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Abstract

We model the behavior of Nasdaq momentum traders, also known as SOES bandits.
We show, all things being equal, that the profitability of SOES bandits decreases in the
bid-ask spread, but increases in the effective tick size. The patterns we observe in the data
provide support for the model. We then discuss the plausibility of odd-eighth tick
avoidance by market makers as a defense against SOES bandits. ( 1999 Elsevier
Science S.A. All rights reserved.

JEL classification: G10; L10

Keywords: Nasdaq; SOES bandits; Tick size; Odd-eighth avoidance

1. Introduction

Nasdaq’s Small Order Execution System (SOES) was created to reduce
transaction costs by automating the execution of small market orders, which are
those orders not exceeding the maximum number of shares market makers must
honor at their quotes. This computerized system calculates the inside quotes,
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given by the lowest ask price and the highest bid price, and directs incoming
market orders to market makers at the inside. The creation of SOES was expected
to stimulate quote competition among market makers. However, many small
customer orders are either preferenced or internalized, and thus bypass SOES.2

Ever since the market crash of 1987, when many market makers temporarily
ceased making markets, Nasdaq has required all market makers to participate
in the SOES system. Nasdaq subjects market makers who withdraw from the
system without excuse to a twenty-day penalty, during which they cannot enter
quotes in the security. Mandatory participation by market makers in SOES led
to the entry of momentum traders, also known as SOES bandits, into the
market. SOES bandits are professional traders who watch market makers’
quotes in an attempt to exploit the market trends. When bandits believe they see
a trend emerging, they immediately transact with the market maker quoting the
best price, and then liquidate their position within minutes or even seconds,
frequently using alternate venues such as Selectnet. Bandits transact with the
trader they believe to be unaware of the current trend. Harris and Schultz
(1997a,b) provide a detailed description of SOES bandit trading.

The literature on market microstructure identifies three types of market
making costs: processing costs, inventory holding costs, and asymmetric in-
formation costs. The latter stem from the fact that a market maker or specialist
occasionally faces informed traders and incurs losses in trading with them. The
literature interprets the expected losses incurred while trading with informed
traders as the asymmetric information component of market making costs (see
Copeland and Galai, 1983; and Glosten and Milgrom, 1985). As the degree of
information asymmetry rises, these costs increase, causing spreads to rise. We
argue that SOES bandit activity also increases this component of market
making costs.

SOES bandits typically have little information about stock fundamentals or
order flow, but they achieve an informational advantage through constant
monitoring of a single stock. Market makers on Nasdaq typically make market
in 20—30 stocks, which implies that they can spend, on average, 3—5% of their
time watching any particular stock. In contrast, SOES bandits focus on a small
number of stocks, typically monitoring only two or three throughout the day.
Thus, SOES bandits have more information about the behavior of all the
market makers for a stock than does any single market maker, and they can
detect trends in prices before many of the market makers. Because of this
informational advantage, we postulate that increased SOES bandit activity
raises the adverse selection component of the market making costs. Thus, more
intensive SOES bandit activity should lead to higher bid-ask spreads.

2See Christie and Schultz (1994), Macey and O’Hara (1997), and Kandel and Marx (1998) for
descriptions of these arrangements.
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Market makers can eliminate the informational advantage of SOES bandits
by focusing on a particular stock, but such a strategy is expensive, because it
precludes market makers from trading in multiple stocks. This is especially true
since market makers are prohibited from changing their quotes automatically
(using software) based on the behavior of other market makers. This practice is
also known as auto-quoting. Market makers can also impose costs on SOES
bandits by changing their quotes, as if starting a trend, only to bring them back
to their prior level. Whatever defensive strategies are used by the market makers,
more intensive SOES bandit activity in a competitive market should neverthe-
less lead to higher bid-ask spreads.

Market makers also use the regulatory power of Nasdaq to curb the SOES
bandit activity, such as limiting access to Instinet and other proprietary net-
works, and reducing in the minimum quote size. These measures are outside of
the scope of our paper, which focuses on the alleged use of odd-eighth quote
avoidance as a defensive measure.

The claim made by many practitioners and some academics (e.g., Kleidon and
Willig, 1995) is that SOES bandit activity forces market makers operating in
a perfectly competitive market to raise spreads to cover the additional costs, and
that odd-eighth quote avoidance, documented by Christie and Schultz (1994), is
a tool used to accomplish the increase in spreads. The remainder of our paper
shows that the tool of odd-eighth quote avoidance can have the opposite effect,
and actually encourage SOES bandit activity.

There are two problems with the claim that SOES bandits are responsible for
the avoidance of odd-eighth quotes on Nasdaq. First, if the presence of SOES
bandits increases the cost of market making, then the competitively determined
spread will increase without the need for coordinated action by the market
makers, such as the avoidance of odd-eighth quotes. Second, as we show in this
paper, since avoidance of odd-eighth quotes increases the effective tick size from
one-eighth to one-quarter, it can cause SOES bandit activity to increase. We
argue that, all things being equal, odd-eighth quote avoidance is not a rational
response by market makers to SOES bandit activity.

We construct a simple yet representative model of momentum trading that
explicitly takes into account the bid-ask spread and effective tick size. We use
Harris and Schultz’s (1997b) description of the operating procedures of SOES
bandits in constructing the model. We show that the profitability of a bandit
strategy decreases in the bid-ask spread, but increases in the effective tick size.
Thus, if spreads increase, holding the effective tick size constant, the profitability
of SOES bandits decreases. If the effective tick size increases, but the spread
remains constant, then the profitability of SOES bandits increases.

Given these results, it is unclear how SOES bandit profits will be affected
if market markers start avoiding odd-eighth quotes, and spreads increase.
The increase in the effective tick size drives SOES bandit profits up, but the
increase in spreads drives SOES bandit profits down. When market makers start
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avoiding odd-eighth quotes, SOES bandit profits may actually go up, causing
SOES bandits to become more active in that stock. Thus, if market makers start
avoiding odd eighths in response to the entry of SOES bandits, they may
actually cause bandit activity to increase. If market makers increase spreads
without changing the effective tick size, that is, if they continue to use all possible
prices, then bandit activity should decrease. These arguments suggest that the
avoidance of odd-eighth quotes is not an appropriate defense against SOES
bandits.3

We develop empirical predictions from our theory, and test the predictions
using a sample of 60 Nasdaq stocks with significant SOES bandit activity in
January and February of 1994. We show that the evidence presented is consis-
tent with our model. SOES bandit activity tends to be decreasing in the
spread and increasing in the effective tick size. Moreover, the evidence of
Battalio et al. (1997), Harris and Schultz (1997a, b) is also consistent with our
model. Our model also implies that SOES bandit activity is increasing in stock
price volatility, but our volatility measure is not significant in any of our
regressions.

Section 2 presents the theoretical model. Section 3 describes the data, and
presents the empirical findings. Section 4 concludes.

2. Model

Let D be the effective tick size, and let s denote the equilibrium spread, where
s is an integer multiple of the effective tick size. For the purposes of this paper,
we are not interested in how this equilibrium spread is determined, because
SOES bandits take it as given when making their trading decisions. We assume
that the equilibrium spread is greater than or equal to the cost of market
making. We assume that there is a unique equilibrium spread, although Kandel
and Marx (1997) show that, in general, there are two equilibrium spreads.
Allowing multiple equilibria substantially increases the complexity of the model,
but we conjecture that it is unlikely to affect the qualitative results. The
fundamental value of the stock at time t is a random variable, which we denote
by v

t
. The fundamental value has cumulative distribution function F

t
(v

t
), where

the time subscript on the distribution indicates that the distribution depends on
the price and other information available at the beginning of period t.

3 If the avoidance of odd-eighth quotes causes the bid-ask spread to increase by more than the
increase in costs caused by SOES bandit activity, then it may be that the avoidance of odd eighths is
designed primarily to increase market makers’ profits, assuming the effect on volume is small, as
argued by Barclay et al. (1998). This interpretation is consistent with the evidence in Barclay (1997),
Bessembinder (1997), Christie and Schultz (1997), and Kandel and Marx (1997).
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In each period, market maker i posts an ask price, which we denote by ai
t
, and

a bid price, which we denote by bi
t
. We denote the inside quotes, given by the

lowest ask price and the highest bid price, in period t by a
t

and b
t
. The

fundamental value of the stock is revealed to market makers in the beginning of
each period, for example through the order flow they observe, and they adjust
bid and ask quotes to reflect the new information. Market makers typically
make markets in multiple stocks, and thus cannot continuously monitor any
particular stock. In addition, Nasdaq regulations prohibit market makers from
programming their systems to auto-quote, based on changes in other market
makers’ quotes. Thus, we assume that some market makers adjust their quotes
before others in response to new information, allowing some trades to occur in
the meantime.

We assume that, when the value of the stock increases, so that v
t
'v

t~1
,

market makers adjust the ask price to be the next integer multiple of the effective
tick size that is greater than v

t
. Once all market makers adjust their ask quotes,

the bid quotes adjust to maintain the equilibrium spread s. An adjustment in the
opposite direction takes place when the value decreases.

We further assume that SOES bandits do not observe the fundamental value
when it becomes known to the market makers. However, by watching the
market makers’ quotes and acting swiftly, they can identify a trend and execute
trades before all the market makers have adjusted their quotes. Evidence in
Harris and Schultz (1997b) suggests that SOES bandits close their positions very
quickly. If activity prior to period t results in inside bid and ask prices of
b
t~1

and a
t~1

, we assume that if SOES bandits buy in period t at the price a
t~1

,
then they sell at the end of the period at b

t
. Later in this section we explore the

possibility that bandits can close their position at a better price. This is possible
because SOES bandits can unload some of their positions on Selectnet or
Instinet, and pay only part of the quoted spread (see Harris and Schultz
(1997a,b) for details). The timeline for period t is given below.

In reality, SOES bandits are rarely certain that a quote change is due to
a change in the underlying value. Quote changes may occur because a market
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maker has a large inventory, leading to temporary quote adjustments. This type
of adjustment is not replicated by the other market makers, and thus does not
present a profit opportunity for SOES bandits. We assume that if a market
maker increases his ask price during period t, up from a

t~1
, then with probabil-

ity h the change is temporary, and the market maker lowers his ask price back
to a

t~1
before the end of the period. We assume that h is constant. It is

interesting that one defense market makers have used against SOES bandits is
to increase h through the use of ‘head fakes’, i.e., arbitrary changes in bid and ask
prices.

In the case of temporary price changes, not all market makers respond by
adjusting their quotes, so the inside ask price never changes from a

t~1
and the

inside bid price never changes from b
t~1

. We assume SOES bandits know h, and
must choose whether to trade based on the initial quote change. The timeline for
period t, when the price increase is temporary and a bandit buys the stock at
a
t~1

after one market maker increases his price, is given below:

We assume that, if SOES bandits observe a market maker increasing his ask
price above a

t~1
in period t, and if there is positive probability that the increase

is based on information about the stock value, i.e., F
t
(a

t~1
)(1, then the SOES

bandits buy, before all market makers have an opportunity to change their
prices. When F

t
(a

t~1
)(1, there is a positive probability that the remaining

market makers will also increase their ask prices. The analysis of transactions
based on decreases in bid prices is analogous.

A more detailed model would allow SOES bandits to hold a stock during
multiple successive price changes in the same direction, and to sell if a price
increase were followed by a price decrease. However, the basic risks faced by the
SOES bandits, and the effectiveness of defensive strategies by the market
makers, remain the same, so we focus on the simpler model.

Letting I
t
denote the event that causes a market maker to increase his ask

price during period t, the expected payoff of a SOES bandit is

n(a
t~1

),!a
t~1

#E
t~1

[b
t
D I

t
]. (1)

Since we assume a fixed spread of s, the bid price at which the position is closed
is b

t
"a

t
!s. Thus,

n(a
t~1

)"!a
t~1

#E
t~1

[a
t
D I

t
]!s. (2)
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If there is no new information, then the increase observed by the SOES
bandits is temporary, and a

t
"a

t~1
. If the market makers receive positive

information about the stock value, then a
t
is equal to a

t~1
, plus some number of

effective tick sizes. The amount by which the ask price increases depends on the
information received by the market makers. In particular, if the value increases
to v

t
3[a

t~1
#(i!1)D, a

t~1
#iD), then the ask price increases to a

t~1
#iD.

Thus, conditional on positive information, the probability of the inside ask price
a
t
being equal to a

t~1
#iD is

F
t
(a

t~1
#iD)!F

t
(a

t~1
#(i!1)D)

1!F
t
(a

t~1
)

.

These observations imply that

E
t~1

[a
t
D I

t
]

"ha
t~1

#(1!h)
=
+
i/1

(a
t~1

#iD)
F
t
(a

t~1
#iD)!F

t
(a

t~1
#(i!1)D)

1!F
t
(a

t~1
)

.

(3)

The right-hand side of Eq. (3) is well defined since we assume F
t
(a

t~1
)(1.

Using Eqs. (3) and (2), we can rewrite the expected payoff function as

n(a
t~1

)"(1!h)C
=
+
i/1

(a
t~1

#iD)

]
F
t
(a

t~1
#iD)!F

t
(a

t~1
#(i!1)D)

1!F
t
(a

t~1
)

!a
t~1D!s

"

(1!h)D

1!F
t
(a

t~1
)C

=
+
i/1

i(F
t
(a

t~1
#iD)!F

t
(a

t~1
#(i!1)D))D!s, (4)

where the second equality uses

=
+
i/1

(F
t
(a

t~1
#iD)!F

t
(a

t~1
#(i!1)D))"1!F

t
(a

t~1
).

The SOES bandit strategy is profitable, given a
t~1

, if n(a
t~1

)'0.
Harris and Schultz (1997b) show that SOES bandits usually close their

position at better prices than the posted quotes. This is possible using alternative
trading systems, such as Selectnet or Instinet. If SOES bandits can sell at b

t
#as,

where 0)a(1, we can rewrite Eq. (4) as

n(a
t~1

)"
(1!h)D

1!F
t
(a

t~1
)

]C
=
+
i/1

i(F
t
(a

t~1
#iD)!F

t
(a

t~1
#(i!1)D))D!(1!a)s. (5)
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Given the above expression for n(a
t~1

), it is clear that SOES bandit profitability
increases in a. It is also clear that, if a'0, then the equilibrium spread, s, has
a smaller negative effect on SOES bandit profitability than if a"0. Note that
since avoiding odd-eighth quotes can cause spreads to increase, it can cause a to
decrease, because small price increments typically continue to be used on
alternative systems such as Instinet and Selectnet.

From the expression for n(a
t~1

) in Eq. (5), we see immediately that, as the spread
increases, the SOES bandit strategy becomes less profitable. This point, that wider
spreads decrease the profitability of SOES bandits, is widely understood by aca-
demics and practitioners. However, Eq. (5) can also be used to show that the
profitability of a SOES bandit strategy increases in the effective tick size, something
that, to our knowledge, has not been claimed before. We state the result formally as
Proposition 1. The proof is mechanical, and so is placed in the appendix.

Proposition 1. ¸et D'0, let D@"zD for some z3M2,3,2N, and let s be constant.
ºnder our assumptions about the price adjustment process, if a

t~1
is an integer

multiple of D@, such that F(a
t~1

)(1, then E
t~1

[a
t
D I

t
, D@]'E

t~1
[a

t
D I

t
, D].

Proposition 1 shows that if the effective tick size increases and the spread
stays the same, then the SOES bandit strategy is more profitable. To see the
intuition for this result, note that once the true value of the stock exceeds the ask
price, both the bid and ask prices increase by one tick. This result implies that,
when stock prices are increasing, both the bid and ask prices will always be at
least as high for a stock with a larger tick size. Viewing the result another way,
the loss incurred by a SOES bandit after a temporary price change does not
depend on the effective tick size. Instead, the loss is equal to the spread.
However, the profit after an information-based price change is increasing in the
effective tick size. Since market makers must move their prices in increments of
an effective tick size, the slower market makers who are caught by a bandit incur
a larger penalty when the effective tick size is larger.

If SOES bandits impose costs on market makers, then we should observe an
increase in the equilibrium spread, which covers the additional costs and will
deter some of the activity. Proposition 1 implies that an increase in the effective
tick size by the market makers is counterproductive, since it encourages SOES
bandit activity.

A final result of our analysis is that, as the expression for n(a
t~1

) in Eq. (5)
indicates, the profitability of the SOES bandit strategy increases as greater
weight is placed in the tails of the distribution of the stock value. Thus, we expect
the profitability of the SOES bandit strategy to be increasing in the volatility of
the stock price.4 For example, we expect the profitability of the SOES bandit

4Battalio et al. (1997) present evidence that periods of high volatility precede periods of high
SOES bandit activity.
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strategy to increase with mean-preserving spreads in the distribution of the
stock value. This result is not surprising, both because SOES bandits can only
profit when there is movement in the stock price, and because SOES bandits
profit from more volatile stock price movements, given the probability with
which they can identify such movements.

3. Empirical evidence

In this section, we state three hypotheses based on the model, describe the
data we use in our empirical tests, and present our results.

3.1. Hypotheses

The model developed above yields three theoretical predictions, all of which
assume that other variables are held constant:

1. The profitability of SOES bandit activity decreases in the bid-ask spread,
2. The profitability of SOES bandit activity increases in the effective tick size,

and
3. The profitability of SOES bandit activity increases in stock price volatility.

We assume that, as the profitability of SOES bandit activity increases, so does
the activity itself, as more SOES bandits become active in the stock. Since we do
not observe the profitability of SOES bandit activity, we need to restate the
above hypotheses in terms of the level of SOES bandit activity, for which we can
construct a proxy measure. Unfortunately, this cannot be done for the first
hypothesis. Although individual SOES bandits treat the bid-ask spread as
exogenous, their joint activity is likely to increase the asymmetric information
component of market making costs and, consequently, the spread. Because of
this feedback effect, the aggregate relation between the spread and SOES bandit
activity is ambiguous. In addition, we expect spreads to be less sensitive to

SOES bandit activity when market makers avoid odd-eighth quotes, because
under those conditions spreads are already likely to be significantly higher than
costs. This leaves us with the modified second and third hypotheses:

2@. The level of SOES bandit activity increases in the effective tick size, and
3@. The level of SOES bandit activity increases in stock price volatility.

Note that the hypothesis presented in Kleidon and Willig (1995) implies that
SOES bandit activity should be decreasing in the effective tick size. In our
empirical tests, we use the weaker null hypothesis that the effective tick size has
no effect.
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3.2. Data

Direct data on SOES bandit activity by stock is not available, but we can
construct a proxy measure. As Harris and Schultz (1997a) point out, until the
end of January 1994, Nasdaq market makers were required to honor their
quoted prices for up to 1000 shares per trade. Because of this requirement,
almost all SOES bandit trades were for 1000 shares. However, in February 1994,
Nasdaq introduced a pilot program that reduced the minimum quote size, for
most stocks, to 500 shares per trade. Harris and Schultz (1997a) report that the
proportion of 1000-share trades decreased, and the proportion of 500-share
trades increased, following the rule change. We use this observation to identify
stocks with high SOES bandit activity and construct a proxy for its level.

We first create a sample containing the 700 highest-volume National Market
System stocks that traded throughout January and February 1994, whose
average bid prices were greater than $10 for both months. This restriction limits
our attention to stocks with a minimum tick size of $0.125. SOES bandit activity
is usually limited to active stocks, and therefore we only consider stocks that had
ten or more quote updates in at least ten days in each month. Further, for each
stock, our variables are calculated using only the days in which there were ten or
more quote updates.

For each stock-month, we calculate the average daily proportion of trades of
1000 shares and the average daily proportion of trades of 500 shares. By taking
the average daily proportion of 1000-share trades for a stock in January 1994,
and subtracting from that the average proportion of 1000-share trades for that
stock in February 1994, we obtain a proxy for SOES bandit activity for the
stock in January. Similarly, by taking the average daily proportion of 500-share
trades for a stock in February 1994 and subtracting the average proportion of
500-share trades in January 1994, we obtain the proxy for SOES bandit activity
for the stock in February. We obtained similar results using, as proxies for
SOES bandit activity, the change in the proportion of trading volume and the
percentage change in the proportion of trading volume. In regressions analog-
ous to those reported below, the signs and significance of the coefficients on the
spread, effective tick size dummy, and volatility measure do not change, except
that the volatility coefficients are significant in the January regressions. If we use
the percentage change in the proportion of trades as the measure of SOES
bandit activity, there are changes in the signs of two insignificant coefficients.

In an attempt to isolate stocks with significant SOES bandit activity, we
eliminate stocks in which the 1000-share trades are not significantly higher in
January, or the 500-share trades are not significantly higher in February. We
only consider stocks in which the percentage of 1000-share trades in January
exceeds 150% of the percentage of comparable trades in February, and the
percentage of 500-share trades in February trades exceeds 150% of the compa-
rable January number. Since we only consider stocks with prices above ten
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Table 1
Descriptive statistics for SOES bandit activity and market structure variables, used in a regression
analysis of SOES bandit activity, by month and by effective tick size, for a sample of 60 Nasdaq
stocks

Panel A displays information for January 1994, and Panel B displays information for February 1994.
The proxy for SOES bandit activity for January 1994 is the change in the percentage of trades for
1000-share blocks between January and February 1994. The proxy for SOES bandit activity for
February 1994 is the change in the percentage of trades for 500-share blocks between February and
January 1994. The other variables are monthly averages for quoted time-weighted dollar spreads,
daily volatility, measured as the standard deviation of daily time-weighted midpoint prices, daily
numbers of market makers, daily log quote updates, time-weighted midpoint prices, and daily log
share volume.

Variable Effective tick size

One-eighth One-quarter

Mean Standard
deviation

Mean Standard
deviation

Panel A: January 1994
Bandit activity 0.21 0.05 0.23 0.07
Quoted spread 0.24 0.04 0.49 0.13
Volatility 1.41 0.68 2.25 1.08
Number of market makers 30.88 9.62 24.31 10.91
Number of quote updates 3.44 0.48 3.17 0.25
Price 34.14 13.36 47.17 14.21
Volume 13.14 0.65 12.74 0.75

Panel B: February 1994
Bandit activity 0.16 0.07 0.20 0.08
Quoted spread 0.23 0.05 0.48 0.14
Volatility 1.49 0.91 2.31 1.30
Number of market makers 30.68 9.54 24.19 10.77
Number of quote updates 3.36 0.55 3.21 0.35
Price 32.62 14.05 49.64 14.61
Volume 13.11 0.66 12.79 0.83

dollars, the minimum tick size in the entire sample is one-eighth of a dollar. For
any stock, the effective tick size is one-eighth of a dollar if market makers do not
avoid odd-eighth quotes, and one-quarter of a dollar if market makers avoid
odd eighths. We are left with a sample of 60 stocks, 19 of which have an effective
tick size of $0.125, and 41 of which have an effective tick size of $0.25.

Since SOES bandit activity may be related to other characteristics of the
stock, we control for various microstructure variables. For each month, we
regress the measure of SOES bandit activity on several variables, including
a dummy variable that is one if the effective tick size is one-quarter and zero
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otherwise, monthly averages of the quoted time-weighted dollar spread, daily
volatility, measured as the standard deviation of daily time-weighted midpoint
prices, and several control variables. The control variables are the log number of
daily quote updates, time-weighted midpoint price, and the log of daily share
volume.

Table 1 shows the descriptive statistics for these variables partitioned by
month and effective spread. Table 2 shows the correlation coefficients for the
variables used as regressors.

3.3. Results

Regression results for the months of January and February 1994, using
a dummy variable for the effective tick size to differentiate between stocks
trading on odd or even eighths, are reported in Table 3. The coefficient on the

Table 2
Correlation table for market structure variables used in a regression analysis of SOES bandit
activity

Information shown is for a sample of 60 Nasdaq stocks, for the months of January and February
1994, divided by month. The variables are a dummy variable that is one if the effective tick size is
one-quarter and zero otherwise, and monthly averages for quoted time-weighted dollar spreads,
daily volatility, measured as the standard deviation of daily time-weighted midpoint prices, daily
numbers of market makers, daily log quote updates, time-weighted midpoint prices, and daily log
share volume.

Spread Effective
tick
dummy

Volatility Market
makers

Log
quote
updates

Price

Panel A: January 1994
Spread 1
Effective tick dummy 0.7367 1
Volatility 0.4004 0.3802 1
Market makers !0.6592 !0.2833 !0.2106 1
Log quote updates !0.3130 !0.3573 0.1265 0.2851 1
Price 0.3352 0.4041 0.4716 !0.0653 0.2982 1
Log volume !0.6106 !0.2555 !0.0477 0.8026 0.6119 0.0890

Panel B: February 1994
Spread 1
Effective tick dummy 0.7106 1
Volatility 0.3135 0.3130 1
Market makers !0.6288 !0.2871 !0.1010 1
Log quote updates !0.1827 !0.1728 0.3896 0.2759 1
Price 0.3901 0.4919 0.4100 !0.1257 0.4066 1
Log volume !0.5191 !0.1950 0.1117 0.7497 0.6090 0.0830
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Table 3
Regression results testing for SOES bandit activity by month, for a sample of 60 Nasdaq stocks

The sample is divided by month, with data for January and February 1994. The dependent variable
is a proxy for SOES bandit activity. The proxy for SOES bandit activity for January 1994 is the
change in the percentage of trades for 1000-share blocks between January and February 1994. The
proxy for SOES bandit activity for February 1994 is the change in the percentage of trades for
500-share blocks between February and January 1994. The independent variables are a dummy
variable that is one if the effective tick size is one-quarter, and zero otherwise, and monthly averages
for quoted time-weighted dollar spreads, daily volatility, measured as the standard deviation of daily
time-weighted midpoint prices, daily numbers of market makers, daily log quote updates, time-
weighted midpoint prices, and daily log share volume. The p-values are given in parentheses.

January 1994 February 1994

Intercept 1.1417 0.7871
(0.0001) (0.0002)

Spread !0.1818 !0.1990
(0.1124) (0.0240)

Effective tick dummy 0.0660 0.0941
(0.0511) (0.0011)

Volatility !0.0026 0.0020
(0.7738) (0.7858)

Market makers 0.0019 0.0010
(0.2032) (0.3892)

Log quote updates 0.1132 0.1712
(0.0051) (0.0000)

Price !0.0003 0.0000
(0.6247) (0.9406)

Log volume !0.1002 !0.0907
(0.0005) (0.0000)

Adjusted R2 0.1714 0.4778

spread is negative in both months, with p-values of 0.1124 and 0.0240 in January
and February, respectively. The coefficient on the dummy variable for the
effective tick size is positive in both months, with p-values of 0.0511 and 0.0011
in January and February, respectively. The signs of these coefficients are as
predicted by the model. The coefficients on volatility are predicted to be positive,
but neither is significant. The February coefficient is positive, and the January
coefficient is negative. Not surprisingly, SOES bandit activity is positively
related to the number of market makers, although the coefficients on the
number of market makers are not significant.

Regression results when the sample is partitioned both by month and effective
tick size are reported in Table 4. In three of the four regressions shown in
Table 4, the coefficient on the spread is negative, although it is only significant in
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Table 4
Regression results testing for SOES bandit activity, by month and effective tick size, for a sample of
60 Nasdaq stocks

The sample is divided by month, for January and February 1994, and by effective tick size, which
depends on the use or avoidance of odd-eighth quotes. The dependent variable is a proxy for SOES
bandit activity. The proxy for SOES bandit activity for January 1994 is the change in the percentage
of trades for 1000-share blocks between January and February 1994. The proxy for SOES bandit
activity for February 1994 is the change in the percentage of trades for 500-share blocks between
February and January 1994. The independent variables are monthly averages for quoted time-
weighted dollar spreads, daily volatility, measured as the standard deviation of daily time-weighted
midpoint prices, daily numbers of market makers, daily log quote updates, time-weighted midpoint
prices, and daily log share volume. The p-values are given in parentheses.

January 1994 February 1994

One-eighth One-quarter One-eighth One-quarter

Intercept 1.5041 1.5213 0.5495 0.9444
(0.0012) (0.0002) (0.0259) (0.0013)

Spread !1.0795 !0.0622 0.1694 !0.1654
(0.0289) (0.6412) (0.3454) (0.1452)

Volatility 0.0057 !0.0032 !0.0027 0.0011
(0.8239) (0.7585) (0.7561) (0.1494)

Market makers !0.0024 0.0061 !0.0007 0.0028
(0.1154) (0.0121) (0.5243) (0.0008)

Log quote updates 0.0993 0.1271 0.1609 0.1967
(0.0353) (0.0505) (0.0000) (0.4028)

Price !0.0001 !0.0010 0.0001 !0.0008
(0.9042) (0.3136) (0.8840) (0.0004)

Log volume !0.0991 !0.1385 !0.0723 !0.1035
(0.0075) (0.0005) (0.0032) (0.0000)

Adjusted R2 0.4864 0.2186 0.8434 0.3042

one of these regressions. The one positive coefficient on the spread is not
significant. The coefficient on volatility is not significant in any of the four
regressions. We test the null hypothesis that the regressions in each month are
the same for the two effective tick sizes using Chow tests, and we fail to reject the
null hypothesis for both months.

We obtained similar results using, as a volatility measure, average daily
close-to-open price changes, divided by the effective tick. In regressions analog-
ous to those reported in Table 3, the signs of the coefficients on the spread and
effective tick size dummy do not change, and they are significant at the 2% level.
The coefficients on the volatility measure are positive for both months, and
significant in the January regression. In regressions analogous to those reported
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in Table 4, neither the signs, nor the significance at the 5% level, of the
coefficients on the spread change. In two cases, an insignificant coefficient on the
volatility measure changes sign.

Four firms in the sample split their stocks during February of 1994, although
none split during January. We adjust the price and volatility measures for these
splits. In running the regressions reported in Tables 3 and 4 without the firms
that split their stocks, or with a dummy for the firms that split their stocks, we
discovered no material changes, except that the volatility coefficient, which is
always insignificant, changes sign in some cases.

In Fig. 1, we graph predicted SOES bandit activity as a function of the spread,
holding the other variables fixed at their means for that month and tick size.
Since we are comparing stocks with effective tick sizes of one-eighth and
one-quarter dollar, the relevant range for quoted spreads is from approximately
$0.30 to approximately $0.50. Few stocks in the sample have an average spread
above one-half dollar. Fig. 1 shows that, during both January and February,
SOES bandit activity is higher when the effective tick-size is one-quarter dollar
rather than when it is one-eighth dollar for the entire range of relevant spreads.
This finding is consistent with the prediction of our model that SOES bandit
activity is increasing in the effective tick size. If we test the null hypothesis that
predicted SOES bandit activity is the same for the two tick sizes, versus the
alternative hypothesis that predicted SOES bandit activity is higher for the
larger tick size, then we reject the null hypothesis for January when the quoted
spread is greater than approximately $0.375, but we cannot reject the null
hypothesis for February.

4. Conclusion

Our model of SOES bandit activity shows that the profitability of a SOES
bandit strategy is decreasing in the bid-ask spread, and increasing both in the
minimum tick size and in the stock price volatility. The model suggests that
a reduction in odd-eighth quote avoidance, and a reduction in the minimum tick
size on Nasdaq, should reduce the profitability of SOES bandits, and lead to
reduction in their activity. This prediction can be tested when more data is
accumulated.

Empirical results from a sample of 60 Nasdaq stocks with significant SOES
activity in January and February of 1994 provide evidence supporting the
predictions of our model that the profitability of a SOES bandit strategy is
decreasing in the bid-ask spread, and increasing in the minimum tick size. Our
measure of stock price volatility is not significant in any of the regressions. The
model and the empirical evidence call into question the claim that SOES bandits
are to blame for the emergence of odd-eighth avoidance on Nasdaq. This finding
is also consistent with the fact that odd-eighth quote avoidance is traced back to
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the early 1980s, while the emergence of SOES bandits is a relatively recent
phenomenon. Our model suggests that the odd-eighth quote avoidance may
have been a contributing factor in the expansion of SOES bandit activity in the
recent past.

The recent reduction in the minimum tick size on Nasdaq is expected to reduce
a stock’s effective tick size by more than it reduces the spread. In this case, our
model predicts that the profitability of SOES bandits will decrease. Thus, we
expect the recent rule changes to cause a decrease in SOES bandit activity.

Appendix A. Proof of Proposition 1

Letting D, D@, and z be as in the statement of Proposition 1 in Section 2:
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Fig. 1. Predicted SOES bandit activity as a function of quoted spreads for January and February
1994. The figures show predicted SOES bandit activity for the two effective tick sizes, one-eighth and
one-quarter, for each month. In calculating the predicted values, we let the quoted spread vary, and
hold all other independent variables fixed at their means for the month and effective tick size. The
remaining independent variables are volatility, number of market makers, log quote updates, price,
and log volume. In Panel A, the proxy for SOES bandit activity is the change in the percentage of
trades for 1000-share blocks between January and February 1994, and in Panel B, the proxy for
SOES bandit activity is the change in the percentage of trades for 500-share blocks between
February and January 1994.
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where the first equality uses Eq. (3), the second equality uses the properties of
a cumulative distribution function, the inequality uses z*2, the third equality
uses D@"zD, the fourth equality uses a relabelling of the indices, and the fifth
equality uses Eq. (3). h
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