5,(R,—R")=R - AR, @

! See also Kyle (1985) ;Glosten and Milgrom (1985) ;Easley and O'Hara
(1987) ;Hirshleifer (1971) ;Fama and Laffer (1971) ;Easley, Kiefer and
O'Hara (1997)

Review of Economics and Finance, 2020, Vol. 18, No. 1 163

where R; is the actual return of security j, Rm is the market
return and R' is the riskfree rate of return for a period of t-t.

Eq. (2) represents the common way of computing the CAR
for traders who follow the news that insiders have just re-
ported their trades.

Jaffe (1974) expresses (2) in terms of the residuals:

R; — BR, =¢; and thus,

CAR| =[ &, dt ®)

Note, however that the actual CAR for traders who exploit
privileged information is significantly higher. For positive
news, (2) is an accurate description of the CAR, but for
negative news, it is either twice the absolute value of (2) if
they can sell short, or the absolute value of (2) if they sell
their prior holdings before the news is released. Since we
have no way to know the actual CAR of those who exploit
privileged information, the simple CAR in (2) is used to de-
tect such activity. For example, Meulbroek (1992) reports
the CAR as an indication of trading that utilizes privileged
information. Huang and Lin (2007) detect positive excess
returns prior to the release of quarterly reports. Chakravarty
and McConnell (1999) find that activities of court-confessed
users of privileged information prior to the "event" is not
statistically significant. Givoly and Palmon (1985) and
Morse and Richardson (1984) raise some doubts about the
above results by reporting excess returns following insider
trading even in the absence of specific “events”. Further-
more, Lakonishok and Lee (2001) argue that the main reason
for insiders' sale orders is the need for liquidity rather than
an attempt to benefit from privileged information.

The use of the simple CAR in (2) as a single indication of
the use of privileged information may be problematic for
several reasons. The most critical issue is the identification
of the factors (single or multiple) that define the so-called
normal return. In other words, if the factors are not accurate-
ly identified, deviations from zero excess returns may be
explained by factors other than the use of privileged infor-
mation. Furthermore, estimation of the coefficients of the
factors would have change, had we known the nature of the
new information.

The second common approach to detecting the use of privi-
leged information utilizes technical indicators such as unusu-
al trading volume or unusual changes in volatility. The first
such study was conducted by Tinic and West (1972), fol-
lowed by Morse (1980), Kyle (1985), Admati and Pfleiderer
(1988), Cornell and Sirri (1992), Gervais, Kaniel and
Mingelgrin (2001), and others.?

The third well-established approach utilizes significant
changes in the bid-ask spreads as indications of the use of
privileged information. Demsetz (1968) and Bagehot (1971)
suggest that profit-oriented market makers price the risk of
undetected trades that rely on superior privileged infor-
mation, by setting the bid-ask spreads accordingly. The liter-

2 Kim and Verrecchia (1991);Keown et al. (1992);Bassembinder et al.
(1996);Bamber et al. (1999);Easley et al. (2008);Sarkar and Schwartz
(2011);Foucault et al. (2011);Chordia et al. (2011);Moshirian et al.
(2012);Chae and Yang (2013);Hsieh (2013);Hendershott et al.
(2015);Mudalige et al. (2016).
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ature on profit-oriented market makers, who set the bid-ask
spreads, incorporates both the expected profits that are gen-
erated by the market participation of uninformed traders and
the expected losses that may be generated by the market par-
ticipation of traders who possess superior privileged infor-
mation. A theoretical formulation of the idea is given in
Garman (1976), Stoll (1978), Easley and O’Hara (1987), Ho
and Stoll (1981), Copeland and Galai (1983) and Glosten
and Milgrom (1985).

Empirical evidence that the bid-ask spreads can serve as ear-
ly warnings of insider trading are not conclusive. The gen-
eral view is that the conclusion depends on how significant
the news is that is about to be released to the public. For ex-
ample, Conard and Niden (1992) report no significant
changes in the bid-ask spreads before quarterly reports are
released, and Tripathy and Rao (1992) even report a decline
in the spreads before these events. Venkatesh and Chiang
(1986) report an increase in the spreads before quarterly re-
ports only when they are accompanied by an unexpected
increase in dividends or when firm's announce tender offers
to buyback their shares. Barclay and Smith (1988) and
Conard et al. (1991) report increases in the spreads when the
upcoming news is related to mergers and acquisitions. Foster
and Viswanathen (1990, 1993) and Lee et al. (1993) report
increases in the spreads only when the news that is yet to be
released is significant. Chung and Charoenwong (1998) find
that a longer-term policy of the market makers, as opposed to
an intra-day policy, in setting the spreads changes over time
as a function of the likelihood of participation of traders with
privileged information. Bettis, Coles and Lemmon (2000)
report an 8.5% decline in the spread in days in which insider
trading was prohibited. Coughenour and Shastri (1999)
demonstrate that firm size, trading volume and volatility
fully explain the changes in the bid-ask spreads. 3

This study differs in various ways. First, it establishes a the-
oretical framework in which the key variable is the bid-ask
spread, in the absence of profit-motivated market makers.
The changes in the bid-ask spreads are adjusted for changes
in the intra-day volatilities of the underlying securities. Then,
it establishes an ex-post calibrated likelihood index that in-
cludes ex-post observations after the "event", such as, the ex-
post CAR for traders with privileged information, who are
assumed to properly predict the market reaction to the dis-
closed news. The likelihood index is calibrated ex-post for
the whole sample of events so that the fixed weights of the
components of the index are set. This paper hypothesizes
that when the changes in the bid-ask spreads are correlated
with the likelihood index, the probability of trades that rely
on privileged information increases. In other words, devia-
tions of the bid-ask spreads from the optimal* bid-ask
spreads, at any point in time prior to the event, serve as indi-

8 See also, Chakravarty, Fishe and McConnell (1997), Garfunkel and
Nimalendran (2001), Gleason (2002), who test the spreads following reports
of insider trading, Easley, Kiefer, O’Hara and Paperman (1996), Easley,
O’Hara and Paperman (1998), Easley, O’Hara and Saar (2001), Easley,
Hvidjkaer and O’Hara (2002), Easley and O’Hara (2004), Vega (2006),
Odders-White and Ready (2006).

4 See the framework for establishing optimal bid-ask spreads in the next
section. The changes in the optimal spread are adjusted for other parameters
such as changes in volatility.
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cations of suspected trades that rely on private information,
if these changes are positively correlated with the likelihood
index.

2. THE MODEL

2.1. Market Participants

We identify three groups of players; uninformed traders
(UT) who have long investment horizon and informed trad-
ers (IT), who execute short-term trades and have a better
knowledge of the true securities prices that are evaluated
based on all publicly available information. The latter set the
bid-ask spreads, expecting short-term profits when unin-
formed traders of opportunity come to the market.®> The third
group of participants, (IN), are profit-seekers who trade
when they have privileged information that suggests that the
true price is different from the one evaluated based on pub-
licly available information. Some of the IN, who may be
labeled as "insiders", report their trades ex-post and some do
not. The point of reference or the "event" is the date on
which a significant piece of news is disclosed and becomes
public knowledge.

2.2 Contemporaneous Prices

At any point in time, there are three different prices for the
same the security: the bid price, the ask price and the true
price that reflects all publicly available information. The
homogeneous IT are assumed to have a better knowledge of
the true price which, according to their valuation, fluctuates
between the bid and ask prices.

Prices fluctuate in a continuous fashion; therefore, we make
a fairly strong, yet common assumption that IT can replicate
a position at the true price by using substituted securities.
This enables IT to extract arbitrage profits when the true
price fluctuates between the bid and ask prices. UT, on the
other hand, may be aware that the executed transactions at
the bid and ask prices command a premium, in relation to the
true price, but they are willing to pay this premium in ex-
change for immediacy (Demsetz 1968). IN are assumed to
know the incremental value of the privileged information
that they possess.

2.3. The Setting

We analyze two scenarios, each with two sub-scenarios: (i)
IT refrain from holding any security at any point in time and,

% The empirical part of this study is done in the Tel Aviv Stock Exchange.
Thus, the role of the market makers is omitted because the market makers in
the TASE receive indirect benefits for being market makers, and not the
traditional direct trading benefits that, for example, market makers in the US
may extract. The Israeli SEC enacted the system of market makers in 2003.
As of 2017 there were market makers for only 247 securities. Market
makers are obliged to provide bid-ask spreads during the entire trading day,
except for a 100-minute break. The required minimal amount for each side
of a spread is negligible (200020000 NIS) and the spread may not exceed
2%-8%, depending on the category of securities. In exchange, the market
makers receive benefits, which are unrelated to the actual trading of the
securities that they provide the bid-ask spreads for. There is an extensive
body of literature analyzing the role of market makers in the US, with
various assumptions such as risk attitude, horizon, size, etc. See Armstrong
(1995) for a good summary.
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trading is (a) halted, or (b) not halted, after a release of new
information. (ii) IT hold one unit of a security at any point in
time, and, trading is halted or not after a release of new in-
formation.

2.3.1. IT Holds no Position

Hypothetically, assume the absence of IN; i.e., only IT and
UT trade in the marketplace. The optimal strategy of IT, who
maximizes their expected gains in the event of an order of
opportunity on the part of UT, is to insert orders at the bid
and ask prices, and to adjust them continuously as the true
price changes. In the event of halted trading after any an-
nouncement of a new piece of information, which allows IT
to adjust their bid-ask spreads, the sole source of uncertainty
is the likelihood that UT will place an order. In other words,
the expected payoff is always nonnegative, which obviously
constitutes an arbitrage opportunity.

If UT executes an order to sell to IT at the bid price, IT will
simultaneously buy a replicated position using substituted
securities. If, however, UT place an order to buy from IT at
the ask price, IT will simultaneously sell short a replicated
position using substituted securities. In both cases, the final
net holdings of the IT are nil.

Let f(S) be the continuous density function of the true price
at any point in time. S can change in the absence of new idi-
osyncratic information, for example, due to changes in the
market cost of capital, etc. The expected cash flows for IT
are:

p* J}7 (5. —S)f(S)ds +
~[F(s—s,)f(5)ds
P [, (5=S)f () @)
Where P* is the probability that a buy-order will be placed
by UT at the ask price of IT, Sa, and P~ is the probability that
a sell-order will be placed by UT at the bid price of IT, S.
Trivially, if the probabilities are dependent upon the size of
the spread, (Sa - Sp), i.e., the smaller the spread is, the more
likely an order to be placed by UT to enter, then, Sy and Sy
are set such that the elasticity of the probabilities to the size

of the spreads equals one (see formulation below).

Initially, we assume that trading is halted upon the release of
any type of new information. If IT adjusts the bid and ask
prices continuously in the absence of announcements of new
information, it is unlikely that S will diverge from the range
of {Sa ... Sy }. If, instead, IT are not able to adjust the bid
and ask prices continuously, as S changes, then, excess prof-
its on the bid side, for example, when S exceeds Sa will be
fully offset by a potential similar loss on the ask side (assum-
ing that P* =P"). Thus, (4) becomes,

PF L (Sa —S)f(S)ds =

0, and, p~ fj: (5 —8,)f(5)dS= 0

()

Thus, without loss of generality, we assume that IT change
the bid and ask prices continuously.

We now add to our analysis the third group of market partic-
ipant, IN, who may possess superior privileged information.
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IN may know that the true price that reflects their private
information, diverges from the current bid-ask spread, and
therefore trade with IT at the bid or the ask prices. ® IT may
not be able to offset the new position (short or long) at a
price within the bid-ask spread and thereby may sustain a
loss. In other words, IT should consider the risk of a loss if
the trade is executed with a market participant who possesses
superior information. The risk stems from the fact that IT,
may not be able to offset the new position, traded with IN,
using substituted securities. IT are the "doorkeepers", who
sense that new undisclosed information affects trading. As IT
are the first market participants to sense that someone in the
market trades based on superior privileged information, they
price this risk ex-ante into the optimal bid-ask spreads. This
risk premium may vary over time depending on IT's percep-
tion of the likelihood that IN are involved.

Formally, let P" be a measure of the likelihood that IN who
possess new undisclosed information wish to trade (P™ for
positive and P"- for negative information).

The expected loss for IT is:
™ Jo (S —S)f(S)ds +
P [ (S, —S)f(S)ds = 0

(7)

IT faces a similar risk when announcements of new infor-
mation are not followed by the decision to halt trading for a
certain period. There are two differences in the characteris-
tics of the risk associated with IN trading and the risk associ-
ated with non-halted trading. By definition, if IN are not in-
volved, then IT has no prior clue of the likelihood of arrival
of new information. Thus, the logical remedy is to assume
that the density function describes a "jump" process. Yet, if
IN are involved, then the two risks, the IN trading risk and
the non-halted trading risk are correlated, as involvement of
IN serves an indication that a new piece of news is about to
be released.

We begin with the simpler case, in which IT maximize net
cash flows, mr, in the event of definitely positive cash flows
as in (5) and expected loss as in (7). However, it must be true
that the overall expected cash flows are positive and suffi-
ciently large to compensate IT for the overall risk:

Sﬂ
MAX; 5, Tr = p* f_qb (5. —8)f(5)ds+

P (S —Sp)f(S)dS ~

(0™ (5 —S)f(5)ds +

P [ (5, ~ $)f(5)ds) 2 0 ®

s.t.Sa>Sp>0and iy >mir >0
where mjt is the overall risk premium, required by IT.

One trivial solution is that S, - Sp = oo, but if P* and P are
dependent on the size of the spread, then, P* and P~ =0, i.e.,
the likelihood that UT will trade with IT is nil and therefore

71 0.

& We exclude IN trades within the bid-ask spread.
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We need, therefore, to identify the parameters of the demand
function of UT, i.e. the trading likelihood as a function of the
size of the bid-ask spread. Formally,

p=a"+97(S,-S))and p" =a +g7(S, - S,) (10)

subject to boundary conditions, g (c0) =0and g (0) =1

Since a" and a° capture other factors that explain the arrival
of UT to the market, it is reasonable to assume that the elas-
ticity of demand in (10) is between zero and -1. In other
words, the percentage change in the probability that UT will
be willing to trade with IT is smaller than the percentage
change in the spread, due to other factors that drive UT to
trade (this assumption is validated empirically). Thus, it must
be true that,

apt ‘r;;(sﬂ -5 f(5)ds

=<1
Ea. B +
8 285, —5)F(5)dS B
and, "

- FS“.'s—s-n JF(5)ds
A Sy L

a,rf:.;s—s.h;f.;sms B-

(10a)
The trivial proof follows directly from the assumption about
the elasticity of demand.

2.3.2 IT holds one Unit at any Point in Time

This scenario is a bit more realistic and it differs from the
previous scenario. IT, instead of requiring positive expected
cash flow that exceeds the risk premium, will not require
excess return above the normal expected return of the securi-
ty that they hold and keep at any point in time.

The expected excess rate of return of IT is,
{[p*f;"(sﬁ - S)F(5)dS +

P (S =S f(S)as]+ [(1 -

P™) [ (5 =S )f(S)ds + (1 -

P (S, —S)f(S)ds + [ SF(s)as]} /s -

Sy Sf(8)ds )/s =0 (11)

The first [.] represents UT participation, the second [.] repre-
sents the behavior of IT holdings, net of potential IN activity,
and the last term represents normal returns had they been
held continuously.

Rearranging (11) yields the exact payoff as in (8) but in
terms of expected rate of return:

(P[5, —)f(s)as +
P (S —Su)F(S)dS —
P Jo (S =S)F(S)ds +

P [ (5, - S)f(S)dS},‘S =0 @)

3. ESTABLISHING TESTABLE ALGORITHMS

We laid down the theoretical framework in Section Il. In
order to establish testable algorithms, we need to identify a
more restrictive structure. The structure is dependent on: (i)
whether there is or there is no halted trading after an an-
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nouncement of new information, (ii) whether IT is able or
unable to adjust the bid-ask spread continuously, and (iii) the
assumptions on the various probabilities.

Denote the decision variable on the part of IT by S*, i.e.,
« S-S
S

S (13)

3.1. Trading is Halted Upon Announcements

Consider first the simplified case, where IT are assumed to
be risk-neutral, and all probabilities are equal (i.e. P™ = P" =
P = P™), then we do not need to know the size of the proba-
bilities since (12) becomes an equality.

In this case, expressing = S* from (12) yields,

. L9 ) +fh (S—S,)f(S)dS

S[."f(s)ds
(CL(S,S,)+PT(S,S,))
S j: f(S)ds

(14)

where CL is a call option with a very short duration, and PT
is the corresponding put option, priced based on fundamental

option theory. Since it is of a very short duration, J';af (S)ds

can be viewed as a simple density function between two val-
ues. S is the current true price that is perceived by IT.

If, however, IT are not risk neutral and they demand a risk
premium of 7, that is constant for our purposes, but we still
maintain fixed P™ = P™ = P"™ = P™ then (12) is equal to
7, | P and (14) is trivially adjusted.

If, however, P*, P~ are a function of the bid-ask spread as
described in (10b), (and P"™ = P™= P" then (14) becomes an
iterative function,

o _(CL(S,8,)+PT(S,8,))+ 7,/ p'(s")

= 5
S jsb f(S)dS

S (15)

The purpose of this study is to track the changes in S”. As-
suming that the elasticity of demand is constant in the short

run, we do not need to model;?it/ p:(s*). Rather we will

imply ;7“/ p:(s*) empirically from the initial bid-ask
spreads, a day before the test sample begins, and use it as the
benchmark spread for subsequent days.

Lastly, we relax the assumption on the probabilities and as-
sume that P™ = P™ and P" = P~ but P" and p are not equal to
each other. We assume that the a-priori expected change in
P”, P~ is zero (i.e., absent any information that indicates oth-
erwise), and therefore we may empirically imply the initial
constant ratio, P™ / P* = P* = P from the initial bid-ask
spreads. While the initial P*, P~ remains constant, P™ is
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hereafter implied from the likelihood ratio that will be dis-
cussed in the next section. Given the above, (15) becomes,

(cLiSSa+PTISSE) ¢
— b o (=)

i

F
Bg
5 ‘I‘Sh Fishds

(16)

3.2 Trading is not Halted Upon Announcements

We consider here a case where trading is not halted upon an
announcement of new information, and IT may not be able to
adjust the bid-ask spread after the news becomes public. Had
we assumed that IT is capable of being the first to react to
the news, then it would boil down to the previous case; how-
ever, we will assume that IT have no such advantage in the
event that news is disclosed and trading is not halted.

In this case, the expected cash flows of IT might sustain an
additional loss, i.e.,

oy =p* U (S —S)F(S)ds+ fm(sﬂ —S)f(S)dS}

B 3a

e U s-spreas+ [ (s sb)f(S)dS}

—(™ [S (5 —S)f(5)ds +

n— b
5, —8)f(5)d5) =0
Under our assumptions in the previous case, the bid-ask
spread will be set ex-ante as follows:

(cLissa+pTissy)) 1 |
. = bl fp” (=)

¥ =

5 = =
sl fls)ds (18)
Note that (16) or (18) represent the optimal spread ex-ante,
i.e. in the absence of clear indications that IN are active, and
the spread merely accounts for the risk that may be active in
the future. Our hypothesis is that IT, being the "doorkeepers"
will be the first market participants to sense that IN enter the
market, possibly with superior privileged information, and
therefore, will adjust the bid-ask spread, above to be (16) or
(18).

2.4. The Likelihood Index

We form an ex-post-calibrated index of the likelihood that
IN who possess superior privileged information desire to
trade. The calibration will be done ex-post for the entire
sample, so that the same coefficients of the index will be
used, ex-ante, for each single event. In other words, IT,
based on a past learning process have a full knowledge of the
coefficients of the index and only a probabilistic knowledge
of the values of the parameters, which they use when they
sense a suspicious activity by IN. However, even when the
"event", i.e., the actual release of new information to the
public occurs, the likelihood index remains a probabilistic
assessment. The role of the index, therefore, is to reduce the
number of suspicious trades in comparison to all trades that
deviated from the optimal bid-ask spreads (see Section 1V).

The index is linear and includes the following variables:
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CL - Type of news. We hypothesize, (following the findings
in the literature; see Venkatesh and Chiang 1986, Barclay
and Smith 1988, Conard et al. 1991, Foster and Viswanathen
1990, 1993, Lee et al. 1993), that IN are more likely to ex-
ploit their privileged information in events such as mergers
and acquisitions, tender offers, resignations and appoint-
ments, and less in events such as quarterly reports and
changes in dividend distributions. We divide the events into
six categories; each receives a value from one to six. The
nature of the event, known only ex-post, receives a constant
value during the entire sample period.

CR — Exposure to privileged information. The larger the
number of individuals who may be exposed to undisclosed
information, the more likely someone is to exploit this in-
formation. We divide the cases into three categories: only the
firm’s board of directors has prior knowledge, or the board
and the senior management does, or the entire staff of the
firm does. Furthermore, news that involves external entities
or that involves longer preparation periods receives a higher
likelihood value. The value, an integer from one to three,
given to this variable may change as we approach the date of
the event, if we have reason to believe that a piece of news
that originated in the board has been disseminated to the en-
tire firm.

PN — Positive or negative news. PN+ and PN-, denote
whether the news is positive or negative, respectively. Mar-
ket reaction after the news is announced will determine
whether the news is positive or negative. We hypothesize
that positive news will have higher coefficients due to short-
sale limitations and behavioral bias in favor of positive news.

INF — The level of significance of the news. The more sig-
nificant the information is, the more likely IN are to trade.
This is a continuous variable equal to the ex-post one-day
CAR following the announcement of the news. We assume
that IN are capable of properly evaluating the immediate
market reaction to the news once it is disclosed.

MM — Market makers. This is a dummy variable that re-
ceives a value of one if the security has an official market
maker, and zero otherwise. We suspect (as described in foot-
note 5) that due to the fact that market makers in Israel are
not motivated by trading profits, this variable will have in-
significant coefficients. This will also enable us to validate
our hypothesis that the effective bid-ask spreads are set by IT
and not by the market makers.

PF — Time frame of the news. IN are more likely to trade if
the new information they possess is relevant to future rather
than past performance. It is reasonable to assume that quar-
terly reports and corrections of previously disclosed reports
are less likely to encourage IN to trade. Thus, we divide the
sample into three categories, each with an integer value from
one to three, representing future relevancy, past relevancy,
and undetermined time relevancy.

TIN — The date of the event. This is a continuous variable
indicating the number of days left until the news will be an-
nounced. It is reasonable to assume that, as we get closer to
the date of the "event"”, IN are more motivated to trade. It is
possible that this variable captures some of the effect of CR
and other variables.
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PIN — Previous indications. This is a dummy variable repre-
senting prior indications, known to the public, of new infor-
mation, such as previous similar events, unverified rumors,
information leakage etc. We omitted observations with prior
definite indications that were disclosed to the public and we
did not include them in the index.

MC — Market cap. The larger a firm is, the more likely ana-
lysts are to watch and evaluate the firm and devote more
attention to any prior indications of new information. On the
other hand, the larger the firm, the larger the number of peo-
ple that may be exposed to undisclosed information (CR).
We cannot assess a-priori the type of effect that this variable
may have, if any.

RL — Reliability of the information. When a firm makes an
announcement of new information, the market does not nec-
essarily evaluate the news at face value. Majluf and Myers
(1984), for example, assume an absolute lack of confidence
in the firm’s announcements, other than the type of financing
sought by the firm. This is particularly important when the
news is accompanied by the firm’s overoptimistic future
forecast. The weakness of this factor is the question of
whether or not IN can predict the level of market trust in the
firm’s announcements. If IN believe that the market will not
trust the news, they will refrain from trading. One potential
indication of the reliability of the information is the ex-post
60-day CAR (as opposed to the ex-post one-day CAR in
INF), but we could not include it as an explanatory variable
because it is highly correlated with other variables in the
index.

In summary, we hypothesize that IN are more likely to ex-
ploit privileged information, the higher the expected profits
(or loss avoidance) that they can generate. We also believe
that since IN can evaluate accurately the final effect of the
news, they will realize the gains a significant time after the
event (that is, after they sell whatever they purchased, or
repurchase whatever they sold, prior to the event; see Hauser
and Kraizberg, 2003). Thus, the ex-post 30-days CAR is
used as the LHS variable of the following likelihood index:

‘ExpostCARmays = f (CL, CR, PN, INF, PF, TIN, MM) (19)

(19) does not represent a cause-and-effect relationship. Ra-
ther, it is an outcome of possibly exogenous factors beyond
the scope of this paper. We might as well write (19) as an
implicit function equal to a constant. EXpoStCARg,, .. as

discussed above, may be different for IN than the CAR de-
fined in (2), since IN can extract an even higher CAR by
selling short (or liquidating holdings) when the nature of the
news is negative.

In order to determine the weights of each variable, we will
calibrate the index using the entire sample, computing the
likelihood ratio that is asymptotically chi-squared distributed
(Wilks's theorem, 1938). This procedure involves a tremen-
dous number of iterations to obtain a statistically significant,
set of coefficients (an optimal set, but not necessarily the
most optimal).

Finally, we hypothesize that at a point in time when the like-
lihood index was positively correlated with an abnormal in-
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crease in the adjusted bid-ask spread, then probabilistically,
IN were participating in the market in an attempt to exploit
their privileged information.

3. THE DATA
The data includes several sets as follows:

Set A - Announcements made by Israeli TASE-listed firms
during 2015-2017, if the underlying securities had an offi-
cially designated market maker. *

Set B - Announcements made by Israeli TSAE-listed firms
during 2015-2017 if the underlying securities did not have a
market maker.

Set C - Daily trading data from 30 to 24 days prior to the
announcements and 1 to 30 days after the announcements.
The data includes closing prices, max-min bid-ask spreads,
volume, average volatility, and forward 5-day beta. 8

Set D — Intraday data 5 days prior to the announcements. The
data includes every single transaction, the book of orders,
and 3 ask and bid prices on each side.

3.1. Definition of the Variables

Bid-ask spreads. We use two measures of the spreads: the
lowest ask price less the highest bid price and the volume-
weighted average bid-ask spread of the three lowest ask pric-
es and the three highest bid prices. The first measure fits the
arguments of this paper, but the second measure may contain
some information as well.

Standard deviation. For set D, the annualized intraday stand-
ard deviation o, = 0d1/365 is used and for set C, the annu-

alized forward 5-days standard deviation is used. We use a
slack variable to assure continuity in the measure of the
standard deviation from day 6 to day 5, prior to the an-
nouncements.

Positive, negative, and significant news. We believe that it is
inappropriate to model the valuation of the news based on
ex-ante expectations, as some of the news is unexpected.
Instead, we assess the new information based on the ex-post
market reaction, i.e. the one-day CAR and the 30-day CAR.

Probability of arrival of UT to the market. We use two meth-
ods for calculating the probabilities that are embedded by IT
in setting the bid and ask prices. First, assuming that 30 days
prior to the announcement the likelihood of any related activ-
ity on the part of IN is very small, we can imply the proba-
bilities from the actual bid-ask spread on the 30th day prior
to the announcement. The second method is the actual fre-
quency of arrival of UT to the market. Let n _.,i=1..m be

the number of days (out of m days) prior to date t, in which
the security was traded n or more times. We arbitrarily set

the probability to be p*=p =n_,,i=1..5/m. Using the
first method we calibrated n and m (n=3, m=5).

" Source: MAYA, the official Israel SEC cite.
8 Source: Data supplied by the TASE
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3.2. Descriptive Statistics of the Data
Table 1 presents a summary of the data:

Table 1. Description of the data.

Number of events (announcements) 600
Number of observations days 6 to day 30 prior to an-
. 15,000
nouncements (daily)
Number of observations days_ 5 to day 1 prior to announce- 10,889,845
ments (intraday)
Number of observations with no halted trading after an- 9.725,040
nouncements
Number of observations with halted trading after an- 1.182.305
nouncements
Number of observations with designated market makers 9,935,034
Number of observations without any designated market 972311
makers
Number of observations at the end of the day of announce- 600
ments,
600
and 60 days CAR after announcements

The number of observations represents the actual number of
transactions and the bid-ask spread at the same time, or, al-
ternatively, a significant change, as defined in Table 4, in the
bid-ask spreads with no transactions at the same time.

The components of the likelihood index are described in
Table 2 and Table 3, which analyze the types of events as
well:

Table 2. Range of values for the likelihood index.

Average | Standard

Variable values o
score Deviation

Type

Financing, rating

Legal actions, State
intervention

Quarterly reports,
dividends

cL Resignation, ap-
pointment, board

1.68 87

3.5668 Constant

New purchase, new
line, cooperation

Tenders, M&A
transactions with
control owner

Board exposure

Senior management

May var
CR exposure yvary

26 0.74 over time
Entire firm and
outsiders
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1-Positive one-day
market reaction
PN 0.472 | 0.4992 Constant
0-Negative one-day
market reaction
Level of significance | 0446 0.1281 .
' ' Continu-
INF — one-day market ous
N -0.0275 | 0.1664
Set A — fraction of
announcements /
MM 0.204
MM Constant
Set B — fraction of 0.796
announcements / no
MM
1- Past relevancy
2-Past and future or
PF . 2.2301 | 0.6532 | Constant
undeterminable
3-Future relevancy
Number of days
TIN before the an- Vary over
time
nouncements
The NIS value of all Continu-
MC outstanding shares | 6.3628 | 25.5207 oUS
(in Billions of NIS)
Table 3. One-way ANOVA for the types of events.
N M SD
1-Financing, rating 141 -0.24% 13.51%
2-Legal actions, State
intervention 89 0.38% 4.25%
3-Quarterly reports, divi-
dends 106 | 2.38% | 3.92% el
1.22,
4-Resignation, appoint- p=0.30
ment, board 62 011% | 7.27%
5-New purchase, new
Iine, cooperation 36 -0.02% 6.27%
6-Tenders, M&A t -
_enders NSl gee | 2529 | 14.07%
tions with control owner

4. FINDING

We chose the most significant likelihood index using a very
large number of iterations. The selected model has a chi-
square of 334.294, and p<.001. Nagelkerke R? explains
12.1% of the variance. Table 4 summarizes the significant
components of the likelihood index that was selected.
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Table 4. The likelihood index.

Variable Coefficient Wald test P-value
CL -0.891 22.254 <.001
Sub-groups of CL:
CL(1) -1.222 10.064 .002
CL(3) -0.490 4.493 0.034
CR -1.213 20.111 <.001
Sub-groups of CR:
CR(2) -.619 6.175 .013
CR() -1.551 17.549 <.001
MC -.148 14.422 <.001
TIN .029 18.218 <.001
Constant -3.428 262.102 <.001

An increase in the bid-ask spreads ° is defined as a deviation,
if the spread is one standard deviation above the optimal bid-
ask spread as established in Section Il. The constant standard
deviation was calculated ex-post for the five days prior to the
announcements (using intraday observations).

In order to understand our finding, we reiterate our hypothe-
sis: the likelihood index represents the probability that there
are profit-maximizing IN with privileged information who
have knowledge of the parameters of the index, and therefore
desire to trade and exploit the privileged information that
they possess. In real time, even if non-IN traders know the
coefficients of the index, they are unable to assess the values
of the parameters in the index, which can be assessed only
by IN. In other words, IN who know the nature of the infor-
mation form expectations with respect to the parameters in
the index, such as the ex-post CAR. In addition, we assume
that in real time IT may suspect that there is some activity of
IN in the market, and therefore may increase the bid-ask
spreads. Ex post, we can measure the correlation between the
likelihood index and the deviations of the bid-ask spreads.
All the deviations of the bid-ask spreads that are correlated
with the likelihood index are considered to be “suspicious”
trades by IN. By setting a cutoff value of the correlation, we
can significantly reduce the number of suspected trades by
IN. This information is very useful for all market participants
and for the enforcing regulators, as will be discussed in the
conclusion.

Thus, our goal is to identify a manageable subset of the devi-
ations, which will be labeled as “suspicious” IN trading, by
setting a cutoff rate. We could interchangeably use the cutoff
rate as the size of the deviations of the bid-ask spreads (in
terms of s*), or as the level of correlation of the likelihood
index. Interestingly, our finding indicates that two cutoff
criteria do not coincide around deviations above 6%, and the
highest correlation between the likelihood index and the de-

° Measured as the difference between the lowest ask price less the highest
bid price at any point in time, or, alternatively, the volume-weighted average
of the three lowest ask prices and the three highest bid prices.
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viations of the bid-ask spreads occurs at about 9% deviation.
Thus, in Table 5 we report the number of suspicious observa-
tions (out of a total of 11M observations) as a function of the
cutoff rate for the smaller deviations, and in Graph 1 we ana-
lyze the relationship between the size of the deviations and
the level of the correlations for deviations greater than 6%.

Table 5. Number of suspicious observations as a function of the
cutoff rate (for the smaller deviations).

Critical cutoff R At\;z;azi E;(is:so;iz\:;a- F N

0.001 0.031% 2423.518** 246,404
0.01 0.078% 7783.730** 184,460
0.015 0.085% 462.644** 180,205
0.02 0.106% 292.884** 179,363

0.0215 0.132% 4065.582** 174,792
0.023 0.135% 2197.637** 171,189
0.046 0.237% 8304.839** 170,711
0.18 5.12% 5.383** 118

R2

0.08
0.06

004
0.02
0.00

. — 14.29% = 15%
X o =

9.10% =

8.34% =

et peviation size

@ 1o haled trading u Halted trading

Graph 1. The relationship between the correlation and the size of
deviation for large deviations.

We analyzed one further case of a cutoff correlation of 0.1.
The total number of “suspicious” deviations in the bid-ask
spreads, as defined above, was reduced to only 18,600. The
various cases for this cutoff rate are given in Table 6.

Table 6. Correlations of the likelihood index upon deviations of
the bid-ask spreads.

Significance
N Correlation Level
*0.05, **0.01
Total number of deviations 18600 0.0317 4.32%*
Deviations with market makers | 12038 0.029 3.171**
Deviations without market 6562 0.013 1072
makers
Deviations with halted trading 2108 0.047 2.146*
Deviations W!thOUt halted 16492 0.052 6.687+*
trading
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5. CONCLUSION

Trading that is aided by new information, possessed by a
small group of market participants is illegal if the infor-
mation is not disclosed to the public. This type of trading
may distort the true relative prices of securities and may lead
to a market failure. The enforcing regulator is mandated to
prevent this type of distortion. This is an impossible task,
given the huge number of transactions executed every sec-
ond. Obviously, uninformed traders are also eager to know if
the market security prices represent the true relative values.

Deviations of the bid-ask spreads from the optimal spreads
may provide real-time indications that some market partici-
pants possess privileged information. If we rely only on the
real-time information that the bid-ask spreads deviate from
the theoretical optimal spread, we would generate millions of
suspected observations. In this study, we construct a mecha-
nism that enables market participants to significantly reduce
the number of suspected cases to a manageable number. This
is crucial for the enforcing regulator who needs to investi-
gate, ex post, only a manageable number of potentially ille-
gal trades.

Our mechanism is based on the hypothesis that at any point
in time when the likelihood index that predicts how likely IN
are to exploit privileged information is positively correlated
with an abnormal increase in the bid-ask spreads, then, prob-
abilistically, these transactions should be suspected cases of
illegal, price-distorting trading. Further research may vali-
date or invalidate our hypothesis by comparing our finding
with trading data of IN who have been convicted in court.
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