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ABSTRACT

In Part One, I investigate whether the new order handling rules implemented on
the NASDAQ, in 1997, negatively affected quote competition because of a sustained high
level of preferenced trading. With the new rules in place, quote-competition oriented
positions made substantial improvement in relative quote competitiveness but did not
gain additional share volume. In contrast, preferencing oriented positions were able to
maintain share volume with deteriorated relative competitiveness. The consequences are:
(i) reduced share volume sensitivity to relative quote competitiveness; (ii) reduced
(increased) quote effectiveness for quote-competition (preferencing) oriented positions;
and (iii) net entries (exits) of quote-competition (preferencing) oriented positions.
Empirical evidence is consistent with these three negative consequences and is robust to
different measures of relative quote competitiveness with or without taking into account
quote competition from limit orders. These results suggest that more quote competition
does not necessarily promote quote competition when non-price based competition
strategy, such as preferencing, is available.

In Part Two, I examines whether there was a trading volume migration from non
NYSE markets towards the NYSE after decimalization, and fmds that the NYSE's
percentage share of small size trading volume increased by approximately 20 percentage
points between June 2000 and August 2001, across stocks of all market capitalizations.
This paper shows that the trading volume migration was the result of decimalization.
Empirical evidence suggests that the NYSE gained market share in small size trades after
decimalization through two channels. The frrst is a reduction in preferenced trading; the
second is the NYSE's improved relative competitiveness after decimalization. Further
investigation reveals that these two channels have different importance for the trading
volume migration for large and small capitalization stocks. The reduction in preferenced
trading plays a more important role in the trading volume migration for large
capitalization stocks; whereas the improvement in the NYSE's relative competitiveness
plays a more important role in the trading volume migration for small capitalization
stocks.
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PART ONE

THE COMPETITION FOR ORDER FLOW

UNDER THE NEW ORDER HANDLING RULES
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CHAPTER 1

INTRODUCTION

The NASDAQ implemented several major IQ.arket reforms to promote quote

competition. Among these reforms, the new order handling rules, imposed by the SEC in

January 1997, produced the most profound impact on market quality by requiring the

display of customer limit orders and the public dissemination of better prices placed in.
proprietary trading systems. Barclay et al. (1999) and Weston (2000) have examined

whether the new rules improved quote competition among NASDAQ market makers.

They found that quoted and effective spreads narrowed by approximately 30 percent as a

result of the change and Weston observed that a decline in dealer rents reduced trading

costs and the market became less concentrated after the reforms. Based on these findings,

they conclude that quote competition significantly improved subsequent to the adoption

of the new rules.

Upon further examination, the competition for order flow on the NASDAQ

surrounding the implementation ofthe new rules offers at least two puzzling observations.

First, the most competitive third of the positions in the sample stocks lost market share

despite significant improvements in relative quote competitiveness while the least

competitive third of the positions gained market share without making improvements in

relative competitiveness. J Second, a net entry of uncompetitive positions and a net exit of

1 When a market maker deals multiple stocks, he is said to have a position in each of-the stocks. Although
the term "position" has not been widely used in academic literature, it is a common term used by the
NASDAQ. Position-level analysis has been used in previous studies of quoting behavior [Ellis et al. (2002),
Chung et al. (2002), and Chung et al. (2004)].
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competitive positions occurred around the time when the new order handling rules

become effective. In the presence of these puzzling results, this study investigates the

impact of the new rules on the competition for order flow among NASDAQ market

makers. I believe this investigation is the first to examine the puzzling effects of the new

rules and my analyses indicates that these puzzles are attributable to preferenced trading.

The new order handling rules were well-intentioned and effective in increasing

quote competition on the NASDAQ market, as shown by Barclay et al. (1999) and

Weston (2000). However, because of the presence of a non-price based competition

strategy, preferencing, introducing more quote competition has produced some negative

impacts on the NASDAQ market. The overall findings of this paper confirms that: (i)

after the new rules were implemented, percentage share volume sensitivity to relative

quote competitiveness declined; (ii) quote effectiveness increased (decreased) for

preferencing (quote-competition) oriented positions; and (iii) there was a net exit of

quote-competition oriented positions and a net entry of preferencing oriented positions.2

The rest of the paper is organized as follows: In Chapter 2, I discuss the competition for

order flow on the NASDAQ under the new order handling rules. I derive three testable

hypotheses based on the analysis in this chapter. In Chapter 3, I describe the methodology

and data used in the study. In Chapter 4, I present empirical findings. In Chapter 5, I

investigate the impact on dealer's quote competitiveness from limit orders. In Chapter 6,

I present the summary and the conclusions.

2 Share volume sensitivity is defined as the ratio between change in percentage share volume and change in
relative quote competitiveness. Quote effectiveness is defined as the ratio between percentage share volume
and relative quote competitiveness.
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CHAPTER 2

ORDER FLOW COMPETITION UNDER THE NEW

ORDER HANDLING RULES

The new order handling rules intensified quote competition on the NASDAQ

market, resulting in three possible outcomes for the percentage share volume sensitivity

to relative quote competitiveness: (i) no change; (ii) an increase; or (iii) a decrease. All

three possible outcomes are illustrated in Figure 1.1.

Share volume curve "a" represents the relation between relative quote

competitiveness and share volume before the new rules. After the new rules intensified

quote competition, the share volume curve shifts to the right. These three possible

outcomes represent the different responses from market participants and therefore,

different consequences for the competition for order flow. Compared with the original

share volume curve "a", the share volume sensitivity for curve "b", "c", and "d" is the

same, higher, and lower, respectively. The horizontal distance between "a" and each

other possible new share volume curve reflects required improvement in competitiveness

in order to keep share volume unchanged after the curve shifts. The equal distance

between "a" and "b" everywhere suggests that the required improvement for positions at

different competitiveness level is the same. The distance between "a" and "c" is greater at

lower competitiveness levels, which means that the required improvement is greater for

less competitive positions. If the new share volume curve is "d" which has greater

distance at more competitiveness levels, the required improvement is greater for more

competitive positions. All three share volume curves are consistent with improved quote
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competitiveness. However, only share volume curve "c" provides greater incentives for

quote competition than the original curve "a". This can be seen by comparing the slopes.

A steeper slope suggests that the same amount of improvement in competitiveness is

rewarded with greater increase in share volume. Share volume curve "d" represents the

worst scenario in which competitive positions are treated ''unfairly'' and the slope of the

share volume curve decreases.

Unfortunately, in the presence of preferenced trading, the new order handling

rules might have pushed the share volume curve to "d", the worst scenario. On the

NASDAQ market, some positions avoid quote competition by preferencing. If the new

rules did not reduce preferenced trading, preferencing positions could still stay away

from quote competition after the new rules became effective. It has been widely accepted

that preferencing diminishes dealer's incentive to quote aggressively.3 Less competitive

positions are more likely to be preferencing oriented and more competitive positions are

more likely to be quote-competition oriented.4 Without a large reduction in preferenced

trading after the new rules intensified quote competition, the more competitive quote-

competition oriented positions had to make greater improvement in competitiveness than

less competitive preferencing oriented positions in order to maintain their share volume.

3 Godek (1996), Dutta and Madhavan (1997) and Kandel and Marx (1999) argue that the practice of
preferencing allows the implicit collusion by dealers. Huang and Stoll (1996) and Bessembinder (1999)
attribute the higher spread on the NASDAQ to preferenced trading. Bloomfield and O'Hara (1998), Ackert
and Church (1999), and Kluger and Wyatt (2002) use laboratory experiments and report that preferencing
leads to higher spreads, lower incentive to narrow spreads, more likelihood of tacit collusion. Chung et al.
(2002) show that spread is positively related to the proportion of internalized volume.

4 This paper considers a position to quote-competition oriented as long as this position is competitive on
quotes. If a position is uncompetitive on quotes and relies on preferencing for order flow, it is considered as
a preferencing oriented position.
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The consequence is that the original share volume curve "a" shifts to "d" with a flatter

slope.

The big question is whether there was a reduction in preferenced trading after the

implementation of the new order handling rules. Barclay et al. (1999) and Weston (2000)

documented 30% reduction in profit margin after the new rules. However, this 30%

reduction may not have been large enough to make preferenced trading unprofitable for

at least two reasons.5 First, order flow purchasers can negotiate lower payment for each

share preferenced to them. Kandel and Marx (1999) report that the payment for order

flow was as high as 3.5 cents per share in 1994-1995 and remained at 2 cents per share

after the new order handling rules. Second, the "cream skimming" hypothesis by Easley,

Kiefer, and O'Hara (1996) and Bessembinder and Kaufman (1997) and the "sorting"

hypotheses of Battalio and Holden (2001) suggest that preferencing oriented positions

enjoy low cost order flow, which gives them additional strength when overcoming

declining profit margins. Chung et al. (2004) report that decimalization, which resulted in

the collapse of spreads into penny, only cut preferenced share volume by four percentage

points. This small change in preferenced order flow confirms the resilience of

preferencing oriented positions.

5 Whether a reduction in profit margin could significantly reduce preferenced trading has been previously
debated in the literature. Kandel and Marx (1999) and Chorida and Subramanyam (1995) predict that profit
margins would reduce preferenced trading. In contrast, Easley, Kiefer, and O'Hara (1996), Bessembinder
and Kaufman (1997), and Battalio and Holden (2001) argue that preferencing could survive a reduction in
profit margin because preferencing oriented dealers obtain order flow with lower costs. Chung,
Chuwonganant, and McCormick (2004) shows that the reduction in profit margin after decimalization only
result in a decline in preferenced order flow by four percentage points
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I have shown that when preferenced trading is sustained, the share volume curve

will be pushed to "d". That is, the new rules resulted in the worst scenario, the third

outcome, in which quote-competition oriented positions are treated ''unfairly'' and the

slope of share volume sensitivity decreases. Since the three possible outcomes can be

uniquely identified by examining change in the share volume sensitivity, I use the

following hypothesis to examine whether the new order handling rules have resulted in

the worst outcome.

HI: The sensitivity of percentage share volume to relative quote

competitiveness decreased afterthe new order handling rules.

Besides affecting share volume sensitivity, the new order handling rules also

changed quote effectiveness on share volume. Since this paper defines quote

effectiveness as the ratio between percentage share volume and relative quote

competitiveness, in a quote-competition-only market, when competition intensifies, quote

effectiveness inevitable declines for every market participant because everyone has to

improve competitiveness in order to maintain share volume, which implies a smaller ratio.

However, because of preferenced trading, some positions could avoid such decline in

quote effectiveness. Figure 1.2 is used to explain why this could happen.

Figure 1.2 describes the division of the market based on Chung et al. (2004) and

the impacts from the new rules on different segments of the market. The square box

represents the NASDAQ market, which is effectively partitioned into two segments,

quote competition segment and preferencing segment. In the former segment, dealers

obtain order flow through quote competition while in the latter segment, dealers obtain
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order flow through preferencing. According to Chung et al. (2004), 80% of the market is

preferenced, leaving only 20% available for quote competition.

Positions in the quote competition segment are directly affected by the new rules.

These positions, which are quote-competition oriented, have to quote more aggressively

in order to maintain their order flow. More competitively quoted prices suggest decreased

profit margin for the quote-competition oriented positions. Because of the "best

execution" rule, the most competitive prices determine the profit margin for all positions

including preferencing oriented positions. Even though preferencing oriented positions

are not directly affected by the exogenous shock because they do not compete with

quotes, they still suffer from the decline in profit margin. If this decline is large enough to

make preferencing unprofitable, preferenced trading will decrease, suggesting a greater

proportion of the total order flow will be available for quote competition. As a result,

quote competitiveness improves and quote competition becomes more desirable in the

competition for order flow.

When there is no decline in preferenced trading, there will still be an improved

quote competitiveness and a reduced execution cost. The reduction in execution costs is a

direct result of more aggressive quotes from quote-competition oriented positions and

reinforced by the best execution rules. The improvement in quote competitiveness comes

primarily from quote-competition oriented positions as they have to quote more

aggressively following the exogenous shock in order to maintain market share while

preferencing oriented positions do not need to change their quote competitiveness. Even

though both groups could start to quote more aggressively, which would lead to a general
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improvement in quote competitiveness, relative speaking, quote-competition oriented

positions gain competitive strength while preferencing oriented positions lose

competitive strength. Since there is little change in the proportion of order flow available

for quote competition and preferencing, for quote-competition oriented positions, their

relative quote competitiveness increases significantly without corresponding increases in

share volume, which translates into decreased quote effectiveness. Whereas for

preferencing oriented positions, their relative quote competitiveness decreases

significantly without corresponding decreases in share volume, which translates into

increased quote effectiveness. Decreased quote effectiveness means greater difficulty for

quote-competition oriented positions to attract order flow, while increased quote

effectiveness for preferencing oriented positions reflects their ability to maintain share

volume with deteriorated competitiveness. The expected change in quote effectiveness is

stated as the second hypothesis below.

H2: Quote effectiveness increased (decreased) jor prejerencing (quote

competition) orientedpositions.

Both hypotheses one and two, if supported, suggest the new rules treated quote

competition oriented positions "unfairly" by making it increasingly difficult to obtain

order flow using quotes and at the same time, allowing preferencing oriented positions to

enjoy a sustained and large proportion of the total market share without being concerned

with improving quote competitiveness. This makes preferencing the more attractive

strategy in the competition for order flow. As a result, there should be a net exit of quote-
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competition oriented positions and a next entry of preferencing oriented positions.6 I

examine net entry and exit by different types of positions and the expected outcome is

stated as the third hypothesis below.

H3: There is a net exit ofquote-competition oriented positions and net

entry of preferencing oriented positions around the new order

handling rules

6 Wahal (1997) confirms that a large-scale entry and exit of dealers is associated with significant declines
(increases) in quoted spreads in the pre-reform period after controlling for changes in volume and volatility
on the NASDAQ market. Kandel and Marx (1999) argue that exogenous shock to quote competition should
leads to a net entry of dealers because entries of SOES dealers would be greater than exits of preferencing
dealers. Weston (2000) shows that average number of dealers decreases after the new order handling rules
when controlling for other factors.
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CHAPTER 3

METHODOLOGY AND DATA DESCRIPTION

3.1 Position Level Analysis and the Use of Relative Measures

In this study, the analysis of the relation between quote competitiveness and order

flow is at the position level using relative measures.

Quote competitiveness can vary across positions even for positions managed by

the same dealer. The same dealer taking a position in a more competitive stock may be

forced to quote more aggressively than he would in a less competitive stock. Even

without the differences in stock characteristics, a dealer has to behave differently in each

of his positions in consideration of capital constraints and his expertise and interests. A

position level analysis brings out critical aspects which would have otherwise been

overlooked in the examination of the relation between share volume and quote

competitiveness when dealer level or stock level data are used for analysis. Therefore,

regarding each position as an independent entity, results in a more exacting analysis.

The advantage of the relative competitiveness measure is the simplicity that can

be achieved when modeling the relationship between the change in quote competitiveness

and the change in share volume. A position's share volume is simultaneously determined

by the position's quote competitiveness and its competitors' quote competitiveness.

Models that only use a position's own quote competitiveness fail to address the second

11



factor, its competitors' quote competitiveness. The relative measure solves this problem

by incorporating both factors at the same time.?

Duration is used as the primary quote competitiveness measure. It is defined as

the average number of minutes a position's quotes stays on the inside per day. I test the

robustness of the results using three other competitiveness measures. These three

measures are percentage quoted spreads, number of quotes on the inside per day, and

number of quotes that improves the inside per day. Relative duration is calculated as

follows and other relative measures are calculated in the same manners.

(1.1)

where,

RDij = relative duration for dealer i in stockj;

DURij = duration for dealer i in stockj;

Nj = number of dealers in stockj;

This study also uses a relative measure for a position's share volume, the

percentage share volume, which is calculated for each position in the following manner.

7 Relative measures of quote competitiveness capture a position's quote competitive strength as compared
with other positions in the same stock. The following example illustrates the advantage ofusing a relative
quote competitiveness measure. Suppose we use the number of quote revisions to measure quote
competitiveness and all positions quote an average of 100 times per day at the beginning of the period.
Suppose that the average change in the frequency of quote revision for all positions is 20 times per day or
an increase of 20%, while for a particular position, the increase is only 10 times per day or an increase of
10%. A quote competitiveness measure would indicate that this position's quotes become 10% more
competitive than before. Relatively speaking, however, the competitive strength of this position has
weakened due to a greater improvement by its competitors. In this example, the relative quote
competitiveness of this positions after the change is captured by a relative measure of 0.92 (=1.1/1.2),
which correctly indicates the deterioration in its competitive strength.

12



Sv.
PSv. = IJ

IJ n

L:SV;j
;=1

where,

PSVij =percentage share volume for dealer i in stock};

SVij = share volume for dealer i in stock};

3.2 Data Description

(1.2)

The new order handling rules were implemented in phases, rather than in a single

market-wide event. My data includes 100 stocks that were brought under the new rules in

the first two batches. The first batch began trading under the new rules on January 20,

1997 and the second on February 10, 1997. The dealers' quotes, quote size, and inside

quotes are from the NASTRAQ CDs. Quote data from November 1, 1996 through

January 19, 1997, for the first batch of stocks, are pooled with quote data from November
,

1, 1996 through February 9, 1997, for the second batch of stocks, as the pre-reform quote

data. Quote data from January 21, 1997 to February 28, 1997, for the first batch of stocks,

are pooled with the quote data from February 11, 1997 to February 28, 1997, for the

second batch of stocks, as the post-reform quote data. The share volume data is obtained

from the NASDAQ Monthly Activity Report. This monthly publication reports total

share volume for each dealer in each stock. Total share volume in the last quarter of 1996

is considered as pre-reform share volume and total share volume from March 1997 to

May 1997 is considered as post-reform share volume.

For a stock to remain in the sample, it must have: (i) quote and transaction data in

each month during the period from November 1996 to February 1997; (ii) share volume

13



data for at least two months in the last quarter of 1996; and (iii) share volume data for at

least two months during the period from March 1997 to May 1997. A total of 97 stocks

meet these criteria, involving 2,376 positions. Out of the 2,376 positions, 352 positions

are either entries or exits. When testing the first two hypotheses, I exclude the entries and

exits and focus on the remaining 2,024 positions. When testing the third hypothesis, the

352 cases ofentry and exit are used.
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CHAPTER 4

EMPIRICAL FINDINGS

4.1 Descriptive Statistics

Panel A of Table 1.1 reports relative duration and percentage share volume for the

2,024 positions sorted into three evenly divided groups based on the ranking of relative

duration before the new order handling rules.8

Relative duration for the first group is 0.6169 before the new rules and 0.6331

after, a statistically insignificant increase of 0.0162. The interpretation of these numbers

is as follows: quote competitiveness of positions in this group is 61.69% of the average

level before the reform and increased to 63.31% ofthe average level after the reform. The

improvement in the quote competitiveness is 1.62% of the average level. The quote

competitiveness of positions in the second group is above but close to the average level:

106.57% before and 103.76% after the new rules with a significant deterioration of

2.81%. For the third group, relative duration before and after the new rules are both high

above the market average: 136.79% before and 139.59% after the new rules with a

significant increase of 2.80%. Changes in the other relative quote competitiveness

measures display a similar pattern across the four quartiles.

The change in percentage share volume, however, is not in the same direction as

change in the relative quote competitiveness. The percentage share vo.lume increased

significantly from 1.7885% to 1.9264% for the first group whose relative quote

8 I do not report the grand average because the grand average of the relative quote competitiveness across
all positions in the same stock is always equal to one.
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competitiveness did not improve significantly, whereas the it decreased significantly

from 6.8117% to 6.1005% for the third group whose relative quote competitiveness

improved significantly.

Panel B of Table 1.1 reports average stock volume, percentage of stock volume

by Electronic Communications Networks (ECNs), and the Hirschman-Herfindahl Index

(HHI) over the sample of 97 stocks. The total trading volume in each of the sample

stocks increases by 27.8 million shares. The HHI exhibits a decline of 214, which is

consistent with the decline in the percentage share volume. This suggests that each

position on average controls a smaller portion of the total share volume in a stock. The

average HHI is smaller than that reported by Weston (2000) because I use a stock's total

volume in the calculation, while Weston uses total volume by registered dealers. Share

volume by ECNs in the 97 sample stocks before the implementation of new rules

accounts for 2.11 % of the total stock share volume but increases to 3.11% in the post

implementation period. Although the increase is significant, the total share volume by

ECNs in the sample stocks immediately after the market reforms remained as a small

fraction of total volume.

4.2 Overall Reduction in the Sensitivity of Share Volume to Relative Quote

Competitiveness

Under the first hypothesis, I test whether the sensitivity of percentage share

volume to relative quote competitiveness decreases on average after the adoption of new

order handling rules. Equation (1.3) is used to test this hypothesis:

PSVij = ao + aJRQCij + a2Dij + a3(RQCiJ*Dij) + ~LNTj + asHj + 8(j (H/RQCij)

16



(1.3)

where, each of the variables is defined for dealer i in stock} as shown below:

PSV ::: percentage share volume;

RQC :::relative quote competitiveness;

LNT ::: log value of average daily number of trades of individual stock;

H ::: a dummy variable, which is assigned 1 if HHI is greater than or equal to

1,800; and

D ::: a dummy variable, which' is assigned 1 if the observation belongs to the

post-reform period and 0 otherwise.

In the regression model above, two stock level control variables are introduced,

LNT and H. The logged average daily number of trades is used to control for the liquidity

effect.9 In stocks with high trading activity, positions may have a lower PSV for two

reasons: (i) the same PSV means a greater volume in absolute magnitude, which forces

dealers to secure more resources; and (ii) competition for order flow may be more intense.

For these reasons, average PSV in high volume stocks may be smaller than in low

volume stocks. The HHI dummy variable is included because market concentration can

also affect the percentage share volume. lo In stocks where a few dealers dominate the

market, the percentage. share volume could be much higher for dominant dealers and

9 Smith (1998) observes the effects of the order handling rule changes and 16ths on the trading
characteristics of stocks with different levels of liquidity.

10 The US Department of Justice uses a cutoff value of 1800 when evaluating market concentration.
Markets with HHI greater than 1800 are considered to be concentrated.
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much lower for other dealers. I I Interactive term of the HHI dummy variable with RQC

will allow us to investigate how market concentration affects share volume sensitivity to

RQC.

The estimated coefficient of RQC measures the sensitivity of share volume to

quote competitiveness in the pre-reform period and the coefficient of the interaction

terms (RQC*D) measures the change in the sensitivity after the reform when HHI is less

than 1,800. When HHI is greater than or equal to 1,800, the sensitivity before the reform

and the change in sensitivity after the reform are al + ~and a3 + a7 respectively. The

coefficient a3 and a3 + a7 represent the changes in share volume sensitivity under different

market concentration levels. If the two values are negative, the first hypothesis is

supported. Regression results are reported in Table 1.2.

The estimated coefficient for relative duration and for the interaction terms

between relative duration and HHI dummy are positive and significant in all regressions

indicating that competitive quotes are effective in attracting share volume under both

market concentration levels. The significant and large positive value of~ shows that the

effectiveness increases with market concentration. This result is consistent with Chung et

al. (2002). The coefficient a3 is negative, indicating that the slope of the share volume

curve becomes flatter in the post-reform period when HHI is less than 1,800. The

coefficient a7 is negative but is insignificant and very small in magnitude, which means

that the change in sensitivity when HHI is greater than or equal to 1,800 is not very

11 Klock and McCormick (2002) find that share volume sensitivity is greater for stocks with low market
concentration while Chung et al. (2002) report the opposite.
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different from a3. The regression results show that changes in sensitivity are negative and

significant under both market concentration levels, which are consistent with the first

hypothesis.

Three other relative quote competitiveness measures are used to test the

robustness ofthe regression results. These three measures are: percentage quoted spreads,

number of quotes on the inside, and number of quotes that improves the inside. The

regression results are not reported but are qualitatively similar to the results shown in

Table 1.2.

4.3 Increased (Decreased) Quote Effectiveness for Preferencing (Quote-Competition)

Oriented Positions

Because there is no preferencing data available, direct tests of the second

hypothesis are not possible. So I undertake an indirect test of this hypothesis. I first

identify positions which gain share volume without significant improvement in

competitiveness, i.e., positions with increased quote effectiveness and positions which

lost share volume without a significant deterioration in competitiveness Le., positions

with decreased quote effectiveness. Then, I examine whether positions with increased

quote effectiveness are less competitive and are more likely to be in stocks with low

information asymmetry cost than positions with decreased quote effectiveness. If there is

such tendency, the second hypothesis will be supported because preferencing oriented

positions do not compete vigorously with quotes and the "sorting" and "cream

skimming" hypothesis imply that preferencing oriented positions prefer stocks with low

information asymmetry cost.
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I first sort the 2,024 positions into three categories based on the magnitude of the

changes in quote competitiveness. Positions with an increase of 0.2 or more in relative

duration (20% increases relative to the mean) are placed in the TOP category.12 Positions

with a decline of 0.2 or more in relative duration (20% decline relative to the mean) are

placed in the BOTTOM category; the rest of the positions are assigned to the MIDDLE

category. 13 Each of the three categories is then subcategorized as having either an

increased or decreased percentage share volume. As a result, a total of six subcategories

are created. Lastly, I consolidate the six subcategories into three groups depending upon

the relationship between the changes in relative quote competitiveness and the changes in

percentage share volume.

No significant improvement in relative quote competitiveness accompanied by

increase in percentage share volume implies increased quote effectiveness while no

significant •deterioration in relative quote competitiveness accompanied by a decrease in

percentage share volume implies reduced quote effectiveness. Therefore, quote

effectiveness increases for Group 1 positions and decreases for Group 3 positions after

the new rules. For Group 2 positions, percentage share volume and relative quote

12 The mean of the relative quote competition measure across all positions in the same stock should always
be equal to one. Any change in the relative quote competition therefore can be interpreted as percentage
change relative to the mean or the average quote competitiveness level. This interpretation allows us to
compare the magnitude of changes in the relative competitiveness from different levels. For example, an
increase of relative duration from 0.40 to 0.50 will be regarded as an equal improvement of increase from
1.10 to 1.20, 0.1 or 10% increase relative to the mean. If I use percentage change, the two increases become
25% [=(0.5-0.4)/0.4] and 9% [=(1.2-1.1)/1.1], which overstates the magnitude of increase from 0.4 to 0.5.

13 The ±0.2 cutoff points are chosen because they give us the most balanced distribution of positions in the
final three groups. I also tried ±O.10, ±O.l5, ±0.25, and ±0.30 as the cutoff points. My results remain largely
unchanged.
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competitiveness change in the same direction and the· quote effectiveness could either

increase or decrease.

After grouping positions, the following ordered logistic regression is used to

examine whether Group 1 positions, whose quote effectiveness increased, are more likely

to be preferencing oriented.

P(pGij) = a + alRQCj + azLill.QCij + a31ACj + atLNTj + asHHlj + f-ij, (1.4)

where subscripts i and j denote position and stock, respectively. P(PG) is the logit

probability of PG, which equals 1 for Group 1 positions; equals 2 for Group 2 positions;

and equals 3 for Group 3 positions. RQC is the relative quote competitiveness measure;

Lill.QC is change in the relative quote competitiveness; lAC is the cost of information

asymmetry; LNT and HHI are the logged number of trades per day and HerfindaW

Hirschman Index before the reform.

While the literature confirms a link between preferencing and low quote

competitiveness, the "cream skimming" hypothesis and the "sorting" hypothesis suggest

that preferencing positions prefer low information asymmetry. Therefore, to support the

second hypothesis, the coefficient for both RQC and information asymmetry cost (lAC)

should be negative. A negative RQC coefficient means that less competitive positions are

more likely to be in Group 1. A negative lAC means that positions in stocks with lower

the information asymmetry cost are more likely to be in Group 1.

I. follow Huang and Stoll (1996) when estimating the asymmetric information cost

for each stock by subtracting the realized spread from the effective spread. Average

effective spreads and realized spreads are calculated for each stock across all
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observations using the last two months of trades in 1996. Effective spreads average about

$0.26 across all stocks. Realized spreads are calculated for each stock at each price

location using a five-minute interval. Average realized spreads at bid and ask are $0.16

and $0.13, respectively. The average cost of asymmetric information is about $0.10 at

the bid price and $0.12 at the ask price. An equally-weighted average of asymmetric

information cost at bid and ask price locations is used as the proxy for the cost of

asymmetric information.

Table 1.3 reports average information asymmetry costs for each of the three

groups. For Group 1 positions, the average information asymmetry cost is 9.22 cents,

which is significantly lower than the 9.87 cents for Group 2 positions and the 9.86 cents

for Group 3 positions. When the other three competitiveness measures are used in the

identification procedure, Group 1 positions consistently display the lowest information

asymmetry cost among the three groups.

Table 1.4 reports regression results from equation (1.4) when relative duration is

used. The coefficient for relative duration is negative and significant, suggesting that

positions with low competitiveness are more likely to have an increased quote

effectiveness and positions with high competitiveness are more likely to have a decreased

quote effectiveness. The coefficient for the change in relative duration is also negative

and significant which is expected because keeping everything else constant, greater

increase in relative competitiveness leads to greater decline in quote effectiveness. The

negative and significant coefficient for lAC suggests that the probability of having

increased quote effectiveness is greater when a position is in stocks with low cost of
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information asymmetry. These results are consistent with the second hypothesis that

quote effectiveness increased (decreased) for preferencing (quote-competition) oriented

positions

The other three quote competitiveness measures are used as the RQC in

regression model (1.4) for robustness tests. The results are not reported but are

qualitatively comparable.

4.4 The Entry and Exit of Quote Competition and Preferencing Oriented Positions

To test the third hypothesis, I examine relative quote competitiveness and

information asymmetry costs for entries and exits using data surrounding the event date.

If the new order handling rules discourage quote competition, there should be a net exit

of positions with high competitiveness and a net entry of positions with low

competitiveness; and there should be a net exit of positions in stocks with high

information asymmetry costs and a net entry of positions in stocks with low information

asymmetry costs.

A sample of 352 positions is examined. When a position only has pre-reform

quote and share volume data, it is classified as an exit, and when a position only has post

reform quote and share volume data, it is classified as an entry. However, many of the

352 positions do not fit neatly into one of these two categories. Some positions have both

pre-reform and post-reform quote data but do not have share volume data for the two

months prior to reform. These positions are considered to be entries before the reform

took place. Yet, some other positions have both pre-reform and post reform quote data

but do not have share volume data for at least two months right after the reform. These
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positions are considered as exits after the reform took place. Using this definition, 177

positions are classified as exits while 169 positions are classified as entries. There are 6

positions that got in and got out very quickly around the reform and could not been

classified as either entry or exit. The analysis in this chapter focuses on the 177 exits and

169 entries.

Panel A of Table 1.5 reports the average information cost and the average relative

duration for entry and exit positions. Panel B reports the frequency of entries and exits

and net entries. All the entries and exits are separated into four groups based on the level

of their relative duration and information asymmetry costs of the stock involved. A

relative duration greater than one is considered "High," it is considered "Low" otherwise.

An information asymmetry cost above the average (0.11) is considered "High," it is

considered "Low" otherwise. For the two high relative duration groups, there is a net exit

with a greater net exit for the low asymmetric information cost group.

For the two groups with low relative duration, there is a net entry with a greater

number of net entries for the group with low lAC. This entry and exit pattern is consistent

with the expectations and supports the third hypothesis.

I use the other three competitiveness measures to replace relative duration in the

analysis above. The results are similar and are not reported to save space.
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CHAPTER 5

ROBUSTNESS IN THE PRESENCE OF BOTH LIMIT ORDERS

AND DEALERS' ORDERS

Prior to the reform, inside quotes reflected the dealer's best price while the quote

competitiveness measure proxies for the dealers' quote competitiveness. In the post

reform period, inside quotes may now be limit orders and quote competitiveness proxies,

calculated using inside quotes, may no longer reflect a dealers' quote competitiveness.

Consequently, the pre- and post-reform comparison of quote competitiveness may not

capture the changes in a position's quote competitiveness. In this chapter, I evaluate the

impact of limit orders on a position's quote competitiveness and test whether my findings

remain valid after quote competitiveness is adjusted to compensate for limit orders.

I observe an interesting empirical regularity in the quoting behavior of NASDAQ

dealers, and this regularity allows me to identify quotes that are likely from limit orders.

Before the new rules, NASDAQ dealers are required to quote at least 1,000 or 500 shares.

I find that NASDAQ dealers do not compete on depth. Using the inside quote data during

the last two months in 1996, for stocks in which dealers have to quote at least 1,000

shares, I find that almost 100% of all inside quotes are for 1,000 shares. When the first

batch of 50 stocks began trading under the new rules, the minimum quote size was

lowered to 100 shares. However, the minimum quote size for the second batch of 50

stocks brought under the new rules on 02/10/1997 was maintained at the original level of

either 1,000 or 500 shares. A sample of 45 of these stocks in which dealers have to quote

25



at least 1,000 shares from the second batch was selected and the frequency distributions

of inside quotes at different depths are shown in Panel A ofTable 1.6.

Before the reform, 99.94% of inside bids and 100% of inside asks are at 1,000

shares. After the reform, bids and asks prices with different depths began to appear.

Approximately 10% of these quotes are for less than 1,000 shares, 82% are exactly 1,000

shares, 7% are between 1,000 and 5,000 shares, and 1% are quotes for 5,000 shares or

more. Panel B of Table 1.6 reports total duration by inside quotes at different depths. The

distribution of duration at different depths is very similar to the frequency distribution of

inside quotes as reported in Panel A.

Since dealers in the these 45 stocks are required to quote at least 1,000 shares,

inside quotes offering less than 1,000 shares must be limit orders. Moreover, there is no

evidence to suggest that dealers will start to compete on depth after the new rules were

implemented. Thus, post-reform inside quotes greater than 1,000 shares are also very

li~.e1y to be limit orders. However, as the size of the order gets larger, the quotes become

increasingly less likely to be limit orders. This is because posting very large limit orders

puts the investor in an undesirable position. The large size of the order could affect the

stock price unfavorably even before the order is executed. Dealers, however, could use

ECNs to make large trades quickly. Before the reform, dealers could hide such quotes in

the ECNs, but the new rules require dealers to publicly disclose better quotes they post on

the ECNs. Thus, for quotes with size over 1,000 shares, if the size is between 1,000

shares and 5,000 shares, the quotes are considered to be limit order quotes, and if the size

is greater than 5,000 shares, the quotes are considered to be dealer quotes.
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Relative duration after the new order handling rules is adjusted for limit orders

using two methods. In the first adjustment method, quotes with exactly 1,000 shares and

quotes greater than 5,000 shares are designated as dealer quotes and the adjusted relative

duration is calculated as follows:

DUr,IK + Dur[5K,oo)
ARDI = IJ IJ (1 5)

if " Dur,~/ldep'h IN . .L... IJ J
i

where the subscript i and j refer to the dealer and stock, respectively; ARD1 is the

adjusted relative duration using the first adjustment method. The superscripts for the

variable 'Dur' refer to the ranges of depth: DurlK = duration of inside quotes with a depth

of 1,000 shares, and Dur[SK,ao) =: duration of inside quotes with a depth of 5,000 shares or

more; and N is the number of positions in stock j. This adjustment method may

understate the number of limit orders because limit order quotes may also be placed at

l,OOO shares. This is taken into consideration in the second adjustment method. In the

second method, I further reduce the duration of quotes with size of 1,000 by the

percentage increase in the number of quotes that have a size of 1,000 shares. The second

adjustment is as follows:

Dur,IK/(1 + r.~K %) + DUr,~5K,oo)
ARD2 = IJ IJ 'J(16)

if "D a/ldeplh IN .L... u'ij j
I

where all the variables are defined as in equation (1.5) except ARD2 and rlKij%. ARD2 is

the adjusted duration using the second adjustment method, and rlKij% is the percentage
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increase in the number of inside quotes with a depth of 1,000 shares for a position after

the reform.14

I run regression model (1.3) and (1.4) using RDUR, ARDl, and ARD2 with

positions in the subset of 45 stocks to examine whether my findings are consistent after

position's quote competitiveness is adjusted for limit orders. Regression results are

reported in Table 1.7 and Table 1.8. 15 My conclusions based on the adjusted relative

quote competitiveness remain the same as in the previous chapters.

For the third hypothesis, when the two adjusted relative quote competitiveness

measures are used, the results are mixed. There are more net exits by competitive

positions than by less competitive positions; however, there are also more net exits from

stocks with low information aSYmmetry costs.

14 I first calculate percentage change in the number of inside quotes with a depth of 1,000 shares for each
position. The r1Kij% = 0 if the percentage change is negative and r1Kij% = the percentage change if the
change is positive. This way, I avoid inflating a position's quote competitiveness when the percentage
change is negative.

15 When testing the second hypothesis, using adjusted relative duration, the same classification procedure as
in Figure 1.3 was followed. However, different cutoff points are used to maintain a relative balanced
distribution of positions in the three groups. This is necessary because the large downward adjustment in
post-reform duration leads to a small number of positions showing increases in relative duration, thus the
number ofGroup 3 positions become very small. When ARDI is used in grouping, the cutoff points are 0.1
and -0.3. When ARD2 is used in grouping, the cutoff points are -0.1 and -0.5. Keeping the ±O.2 cutoff
points does not alter my conclusions; however, a very small number of Group 3 positions limit the
usefulness of my findings. Thus, I choose to maintain a relative stable number of positions in each of the
three groups. Effectively, I am classifying about 1/3 of the positions as quote-competition oriented and 1/3
as preferencing oriented positions.
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CHAPTER 6

CONCLUSIONS

In this paper, I investigate whether the 1997 new order handling rules promoted

quote competition. My analysis and empirical evidence suggests that, inconsistent with

the intention of the rules, quote-competition oriented positions were impaired by the

introduction of more quote competition and sustained high level of preferenced trading.

First of all, the sensitivity between relative quote competitiveness and percentage

share volume decreased significantly after the implementation of the new rules. This

decline between quote competitiveness and share volume is a consequence of the

inequitable pressure put on quote-competition oriented positions. The new rules introduce

more quote competition which forces already competitive positions to make significantly

greater improvement in competitiveness than less competitive positions preferencing

oriented positions.

Secondly, positions with increased (decreased) quote effectiveness are less (more)

competitive and are more (less) likely to be associated with stocks with low information

asymmetry costs. This evidence is consistent with the conjecture that new order handling

rules have imposed unequal pressure upon quote-competition oriented and preferencing

oriented positions.

At last, there is a net entry of preferencing oriented positions and a net exit of

quote-competition oriented positions around the introduction of the new order handling

rules. This finding is consistent with the previous two findings which would inevitably

squeeze out quote-competition oriented positions.
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The findings by this paper suggest that preferencing is harmful in terms of

impeding the promotion of quote competition by well-intended policies. However, as

long as there is quote competition, preferencing cannot stop an improvement in quote

competitiveness. Moreover, preferencing cannot prevent the reduction in execution costs

due to the existence of the 'best execution' rule.

The evidence presented in this paper provides some important implications for

policy makers. First, greater spreads on the NASDAQ are not simply the result of not

enough quote competition. As many authors have argued, preferenced trading damages

the incentives for quote competition. This paper presents additional evidence in support

of this view. My findings suggest that preferenced trading is a circumstance that should

be addressed explicitly. Second, the 'best execution' rule has effectively forced the

outcome of quote competition in a segment of the market upon the entire market, and has

largely reduced the negative consequences of preferenced trading. The reinforcement of

the 'best execution' rule has probably also had the same effect on other non-competitive

behavior. Given this impact, the 'best execution' rule should be forcefully implemented

in order to minimize the inefficiency that has arisen from non-competitive behavior.

Third, policies that are intended to enhance quote competition, but which do not address

preferenced trading may have serious negative impacts on the market, such as reducing

the number of positions that compete for order flow through the use of aggressive quotes.
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PART TWO

THE TRADING VOLUME MIGRATION OF NYSE-LISTED

STOCKS FOLLOWING DECIMALIZATION
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CHAPTER 7

INTRODUCTION

Various studies have shown that a significant portion of the trading volume of

NYSE listed stocks, occurs on non-NYSE markets [Cochrane (1993), Bessembinder and

Kaufman (1997), Bessembinder (2003a), and Peterson and Sirri (2003)]. The situation

was especially acute for trades of less than 500 shares. Bessembinder (2003a) reports

that for the 100 largest NYSE-listed stocks, only 34% of the trades and 38% of the

trading volume for trades smaller than 500 shares were executed on the NYSE in June

2000. The current literature suggests that the large percentage of small size trades

executed off-NYSE is due primarily to preferenced trading.

In January 2001, the NYSE completed the transition from a fractional pricing

system to a decimal pricing system. 16 Theoretical studies suggest two consequences from

decimalization that would affect trading volume distribution for the NYSE-listed stocks.

The first is a reduction in preferenced trading and the second is an improvement in the

NYSE's relative quote competitiveness. Both consequences would positively impact the

NYSE's market share of trading at the expense ofthe market share ofnon-NYSE markets.

This potential trading volume migration is an important and intriguing issue, not yet

addressed in other studies. 17

16 Decimalized pricing on the NYSE was first introduced on August28, 2000 as a pilot program using only
seven stocks. Fifty seven stocks were decimalized September 25,2000,64 stocks on NoveJ1lber 7,2000,95
stocks in early December 2000, and the remainder on January 29,2001.

17 Abn et al. (1998) study the impact of Toronto Stock Exchange (TSE) decimalization on the competition
for order flow and find no order flow migration from the U.S. markets to the TSE. Oppenheimer and
Sabherwal (2003) document an increase in the US trading of TSE-listed stocks that are cross listed on the
NYSE or on the NASDAQ, but the increase is not at the expense of TSE volume. Kryzanowski and
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Chordia and Subrahmanyam (1995), Kandel and Marx (1999), and Harris (1999)

predict that preferenced trading will decline after decimalization. Reduced preferenced

trading implies that more order flow will be available for quote-based competition and

that order flow previously routed off-NYSE will be redistributed proportionally based

upon quote competitiveness, ceteris paribus. Previous studies have established that the

NYSE quotes more aggressively than the NASDAQ and regional exchanges. It follows

that, so long as the NYSE does not lose its superiority in quote competitiveness after

decimalization, the NYSE's market share will increase as some portion of previously

preferenced orders will be attracted to the NYSE.

Preferenced orders executed off-NYSE contain significantly lower information

content than non-preferenced orders executed on the NYSE [Easley, Kiefer, and O'Hara

(1996), Bessembinder and Kaufman (1997), and Lipson (2003)]. This is the result of non-

NYSE markets "cream skimming" low information content order flow from the NYSE. A

decline in preferenced trading which leads to increases in the NYSE's market share, may

have significant impact upon the NYSE's market quality. Reduced preferencing activity

resulting in less "cream skimming" implies that a greater proportion of the NYSE's

trades will be from low information content orders. Such a change could potentially

reduce information asymmetry costs on the NYSE.

Harris (1999) predicts that price improvements will be more frequent in

specialist-auction markets after decimalization. This prediction is verified by

Rubalcava (2005) find that TSE lost (won) order flow to the AMEX and to the NYSE for stocks with
(without) options after decimalization on the TSE.
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Bessembinder (2003b). Bessembinder (2003a) shows that competing stock markets

increase their probability of executing a trade when posting competitive quotes. The

NYSE's market share should therefore increase if it becomes relatively more competitive

either with or without a reduction in preferenced trading.

In this paper, I examine trading volume competition and distribution around the

implementation of decimalization. The main objectives ofthis paper are to investigate: (1)

whether there is significant trading volume migration after decimalization; and (2)

whether the migration is attributable to a reduction in preferenced trading and an

improvement in the NYSE's relative competitiveness after decimalization.

I find substantial trading volume migration for trades of less than 500 shares from

non-NYSE markets towards the NYSE after decimalization. Between June 2000 and

August 2001, the NYSE's market share of small size trades increased by approximately

20% across different market capitalization groups. 18 The majority of this increase

occurred after January 2001, the month decimalization was completed.

The trading volume migration is concentrated primarily in small size trades. For

medium size trades, migration to the NYSE was much less than for small size trades,

while large size trades experienced a slight migration away from the NYSE. Harris (1999)

predicts that large traders will use floor brokers and alternative trading systems more

18 Following Bessembinder (2003a), trades of less than 500 shares are considered to be small, trades of 500
shares or higher but under 5,000 shares are considered to be medium, and trades of 5,000 shares or more
are considered to be large trades.
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frequently after decimalization. 19 The smaller magnitude of the trading volume migration

to the NYSE for medium size trades and the migration away from the· NYSE for large

size trades probably reflect the confounding effects from the more frequent use of

alternative trading system by large traders.

I also find a substantial decrease in preferencing activity, which corresponds to

the trading volume migration in magnitude, significance, and timing. This finding

supports the position that trading volume migration to the NYSE was attributable to a

decline in preferencing activity. Further investigation reveals that the decrease in

preferenced trading significantly reduced information asymmetry costs on the NYSE for

large and medium capitalization stocks but not for small capitalization stocks. While this

result provides strong support for the conclusion that a reduction in preferencing activity

is responsible for the trading volume migration for large and medium capitalization

stocks, it rejects the same conclusion for small capitalization stocks. The differential

impact of a reduction in preferenced trading on the NYSE's information asymmetry cost

is consistent with the position that preferencing is most prevalent in larger and more

liquid stocks. Indeed, I find that 66.87% of small size trades for small capitalization

stocks were executed on the NYSE in June 2000 while only 36.28% for large

capitalization stocks were executed on the NYSE in the same month. Given the NYSE's

large percentage of small size trading volume for small capitalization stocks, the problem

of "cream skimming" is not as serious as for large capitalization stocks. As preferencing

19 Bacidore, Battalio, and Jennings (2003) examine traders' behavior after decimalization and find that
traders do not substantially reduce their use of limit orders in favor of market orders but decrease limit
order size and cancel their limit orders more frequently.
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activity declines, the migration of low information content orders back to the NYSE is

also less substantial for small capitalization stocks than for large capitalization stocks;

thus, information asymmetry cost does not decline significantly for small capitalization

stocks.

Additional evidence documented in this paper suggests that the NYSE's relative

quote competitiveness may have improved after decimalization. Regression analysis

indicates that changes in the NYSE's relative competitiveness contribute to the increase

in NYSE's percentage share of small size trading volume. Changes in the NYSE's

relative competitiveness seems to be more powerful in explaining trading volume

migration for small capitalization stocks than for large capitalization stocks. This

differential effectiveness is consistent with the differential impact on the NYSE's

information asymmetry cost from a decrease in preferenced trading, both suggest that the

competition for trading volume in the NYSE-listed stocks among stock markets is more

quote-based for small capitalization stocks.

Collectively, these results indicate that decimalization resulted in a trading

volume migration of small size trades, and the migration is attributable to both a

reduction in preferenced trading and an improvement in the NYSE's relative quote

competitiveness after decimalization. While the reduction in preferenced trading plays a

more important role in the trading volume migration for large capitalization stocks than

for small capitalization stocks, the improvement in the NYSE's relative competitiveness

plays a more important role for small capitalization stocks than for large capitalization

stocks.
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The rest of the paper is organized as follows: Chapter 8 discusses the related

literature; Chapter 9 discusses the data and methodology used in this paper; Chapter 10

examines the trading volume migration from June 2000 to August 2001; Chapter 11

examines the interaction between the reduction in preferenced trading and the migration

of trading volume; Chapter 12 investigates interaction between the change in relative

quote competitiveness and the migration of trading volume; and Chapter 13 gives the

conclusions ofthis study.
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CHAPTER 8

LITERATURE RELATED TO THIS STUDY

This study is related to the finance literature on preferenced trading on the NYSE,

impact from decimalization, and quote competition among stock markets for order flow

in NYSE-listed stocks.

Bessembinder (2003b), Chung, Chuwonganant, and Ding (2004), and Gibson,

Singh, and Yerramilli (2003) show that various spread measures decreased significantly

after decimalization.2o Chordia and Subrahmanyam (1995), Harris (1999), and Kandel

and Marx (1999) predict that preferenced trading will be greatly reduced by

decimalization because of large reduction in spreads. Chung, Chuwonganant, and

McCormick (2004) document that preferenced trading on the NASDAQ declined

significantly after decimalization but that the decline was only three percentage points.

The relatively small decline could be due to the short time horizon studied. A reduction in

preferenced trading is unlikely to be fully incorporated into the market instantaneously.

Rather, the decline could be gradual as the off-NYSE market makers adjust their

competition strategy. Moreover, the impact of decimalization on preferenced trading

could be asymmetrical across the NYSE and NASDAQ. This paper documents evidence

suggesting that, following an initial and significant decline in preferenced volume

immediately after the introduction of decimalization, the decline continued for several

months. A decrease in preferenced trading implies that order flow previously routed

20 Gibson, Singh, and Yerramilli (2003) show that the dollar value of the inventory and the information
component ofthe spreaddo not change significantly after decimalization.
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under preferencing agreements must be redistributed based upon quote competitiveness.

Since the NYSE is more aggressive in quotes, more trades will be executed on the

exchange [Blume and Goldstein (1997) and Bessembinder (2003a)].

Easley, Kiefer, and O'Hara (1996), Bessembinder and Kaufman (1997), and

Lipson (2003) show that information content is significantly lower for trades executed

off-NYSE.21 This is consistent with the presence of "cream skimming", which suggests

that preferencing dealers screen order flow for low information content orders. Other

studies, however, find evidence that is inconsistent with the "cream skimming"

hypothesis [Battalio (1997), Battalio et al. (1997), and Peterson and Sirri (2003)]. The

"cream skimming" hypothesis suggests that a reduction in preferenced trading should

lower the information asymmetry costs on the NYSE. This position is confirmed by

empirical evidence found in this paper. Such evidence not only relates trading volume

migration to reduced preferenced trading but also lends support to the "cream skimming"

hypothesis.

Blume and Goldstein (1997) investigate quotes and trades using a data set of over

2000 NYSE-listed common stocks and show that the NYSE posts more aggressive quotes

than competing markets but that non-NYSE markets attract additional order flow when

posting more competitive quotes. The authors also find that non-NYSE markets obtain a

significant portion of their order flow when posting inferior quotes, suggesting that they

obtain order flow for other reasons. Bessembinder (2003a) examines quote-based

21 Battalio and Holden (2001) show that order flow purchasers can use externally verifiable characteristics
to sort out low information content order flow.
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competition and trade execution costs focusing on the largest capitalization NYSE-listed

stocks. He finds that quotation strategies vary systematically with market condition, order

routing respond systematically to quote placement, and that trade characteristics, such as

size, affect execution. He also finds that 37% oftotal trades and 66% of off-NYSE trades

are completed when the executing market is not posting the best quotes and that

execution costs for off-NYSE trades when the executing market is not posting

competitive quotes are significantly higher. He concludes that there is substantial quote

based competition for order flow in NYSE-listed stocks, but that the quote-based

competition is not complete. These findings are consistent with Blume and Goldstein

(1997). Both studies imply that the NYSE could attract more trading volume by

becoming relatively more competitive.

Harris (1999) predicts that price improvements will be more common in

specialist-auction markets following decimalization. Bessembinder (2003b) verifies that

percent of shares receiving price improvement increased significantly on the NYSE but

not on the NASDAQ after decimalization. More frequent price improvements occurring

in specialist auction markets implies that the NYSE may have become relatively more

competitive after decimalization, which would lead to increased trading volume on the

NYSE. This paper documents additional evidence suggesting possible improvements in

the NYSE's relative competitiveness after decimalization.
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CHAPTER 9

DATA AND METHODOLOGY

9.1 Sample Selection and data

The sample of stocks used in this paper includes 300 common stocks listed on the

NYSE representing the largest, middle and smallest capitalization stocks. The 300 stocks

were selected from the set of all NYSE-listed common stocks. A stock was excluded if it

was first listed on the exchange after June 2000, de-listed between June 2000 and August

2001, decimalized before January 2001, or if it was not traded on the NASDAQ and at

least one of the regional exchanges in June 2000. Three additional stocks were also

excluded. Two Berkshire Hathaway, Inc. stock's (BRKA and BRKB) were eliminated

because they have very high prices and large spreads. Allied Products Corp. (ADP) was

also eliminated because it traded for approximately $1 in June 2000 and over $60 in

December 2000 with almost no trades between August 2000 and October 2000. This

process resulted in a sample of 1,291 NYSE-listed common stocks which were ranked

into three capitalization-size based groups based upon the stocks' capitalization in June

2000. The top one hundred stocks ranked in each of the three groups were selected and

labeled "large capitalization stocks", "medium capitalization stocks", and "small

capitalization stocks," respectively. This served as the final data set.

Capitalization data was obtained from the CRSP data set. Tick by tick quote and

trade data from 9:30 AM to 4:00 PM in each day in the month of June 2000, December

2000, February 2001, May 2001, and August 2001 was obtained from the TAQ CDs.

Trade and quote data are filtered following Bessembillder (2003a).
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9.2 Methodology

To determine whether there is trading volume migration after decimalization, I

compare the trading volume distribution in June 2000 to that in August 2001.

Decimalization started in August 2000 and the date of decimalization for the sample of

stocks deployed in this paper is January 200 ~. Selecting June 2000 as the starting month

allows for the examination of whether market participants react to decimalization in

anticipation of the event, while selecting August 2001 as the ending month allows for the

examination of whether the change in trading volume distribution is completed

immediately upon the events completion or if market participants adjust gradually.

Bessembinder (2003a) considers trades executed off-NYSE when the executing

market's quotes are non-competitive as orders diverted on the basis of various

preferencing agreements. He shows that execution costs for this type of trade are

significantly higher than for other trades. When trades are executed off-NYSE and the

execution market is not posting the best price, the time priority rule is violated.

This paper uses the percent of NYSE-on-NBBO-alone (NNA) trades that are executed

off-NYSE, as a proxy for the level of preferenced trading activity?2 If trading strictly

follows time priority, one hundred percent ofthe NNA-volume should be executed on the

NYSE because being on the NBBO alone means that the NYSE's quotes have strict time

priority over other stock markets. Thus, the NNA-volume that is executed off-NYSE

violates the time and must be from preferenced orders.

22 National Best Bid and Offer (NBBO) quotes consist of the lowest ask and highest bid price at any given
time for a stock across the U.S. stock markets.
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CHAPTER 10

TRADING VOLUME MIGRATION

10.1 Magnitude of the Migration by Trade Size Categories and Capitalization Groups

Table 2.1 compares the market shares in the sample ofNYSE-listed stocks across

stock markets by trade size categories and capitalization groups .in June 2000 and August

2001. Market share is measured as the percentage share of trades in Panel A and

percentage share oftrading volume in Panel B.

Panel A indicates that, for the large capitalization group, 36.28% of small trades,

71.51% of medium trades, and 93.95% of large trades were executed on the NYSE in

June 2000. In August 2001, the NYSE's percentage share of small, medium, and large

trades was 57.85%, 77.72%, and 92.19%, respectively. The change in the NYSE's market

share between these two months is 21.57, 6.21, and -1.77 for small, medium, and large

trades, respectively. The NASDAQ and the five regional stock exchanges executed a

significant portion of the total trades.23 For trades of small size, 25.97% was executed on

the NASDAQ and an average of 7.55% was executed on each of the five regional

exchanges in June 2000. In August 2001, the NASDAQ and the regional exchanges'

percentage share of small trades declined by 6.57% and 3.00% to 19.40% and 4.55%,

respectively. For trades of medium and large size, the NASDAQ and the regional stock

exchanges' market shares are lower than for small size trades, and there is a slight

increase for large trades for the non-NYSE markets. The distribution of trades on each of

23 The five regional exchanges include: the Boston Stock Exchange, the Chicago Stock Exchange, the
Cincinnati Stock Exchange, the Pacific Exchange, and the Philadelphia Exchange.
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the stock markets in June 2000 for the large capitalization group is similar to

Bessembinder (2003a).

When compared with the large capitalization stocks, a greater proportion of small

size trades and a smaller proportion of large size trades for the medium and small

capitalization stocks are executed on the NYSE. In June 2000, the NYSE's percentage

share of small size trades for both medium and large capitalization groups is

approximately 66%, and the NYSE's market share of large size trades for these two

groups of stocks is approximately 84%. Between June 2000 and August 2001, medium

and small capitalization groups experienced an increase in the NYSE's percentage share

of small trades by 20.26 and 18.75, respectively, and the increases in the NYSE's market

share of medium and large trades is smaller in magnitudes. It is apparent that the share

volume migration for these two groups of stocks is concentrated in small size trades for

large capitalization stocks.

There is an apparent difference in the change of market share among the three

capitalization groups. For the medium and small capitalization groups, the increase in the

NYSE's market share of medium size trades is greater than for the large capitalization

group. This is anticipated as large capitalization stocks trade at higher prices on average

than small capitalization stocks. Consequently, the dollar value of most of the medium

size trades for small capitalization stocks and the dollar value of many of the medium

size trades for medium capitalization stocks is comparable to the dollar value of small

size trades for large capitalization stocks. Despite the difference, the concentration of

migration in small size trades is observed across all capitalization groups and the
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magnitude ofthe migration towards the NYSE are comparable for different capitalization

groups.

In Panel B, similar patterns of trading volume migration can be observed when

the percentage share of trading volume is compared across markets by stock

capitalization groups and trade size categories. In summary, trading volume migration to

the NYSE is observed across different capitalization groups but is primarily concentrated

in small size trades.

10.2 When Did the Migration Start?

Given the large magnitude of the trading volume migration of small size trades, a

question of merit is when did the migration start and what was its cause? Past theoretical

and empirical studies indicate that decimalization could result in a trading volume

migration. In this section, I examine the change in the distribution of trading volume

around decimalization to address this question.

Table 2.2 reports changes in the distribution ofthe trading volume in the four sub

periods around decimali:iation. The pre-decimalization period is from June 2000 to

December 2000, the decimalization period is from December 2000 to February 2001, and

the two post-decimalization periods are from February 2001 to May 2001 and from May

2001 to August 2001, respectively. The two post-decimalization periods are introduced to

examine the impact of decimalization on trading volume migration over a longer time

horizon.

For large capitalization stocks, the percentage of small size trading volume

decreased 0.37 before decimalization on the NYSE, increased 0.74 on the NASDAQ, and
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decreased by an average of 0.07 on the regional exchanges in the pre-decimalization

period. The changes are all very small. The NYSE's percentage share of small size

trading volume increased by 5.12 in the decimalization period, and increased 12.23 and

4.09, respectively, in the two post-decimalization periods. The percentage small size

trading volume on the NASDAQ and on the regional exchanges decreased

correspondingly during these three periods with larger decreases on the NASDAQ market.

The NYSE's percentage share of medium size trading volume decreased before

decimalization, increased slightly in the decimalization period, then increased by even

smaller magnitude in the two post-decimalization periods. The percentage large size

trading volume declined in all four periods on the NYSE. The apparent difference among

small, medium, and large trade categories shows that trading volume migration is

concentrated in small size trades. The pattern of change in the distribution of small size

trading volume indicatesthat the migration startedafter decimalization and continued for

a period of time after the initial migration started.

The pattern of changes in the distribution of trading volume for the medium and

small capitalization groups is slightly different than that for the large capitalization group.

Most notably, across different trade size categories, there is a relatively large increase in

the NYSE's percentage trading volume in the pre-decimalization period, and there is

either a small increase or a small decrease in the first post-decimalization period.

However, the increase in the NYSE's percentage trading volume and the decrease in the

NASDAQ and regional exchanges' percentage trading volume are in much larger

magnitude in the decimalization period than in other sub-periods. Thus, I conclude that
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decimalization is also responsible for the trading volume migration for the medium and

small capitalization groups, but the impact of decimalization is somewhat different for

these two groups of stocks than for the large capitalization stocks.

After establishing that the observed pattern in trading volume migration is due to

decimalization, it is then necessary to address the question why decimalization would

lead to such a migration. Previous theoretical and empirical studies indicate two possible

channels through which the migration is materialized. The first is a reduction in

preferenced trading and the second is an improvement in the NYSE's relative

competitiveness. These two channels for trading volume migration are not mutually

exclusive. Based on the level of preferencing activity and the degree of quote-based

competition in a stock, each could be more or less important in different stocks.

In the next two sections, I examine whether trading volume migration materialized

through these two channels and whether they have played different roles across stock

groups. Therefore, the remainder of this paper will focus on the decimalization period

and post-decimalization periods for small size trades.
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CHAPTER 11

THE REDUCTION IN PREFERENCED TRADING AND

TRADING VOLUME MIGRATION

As discussed in Chapter 9, NYSE-on-NBBO-alone (NNA) trades that are

executed off-NYSE violate the time priority. Bessembinder (2003a) considers time

priority-violating trades as from orders routed off-NYSE under preferencing agreements.

In this paper, I use the percent ofNNA-volume that is executed off-NYSE as a proxy of

the level of preferencing activity. NNA-trade executed off-NYSE violates the time

priority, thus, must be from preferenced orders. The percent of NNA-volume that is

executed off-NYSE is smaller (larger) when preferenced trading activity is lower (higher),

therefore, proxies the level ofpreferencing activity.

The "cream skimming" hypothesis suggests that information asymmetry cost for

time-priority-violating-trades should be significantly lower than for other trades.

Bessembinder (2003a) confirms this for the 100 largest capitalization stocks on the

NYSE. Since this paper deploys a sample of stocks with various capitalization sizes, it is

necessary to examine whether the same result can be found for the medium and small

capitalization stocks. Information asymmetry cost is calculated as follows:

IACt = It * (Mt+5 - Mt) IMt (2.1)

where It is a trade direction variable which equals 1 for customer-initiated buys and

equals -1 for customer-initiated sells, Mt is the middle point of the NBBO quotes at the

48



time of trade t, and Mt+5 is the mid-point of the NBBO quotes five minutes after the trade

at time t?4

The average information asymmetry cost for time-priority-violating-trades and for

other trades is compared in Table 2.3. For each capitalization group, the information

asymmetry cost is significantly lower for time-priority-violating-trades than for other

trades except for the case of large size trades for small capitalization stocks. The results

reported in Table 2.3 are consistent with Bessembinder (2003a) and validate the use of

time-priority-violating trades as preferenced trades for all capitalization groups.

Using change in the percentage distribution of NNA-volume as a proxy for

preferenced trading level, I test whether the trading volume migration is attributable to a

reduction in preferenced trading in three steps: In the first step, I compare change in the

distribution of trading volume with the change in the distribution of NNA-volume in

order to establish a link between increase in the NYSE's market share and decrease in the

level of preferencing activity; In the second step, I examine change in information

asymmetry cost to establish that information asymmetry cost declined significantly on the

NYSE; and in the last step, I examine the relationship between change in information

asymmetry cost on the NYSE and change in the level of preferencing activity to establish

that reduced information asymmetry cost on the NYSE is significantly explained by

reduced preferenced trading.

Although finding a link between the increase in NYSE's market share and
j

decrease in preferenced trading activity in the first step would support the positions that

24 The algorithm recommended by Elli, Michaely, and O'Hara (2000) is use to assign buy or sell indicator
to each trade.
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trading volume migration is due to reduction in preferenced trading, it can not show how

important the decrease in the level of preferencing activity is for the gain in the NYSE's

market share. Therefore, additional evidence is needed to establish that substantial

portion of the gain in the NYSE's market share is due to a reduction in preferenced

trading activity. The "cream skimming" hypothesis suggests that: (l) information

asymmetry cost on the NYSE should decline significantly after the decline in preferenced

trading has led to an increase in the NYSE's market share; and (2) change in the

information asymmetry cost on the NYSE should be significantly positively correlated to

change in preferenced trading activity. These two implications from the "cream

skimming" hypothesis, if verified, would provide strong evidence that substantial portion

of the trading volume migration towards the NYSE can be attributed to a reduction in

preferenced trading. The second step, which examines change in information asymmetry

cost, and the third step, which examines the correlation between change in information

asymmetry cost and change in preferencing activity, will provide addition evidence on

the source of trading volume migration toward the NYSE.

11.1 Change in Percentage Trading Volume vs. Change in Preferenced Trading

Table 2.4 compares changes in the distribution ofNNA-volume to changes in the

distribution of percentage volume for the decimalization period and the two post

decimalization periods. Cross-sectional averages are reported in this table to enable

comparison of the significance in the changes.

For the large capitalization stocks, the percent of small size NNA-volume

executed on the NYSE increased significantly by 8.68, 6.61, and 2.40 in each of the three
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periods. The corresponding changes in the NYSE's percentage share of small size trading

volume in the three periods are 3.55, 7.09, and 2.66, respectively. An increase in the

NYSE's percentage share of NNA-volume means decrease in the percentage of NNA

volume that is executed off-NYSE, both indicate decrease in preferenced trading activity.

Therefore, the increase in the NYSE's percentage share of small size trading volume is

closely matched with a decrease in preferenced trading activity. For the NASDAQ and

the regional exchanges, the decreases in their percentage share of NNA-volume also

closely matches the decreases in their percentage share of trading volume in the small

size trade category in terms of timing, magnitude, and significance. This result suggests

that the loss of small size trading volume on the NASDAQ and the regional exchanges is

closely related to a decrease in their preferenced volume. The same pattern of changes in

the distribution of NNA-volume and change in the distribution of the percentage trading

volume can be observed for the medium and small capitalization groups.

To summarize, it is observed from Table 2.4 that decrease ill the level of

preferencing activity closely matches the increase in the NYSE's market share of trading

volume and the decrease in the non-NYSE markets' market share oftrading volume. This

is consistent with the position that reduced preferencing activity is responsible for the

trading volume migration towards the NYSE.

11.2 Change in Information Asymmetry Cost on the NYSE

Table 2.5 reports change in information asymmetry cost after decimalization for

the three capitalization groups across stock markets. The average information asymmetry

cost on the NYSE declined significantly across all capitalization groups and across all
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trade size categories in the decimalization period and in the first decimalization period.

Information asymmetry costs on the non-NYSE markets also declined significantly in

many cases. Bacidore (200 I) demonstrates that traders have less incentive to improve the

quality of their information after decimalization, which leads to les.s of an adverse

selection problem. Consistent with his predication, a market wide decline in the

information asymmetry cost is observed in Table 2.5. The most important result in this

table is that information asymmetry cost declined significantly on the NYSE, which is

consistent with the implication of the "cream skimming" hypothesis. This consistence

suggests that substantial portion of the trading volume migration is attributable to

decrease in preferencing activity.

11.3 Relationship between Change in Information Asymmetry Cost on the NYSE and

Change in Preferenced Trading

This section examines whether there is a significant correlation between the

decrease in information asymmetry cost on the NYSE and the decrease in preferencing

activity. If a reduction in preferenced trading contributes significantly to the increase in

the NYSE's percentage trading volume, information asymmetry costs on the NYSE

should significantly decline. At the same time, changes in the information level on the

NYSE may affect order routing decisions.25 This possible endogeneity problem needs to

be addressed when modeling the relation between change in information asymmetry level

25 The exact impact ofNYSE's information level on order flow is an empirical question. On the one hand,
higher information levels on the NYSE imply that fewer orders are qualified for preferencing, which results
in more orders being executed on the NYSE. On the other hand, higher information levels on the NYSE
may drive away liquidity traders to non-NYSE markets, which would result in fewer orders being executed
ontheNYSE.
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and change in the NYSE's percentage trading volume. I solve the endogenity problem

with a system of equations which is specified as follows:

~IACi = ao + al*LlPNAVSi + a2*PCTVMj + a3*LlPCTVMj + ~* RVj

+ a5*~Vi + 'l6*LMC j +a7*LTVi+ ag*ATSi+ a9*MTSi+ 8i (2.2)

(2.3)

In this system of equations, NIAC is the information asymmetry cost on the

NYSE and PNAVS is the NYSE's percentage share of small size NNA-volume. These

are the two endogenous variables. PNAVS proxies for preferenced trading activity. A

decrease in preferenced trading activity can be observed from the decrease in the percent

ofNNA-volume that is executed off-NYSE. Since PNAVS equals 1 minus the percent of

small size NNA-volume that is executed off-NYSE, a decline in preferenced trading

activity is reflected by an increase in PNAVS.

PCTVM is the percentage of total trading volume that is of medium size. Previous

literature has established that medium size trades contain the highest level of information.

PCTVM and LlPCTVM are included in equation (2.2) to control for cross-sectional

difference in information levels and possible changes in the average information level

between periods. RV is the trade to trade return volatility. RV and ~V are included in

equation (2.2) for the same reason as PCTVM and LlPCTVM. LMC is the log of market

capitalization, LTV is the log of total trading volume, ATS is the average trading price,
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and M TS is the change in average trading price. These variables are included in both

equations to control for possible cross-sectional difference in information asymmetry

costs and possible differences in the trading volume distribution due to stock

characteristics. Four additional control variables are included in equation (2.3) to control

for the potential impact of stock characteristics on trading volume distribution. These

four variables are, PCTVS, which is the percentage of total trading volume that are of

small size, ATP, which is the average trading price, and changes in these two variables.

All the changes are calculated for the period between 12/2000 and 08/2001 and all other

variables use the value on 12/2000. The system of equations is estimated simultaneously

using three stage least square method for the three capitalization groups separately.

Regression results are reported in Table 2.6. All the coefficients reported in Table 2.6 are

standardized so as to be comparable across capitalization groups.26

For the large capitalization stocks, the control variables LTV, ATS, and i1ATS

are significant in equation (2.2) and LTV, ATS, MTS, and MTP are significant in

equation (2.3), suggesting that stock characteristics do affect information asymmetry

level and the distribution of trading volume. The coefficient for LTV is positive in both

equations, indicating that there is a significant increase in information asymmetry cost

and increase in the percentage trading volume on the NYSE for more actively traded

stocks. The coefficients for ATS and M TS in both equations are negative, suggesting a

greater decline in information asymmetry costs and a greater decline in the NYSE's

percentage trading volume if a stock's average trading size is larger or if the average

26 Standardized coefficient is computed by dividing a parameter estimate by thl': ratio ofthe sample standard
deviation ofthe dependent variable to the sample standard deviation of the regressor.
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not significant, indicating that order flow does not switch to non-NYSE markets at times

of high information asymmetry costs and the reduction in preferenced trading does not

significantly change the level of information asymmetry on the NYSE. Thus, a significant

portion of the increase in the NYSE's percentage share of small size trading volume is

not due to a reduction in preferenced trading for small capitalization stocks. Though this

contrasts with the large and medium capitalization stocks, the difference may not be

surprising since there is less preferenced trading for small capitalization stocks than for

large and medium capitalization stocks. Panel B in Table 2.2 shows that the NYSE's

percentage share of small size trading volume increased 17.88 from 67.26% to 85.13%

for small capitalization stocks. If we assume that all of the 17.88% are from preferenced

orders, about 21% (=100*17.88/85.13) of the NYSE's post-decimalization small size

trading volume for the small capitalization stocks is from low information content orders,

whereas for the large capitalization stocks, about 34% (=100*21.07/62.11) is from low

information content orders. The smaller proportion of low infot:mation content orders

from reduction in preferenced trading for small capitalization stocks, thus, may not be

large enough to make a difference in information asymmetry cost on the NYSE.

11.4 Summary

Consistent with the positions that a reduction in preferenced trading activity is the

main reason for the trading volume to migrate towards the NYSE, I find that (l) the

trading volume migration matches. decrease in the proxy for the level of preferenced

trading activity in terms of timing, magnitude, and significance; (2) information

asymmetry costs decreased significantly on the NYSE after decimalization; and (3)
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decrease in the information asymmetry on the NYSE is significantly explained by a

reduction in preferenced trading for large and medium capitalization stocks but not for

small capitalization stocks. Therefore, I conclude that a substantial portion of the trading

volume migration is indeed attributable to the reduction in preferenced volume for large

and medium capitalization stocks but not for small capitalization stocks.
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CHAPTER 12

RELATIVE QUOTE COMPETITIVENESS AND

TRADING VOLUME MIGRATION

Having examined whether the reduction in preferenced trading contributes

significantly to the increase in the NYSE's percentage share of small size trading volume,

this section examines whether the change in NYSE's relative quote competitiveness

contributes to the trading volume migration. Relative quote competitiveness is evaluated

using three variables, relative duration, percentage share ofNBBO-improving quotes, and

relative realized half spread. Duration is defined as the average number of minutes per

day that quotes from a stock market are on the NBBO, and relative duration is duration of

a market divided by the average duration across all markets. A longer duration indicates

greater quote competitiveness and an increase in relative duration indicates improvements

in quote competitiveness relative to other stocks markets. Because relative duration is

standardized by the average duration, a value greater than 1 indicates above average

competitiveness. The percentage share of NBBO-improving quotes is a stock market's

percentage share of quotes that improve the NBBO quotes. A large percentage share of

the NBBO-improving quotes indicates very aggressive quoting behavior, which suggests

greater quote competitiveness relative to other markets. Realized half spread is defined as

follows:

(2.4)

where RSPDt is the realized half spread at time t. It is an indicator variable which equals

one if it is a customer initiated buy transactions and equals negative one if it is a customer
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initiated sales transactions. PI is the transaction price and U+5 is the middle point of the

NBBO quotes 5 minutes after the transaction at time t. Realized half spread measures the

compensation to liquidity providers net of information asymmetry for providing liquidity.

Smaller realized half spread indicates greater competitiveness as at any given information

asymmetry level, a smaller realized spread is associated with narrower quoted spreads

implying more aggressive quoting behavior. It should be noted that a smaller realized

spread can also be achieved by providing price improvement, i.e., executing orders within

the NBBO quotes, without narrowing quoted spreads. In this sense, the relative spread

captures the "hidden" aspects of "pricing" competitiveness that is not reflected in quotes.

Relative realized half spread is calculated using a stock market's realized half spread

divided by the average realized spread across stocks markets. Summary statistics of quote

competitiveness and relative quote competitiveness are reported in Table 2.7.

During the decimalization period, duration declined for all markets across all

three capitalization groups. For the large capitalization group, the decline is an average of

3 minutes for the NYSE, 5.87 minutes for each of the regional exchanges, and a stunning

279 minutes for the NASDAQ. While the declines are all statistically significant, the

magnitude of the decline for the NYSE and regional exchanges is small. The decrease in

the duration of 279 minutes for the NASDAQ implies almost complete withdrawal from

the NBBO by the NASDAQ dealers. The decline in duration for the NYSE and for the

regional exchanges for the medium and small capitalization groups during the

decimalization period is as comparable for the small magnitude as for the large

capitalization group, whereas the decline for the NASDAQ for these two capitalization
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groups is even larger than for the large capitalization group. The large decline in the

NASDAQ's duration is probably a result of the switch in NASDAQ dealers' competition

strategy. Preliminary investigations shows that quoted depth from NASDAQ dealers

increased significantly after decimalization. It is possible that NASDAQ dealers started to

quote less aggressive prices but more aggressive depth to signal a willingness to trade and

at the same time avoid "front running," a problem known to exist after decimalization. In

the two post-decimalization periods, there are only small changes in the NYSE's duration

and small declines for the regional exchanges' duration across the three capitalization

groups. For the NASDAQ, duration continued to decline in the first post-decimalization

period but increased in the second post-decimalization period.

Based on the change in duration, change in relative duration is calculated,

indicating the change in each market's competitiveness relative to the competing

markets' competitiveness. For the NYSE, relative duration improved significantly in the

decimalization period and in the first post-decimalization period across capitalization

groups. In the second post-decimalization period, the NYSE's relative duration declined

significantly for the large and medium capitalization groups. The change in duration

indicates that the increase in NYSE's relative duration is primarily due to a large decrease

by the NASDAQ. To the extent that longer time on the NBBO attracts more order flow,

large relative duration indicates greater competitiveness when comparing different

markets.

While change in the NYSE's percentage share of the NBBO-improving quotes is

not significant in the decimalization period across capitalization groups, there are
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significant increases in this statistic for the NYSE in the post-decimalization periods.

This suggests that the NYSE's relative quote competitiveness improved significantly in

the post-decimalization periods.

The realized half spread decreased significantly on all markets in all three

capitalization groups in the decimalization period, increased significantly in the first post

decimalization period for the large capitalization group, and increased significantly on the

NYSE only for the medium capitalization group. Changes in the relative realized half

spread are not significant except in the case of NASDAQ and regional exchanges in the

second post-decimalization period for the small capitalization stocks.

To summarize, there are signs of improved relative quote competitiveness for the

NYSE after decimalization. Based on relative duration, the NYSE's gain in relative

competitiveness is largely due to deterioration of competitiveness by non-NYSE market.

To test whether changes in the NYSE's relative competitiveness affects the

NYSE's percentage share of small size trading volume, a regression model is specified as

follows:

&TVSj = (X. + 131*L\RDURj + 132*~QIMP + 133*L\RRSPD i

+ 134*(P2*L\RDURj) + 135*(P2*~QIMPj) + 136* (p2*Llli.RSPDj)

+ 137* LMCj + 138* LTVj+ 139* PCTVSj+ 13lO*ATPj

+ 1311 *ATSj + 1312*RVj + Ej (2.5)

where "S' denotes change either between 12/2000 and 02/2001 or between 02/2001 and

08/2001, and subscript "i" refers to stock i. P2 is a period dummy variable, which equals

1 if a observation is for the period between 02/2001 and 08/2001. PTVS is the percentage
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share of small size trading volume, RDUR is the relative duration, QIMP is the

percentage share of the NBBO-improving quotes, RRSPD is the relative realized half

spread. The expected signs for RDUR and QIMP are positive and for RRSPD is negative

because larger relative duration, larger percentage share ofNBBO-improving quotes, and

smaller realized spread indicate greater competitiveness. The interactions between change

in the relative competitiveness variables and the period dummy variable indicate whether

there is a structural change in the relationship between the change in the percentage of

trading volume and the change in relative competitiveness in the post-decimalization

period.

The rest of the variables are control variables. LMC is the log of market

capitalization, LTV is the log of total trading volume, PCTVS is the percentage of total

trading volume that are from trades of less than 500 shares, ATP is the average trading

price, ATS is the average trading size, and RV is the trade to trade return volatility. These

variables are introduced in the regression model to control for stock characteristics. The

regression is conducted for each exchange for each capitalization group and the results

are reported in Table 2.8. All of the coefficients reported in the table are standardized so

as to be comparable across exchanges and across capitalization groups.

For the large capitalization group, ~RDUR is not significant in the regression for

the NYSE and the NASDAQ, but it is significantly positive for the regional exchanges.

~QIMP is significantly positive for the NYSE and for the NASDAQ but is not significant

for the regional exchanges. ~SPD is not significant for any markets. The interaction

between ~UR and P2 is significantly positive for the NYSE and the interaction
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between .6.QIMP and P2 is significantly positive for the regional exchanges. These results

indicate that the change in relative quote competitiveness can explain some of the change

in a market's percentage share of small size trading volume for large capitalization group

both in the decimalization period and in the post-decimalization period.

For the medium capitalization group, LillDUR is significantly positive, suggesting

that the change in the NYSE's percentage share of small size trading volume can be

attributed to the change in the NYSE's relative competitiveness in the decimalization

period. The interaction between LillDUR and P2 for the NYSE is also significant and

positive, suggesting that the significant and positive correlation between change in the

NYSE's percentage share of small size trading volume and change in the NYSE's

relative competitiveness in the decimalization period is strengthened in the post

decimalization period. Some of the relative competitiveness variables and interactions are

also significant and have the correct sign for non-NYSE markets, suggesting that losses

in the non-NYSE markets' percentage share of small size trading volume can be

attributed to the deterioration in their relative competitiveness.

For the small capitalization group, LillDUR is significantly positive for all

markets, .6.QIMP is significantly positive for the NYSE and for the NASDAQ, and the

interaction between LillDUR and P2 is significantly positive for the NYSE only. These

results suggest that a significant portion of the increase (decrease) in the NYSE's (non

NYSE markets') percentage share of small size trading volume can be explained by the

improvement (deterioration) in its (their) relative quote competitiveness for small

capitalization group.
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Comparing the regression results for the NYSE across capitalization groups, there

are indications suggesting that the explanatory power of change in the relative

competitiveness is greater for the small capitalization group than for large and medium

capitalization groups. The coefficient L\RDUR is insignificantly different from zero for

the large capitalization group but is a significantly positive 0.2023 for the small

capitalization group. The coefficient ilQIMP is insignificantly different from zero for the

medium capitalization group but is a significantly positive 0.3469 for the small

capitalization group. These differences suggest that improvement in the relative

competitiveness for the NYSE is more important in attracting additional trading volume

for the small capitalization group than for the large and medium capitalization groups.
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CHAPTER 13

CONCLUSIONS

In this paper, I document that the NYSE's percentage share of small size trading

volume increased by approximately 20 percentage points, across all stock capitalizations,

from June 2000 to August 2001. Empirical evidence shows that the large increase results

from decimalization on the NYSE that was completed in January 2001. Based upon

previous theoretical and empirical studies examining the impact of decimalization, I

examine two possible channels through which decimalization would cause trading

volume to migrate towards the NYSE. The first is a reduction in preferenced trading and

the second is the NYSE's improved relative competitiveness after decimalization. The

empirical evidence found in this paper suggests that both channels contributed to the

migration. However, comparison across stock groups with different capitalization reveals

that these two channels have differing importance in trading volume migration depending

upon the size of the stock. The reduction in preferenced trading plays a bigger role for

large capitalization stocks; whereas the improvement in the NYSE's relative

competitiveness plays a more important role for small capitalization stocks. The

differential importance of the two channels is consistent with the position that

preferenced trading is more prevalent in large and liquid stocks.
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Figure 1.1
Three Possible Outcomes after an Exogenous Shock Intensifies Quote Competition

Before the exogenous shock, share volume curve "a" describes the relation between percentage share
volume and relative quote competitiveness. After the exogenous shock intensifies quote competition, share
volume curve could shift to three different positions, "b", "c", and "d", to the right. The slope, or share
volume sensitivity to quote competitiveness is the same, steeper, and flatter for "b", "c", and "d",
respectively, when compared with "a".

a

Relative Quote Competitiveness
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Figure 1.2
Market Condition after an Exogenous Shock when Preferenced Trading is Sustained at High Level

Based on Chung et al. (2004), about 80% of total order flow is preferenced while only 20% available for
quote competition four years after the new order handling rules. If the new rules failed to reduce
preferenced trading while intensifying quote competition, positions that are quote-competition oriented
have to quote more competitively to keep the same share volume, whereas positions that are preferencing
oriented can remain less competitive and keep the same share volume. This results in reduced quote
effectiveness for quote-competition oriented positions and increased quote effectiveness for preferencing
oriented positions.

Relative quote
competitiveness
improves without
increase in share
volume

20%
Quote Competition Segment

Have to quote more
competitively to
keep the same share
volume

Relative quote
competitiveness
deteriorates without
loss in share volume

/
80%

Preferencing Segment

67

\
"- Can remain

uncompetitive and
keep the same share
volume



Figure 1.3
Identifying Positions with Increased Quote Effectiveness and Positions with Decreased Quote
Effectiveness

All sample positions are sorted into three categories based on the magnitude of the changes in quote
competitiveness. In the first step, positions with at least a 0.20 increase in relative duration (20% increase
relative to the mean) are placed in the TOP category. The positions with at least a 0.2 decline (20% decline
relative to the mean) are placed in the BOTTOM category; the rest of the positions are assigned to the
MIDDLE category. In the second step, each of the three categories is then subcategorized as having either
an increased or decreased share volume. As a result, a total of six subcategories emerge. In the final step,
the six groups of positions are consolidated into three groups depending on the relation between the
changes in quote competitiveness and the changes in share volume. Quote effectiveness increased for
Group 1 positions and decreased for Group 3 positions.
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Table 1.1 Descriptive Statistics

Table 1.1 presents the equally-weighted averages of all the variables used in this study: (i) relative duration;
(ii) relative percentage spreads; (iii) relative number of quotes that are on the inside per day, which is
referred to as "relative inside quotes"; (iv) relative number of quotes that improve the inside spread per day,
which is referred to as "relative inside improvements"; (vi) relative position share volume; (vii) stock share
volume; and (viii) the Hirschman-Herfindahl index (HRI) for the pre- and post-reform periods. The 2,024
positions are sorted into three even numbered woups based on the ranking of relative duration before the
new order handling rules. Numbers inside the parentheses are the p-values for significant tests of equal
means before and after the reforms.

Panel A Position Characteristics
Relative

(1) (2) (3)
Duration Before
the new OHRs

Low Median High

Relative Duration
Before 0.6169 1.0657 1.3679
After 0.6331 1.0376 1.3959

0.0162 -0.0281 0.0280
Change (0.1935) (0.0256) (0.0542)

Relative Quoted S reads
Before 1.0707 0.9727 0.9466
After 1.0848 0.9683 0.8952

0.0141 -0.0044 -0.0514
Change (0.1124) (0.5013) «.0001)

Relative Inside Quotes
Before 0.7754 1.0476 1.2076
After 0.7651 1.0571 1.2756

-0.0103 0.0094 0.0680
Change (0.4924) (0.4930) (0.0001)

Relative Inside 1m )rovements
Before 0.6471 1.0629 1.6993
After 0.7515 1.0926 1.5777

0.1045 0.0296 -0.1216
Change «.000I) (0.2742) (0.0008)

Percentage Share Volume (%)
Before 1.7885 4.3885 6.8117
After 1.9264 4.1444 6.1005

0.1379 -0.2442 -0.7114
Change (0.0501) (0.1087) (0.0002)

PanelB. Stock Characteristics
Volume % bvECN HHI

Before 75,447 2.1183 1,155.40
After 103,275 3.1078 941.89

27,828 0.9895 -213.51
Change (0.0004) «.0001) (0.0001)
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Table 1.2 Share Volume Sensitivity to Relative Quote Competitiveness

The following regression model is used to test the first hypothesis:

PSVij = llo + a\RQCij + a2Dij + a3(RQCY*Dij) + a4LNTj + asHj + !l<;(H/RQCij)
+a7(Hj*RQCij* Dij) + Eij, (1.3)

where, subscripts i and j denote position and stock, respectively; PSV = relative position share volume;
RQC = relative quote competitiveness; D = a dummy variable, which is assigned I if the observation
belongs to the post-reform period and 0 otherwise; LNT = logged average daily number of trades; and H =
HHI dummy variable, which is assigned I ifHHI is greater than or equal to 1,800. Relative duration is used
as the RQC. Figures in parenthesis are the p-values.

(1) (2) (3) (4) (5)

6.6143 -2.3817 -1.7105 -1.7078 5.7968
Intercept (<.0001) «.0001) (<.0001) (<.0001) «.0001)

6.2478 6.1745 5.5193 5.5104 5.5358
RQC «.0001) «.0001) (<.0001) «.0001) «.0001)

1.9330 2.0292 1.6889 1.6878 1.7207
D «.0001) «.0001) «.0001) (<.0001) «.0001)

-2.0214 -2.0231 -1.6970 -1.6834 -1.6527
RQC*D «.0001) «.0001) «.0001) «.0001) «.0001)

-1.3319 -1.1384
LNT (<.0001) «.0001)

7.0069 -8.1741 -8.2572 -10.8886
H «.0001) «.0001) «.0001) «.0001)

14.6195 14.8012 15.0290
H*RQC «.0001) «.0001) «.0001)

-0.3512 -0.6884
H*D*RQC ( .6273) ( .3134)
Adjusted
R-square 0.2779 0.2229 0.2620 0.2619 0.3424
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Table 1.3 Information Asymmetry Cost for the Three Subgroups

All positions are categorized into three subgroups. Group I is characterized by no significant improvement
in relative quote competitiveness but with a share volume increase; Group 2 is characterized by the co
movement of changes in relative quote competitiveness and changes in share volume; and Group 3 is
characterized by no significant deterioration in relative quote competitiveness but with a share volume
decline. Five different measures of relative quote competitiveness are used, including: (i) duration; (ii)
percentage quoted spreads; (iii) number of quotes on the inside; and (iv) number of quotes improves the
inside. In column I through 3, the first figure in each cell is the mean information asymmetry cost, the
second figure is the median, and the third figure is the standard deviation. In the last column, the first
figure is the p-value of the significant test of equal means between Group I and Group 2, the second figure
is for the test between Group I and Group 3, and the last figure is for the test between Group 2 and Group 3.

Relative Quote
Group 1 Group 2 Group 3 p-value

Competitiveness Used

0.0922 0.0987 0.0986 0.0458
(0.0826) (0.0983) (0.0930) 0.0454

Duration <0.0596> <0.0568> <0.0583> 0.9774

0.0924 0.0985 0.0984 0.0746
Percentage Quoted (0.0826) (0.0983) (0.0956) 0.0563
Spread <0.0608> <0.0556> <0.0582> 0.9892

0.0924 0.0976 0.0996 0.1140
Number of Quotes on (0.0826) (0.0982) (0.0982) 0.0202
the Inside <0.0593> <0.0566> <0.0586> 0.5078

0.0919 0.0983 0.0985 0.0450
Number of Quotes (0.0818) (0.0982) (0.0930) 0.0609
Improves the Inside <0.0597> <0.0576> <0.0578> 0.9634
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Table 1.4 Ordered Logistic Regressions Using Relative Duration

The following ordered logit regression model is used to test whether positions with increased (decreased)
share volume sensitivity are preferencing (quote-competition) oriented. All positions are categorized into
three subgroups. Group 1 is characterized by no significant improvement in quote competitiveness but with
a share volume increase (increased share volume sensitivity); Group 2 is characterized by the co-movement
of changes in quote aggressiveness and changes in share volume (undetermined change in share volume
sensitivity); and Group 3 is characterized by no significant deterioration in quote competitiveness but with
a share volume decline (reduced share volume sensitivity):

(1.4)

P(PG) is the logit probability of PG, which equals 1 for Group 1 positions; equals 2 for Group 2 positions;
and equals 3 for Group 3 positions; RQC measures relative quote competitiveness; ~RQC is change in the
relative quote competitiveness; lAC is the cost of information asymmetry; LNT is the logged average
number of trades per day before the reform; and HHI is the Herfindahl-Hirschman Index before the reform.
Subscripts i and j denote market maker and stock, respectively. Relative duration is used as the RQC
measure. The bottom figure in each cell is the marginal effect for one unit change of standard deviation
from the mean with all other variables evaluated at their means.

(1) (2) (3) (4)

-0.2933 -0.2888 -0.2923 -0.2896
Relative ( .0107) ( .0120) ( .0110) ( .0117)
Duration <-0.0221> <-0.0228> <-0.0230> <-0.0218>

-1.3072 -1.3073 -1.3138 -1.3105
ARelative «.0001) «.0001) (<.0001) «.0001)
Duration <-0.0933> <-0.0946> <-0.0956> <-0.0936>

-1.4060 -1.5368 -1.5402 -1.5638
( .0481) ( .0313) ( .0311) ( .0287)

lAC <-0.0170> <-0.0187> <-0.0188> <-0.0189>

-0.0707 -0.0510
( .0198) ( .2030)

LNT <-0.0173> <-0.0146>

0.0002 0.0001
( .0345) ( .4488)

RRI <0.0165> <0.0085>

Max-rescaled
R-Square 0.0766 0.0795 0.0789 0.0798
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Table 1.5 Information Asymmetry, Relative Quote Competitiveness, and Frequency for
Entries and Exits

Information asymmetry cost greater than or equal to the sample average of $0.11 is considered to be high
and is considered to be low if otherwise. Relative duration is considered to be higher if it is greater than or
equal to 1 and is considered to be low if otherwise.

Panel A

Entries Exits

Relative Information Relative Information Relative Inf~rmation

Duration Asymmetry Duration Asymmetry Cost Duration Asymmetry Cost

High High 1.28 0.1675 1.28 0.1556

High Low 1.38 0.0723 1.21 0.0681

Low High 0.51 0.1569 0.63 0.1623

Low Low 0.53 0.0657 0.54 0.0542

Panel B
Relative Information

Entry Exit
Net

Duration Asymmetry Entries

High High 23 27 -4

Low High 53 51 2

High Low 24 40 -16

Low Low 69 59 10
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Table 1.6 Frequency Distribution and Duration of Quotes on the Inside at Different Depth Levels

Panel A compares frequency distribution of inside quotes per day at different depth level before and after the reform. Panel B compares daily duration for inside
quotes at different depth. The sample is 45 stocks that are brought under the new OHR in 02/97 and in which dealers are required to quote at least 1,000 shares.

Panel A

Depth
Frequency Distribution of Inside Bids Frequency Distribution of Inside Asks

Before After Before After
100 0 0.00% 641 2.62% 0 0.00% 486 2.04%
(100,500) 0 0.00% 722 2.95% 0 0.00% 669 2.80%
500 0 0.00% 565 2.31% 0 0.00% 541 2.27%
(500,1000) 0 0.00% 428 1.75% 0 0.00% 507 2.12%
1,000 15,094 99.94% 20,252 82.78% 14,298 100.00% 19,541 81.92%
(1000,5000) 8 0.05% 1,654 6.76% 0 0.00% 1,854 7.77%
r5000,00) 1 0.00% 202 0.83% 0 0.00% 256 1.07%

Panel B

Depth
Duration for Inside Bids Duration for Inside Asks

Before After Before After
100 1 0.00% 1,779 2.48% 0 0.00% 1,143 2.48%
(100,500) 0 0.00% 2,174 3.04% 0 0.00% 2,098 3.04%
500 0 0.00% 1,326 1.85% 0 0.00% 1,542 1.85%
(500,1000) 0 0.00% 1,463 2.04% 0 0.00% 1,799 2.04%
1,000 92,809 99.88% 58,773 82.08% 83,222 100.00% 57,335 82.08%
(1000, 5000) 111 0.12% 5,088 7.11% 2 0.00% 5,930 7.11%
[5000,00) 3 0.00% 997 1.35% 0 0.00% 1,127 1.39%
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Table 1.7 Share Volume Sensitivity to Adjusted Relative Quote Competitiveness

This table reports regression results using model (1.3) with positions in 45 stocks that are brought under the
new order handling rules in 02/97 and in which market makers are required to quote at least 1,000 shares.
Relative duration after the reform in the first regression is not adjusted for limit orders, while it is adjusted
for limit orders in the second and third regressions. Relative duration after the reform in the second and
third regressions is calculated using equation (1.5) and (1.6), respectively

DU~IK + DU~[SK.oo)

ARDl.. = 1] . 1]

1] ""'. D alldepth INL..J urij j

i

DU~~K /(1 + r.IK %) + DU~[5K.OO)
ARD2 = 1] 1] 1]

ij "'" Du~~lIdepthIN .L..J 1] }

i

(1.5)

(1.6)

where the subscript i and j refer to dealer and stock respectively; The superscripts for the variable 'Dur'
refer to ranges of depth: DurlK = duration from inside quotes with depth of 1,000 shares, and Dur[5K,oo) =
duration from inside quotes with depth of 5,000 shares or more; rlKij% is the percentage increase in the
number of inside quotes with depth of 1,000 shares for a position after the reform; and N is the number of
positions in stockj.

RQC=RDUR RQC=ARDI RQC=ARD2

6.3660 6.3138 6.4378
Intercept «.0001) «.0001) «.0001)

5.4355 5.4574 5.4351
RQC «.0001) «.0001) «.0001)

2.0452 2.8662 3.5907
D «.0001) «.0001) (<.0001)

-2.0080 -2.3285 -1.9090
RQC*D «.0001) «.0001) ( .0002)

-1.2697 -1.2656 -1.2808
LNT «.0001) «.0001) (<.0001)

-9.7713 -8.3664 -9.8610
H «.0001) «.0001) «.0001)

12.4875 11.2195 12.5499
H*RQC «.0001) «.0001) «.0001)

1.5755 4.2591 4.0483
H*D*RQC (0.1792) ( .0011) ( .0028)
Adjusted
R-square 0.2980 0.2938 0.2804
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Table 1.8. Ordered Logistic Regression with Adjusted Quote Competitiveness

This table reports regression results using equation (1.4) with positions in 45 stocks that are brought under
the new order handling rules in 02/97 and in which market makers are required to quote at least 1,000
shares. Relative duration after the reform in the first regression is not adjusted for limit orders, while it is
adjusted for limit orders in the second and third regressions. Relative duration after the reform in the
second and third regressions is calculated using equation (1.5) and (1.6), r~spectively

DurlK + Dur~5K,oo)
ARDI = IJ IJ

ij " Dur.~lldeplh IN .LJ IJ J
i

(1.5)

DurlK /(1 + r~K %) + Dur~5K,oo)
ARD2 = IJ IJ IJ ( )

ij " D alldeplh IN 1.6LJ U'ij j
i

where the subscript i andj refer to dealer and stock respectively; The superscripts for the variable 'Dur'
refer to ranges of depth: DurlK = duration from inside quotes with depth of 1,000 shares, and Dur[5K,<XJ) =
duration from inside quotes with depth of 5,000 shares or more; r1Kij% is the percentage increase in the
number of inside quotes with depth of 1,000 shares for a position after the reform; and N is the number of
positions in stockj.

RQC=RDUR RQC=ARDl RQC=ARD2

-0.3392 -0.3.473 -0.1874
Relative ( .0294) ( .0257) (0.2961)
Duration <-0.0279> <-0.0296> <-0.0168>

-1.5247 -1.5055 -2.0811
ARelative «.0001) «.0001) «.0001)
Duration <-0.1150> <-0.1183> <-0.1627>

-2.1509 -2.5164 -2.4948
( .0325) ( .0130) ( .0178)

lAC <-0,0273> <-0.0331> <-0,0345>
-0,0175 0.0089 -0.0179

( ,7916) ( .8930) ( .7913)
LNT <-0.0045> <0,0023> <-0.0049>

0.0001 0.0003 0.0002
( .4264) ( .0934) ( .1880)

HHI <0,0154> <0.0309> <0.0247>

Max-rescaled
R-Square 0.1030 0.1105 0.1469
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Table 2.1
Share Volume Migration between June 2000 and August 2001

Reported is the distribution of trades and trading volume on the NYSE (N), NASDAQ (T), and regional stocks exchanges (R) in 06/2000 and in 08/2001 for 300
NYSE-listed stocks that are decimalized in January 2001. Regional exchanges include the Boston Stock Exchange, the Chicago Stock Exchange, the Cincinnati
Stock Exchange, the Pacific Exchange, and the Philadelphia Exchange. Panel A reports the percentage share of trades and Panel B reports the percentage share of
trading volume. Numbers reported ~der R is the average calculated across regional stocks exchanges. Small trades are those of less than 500 shares, medium
trades are those between 500 and 5000 shares, and large trades are those exceeding 5,000 shares.

A. Percentage share oftrade

Large Capitalization Medium Capitalization Small Capitalization

N T R N T R N T R
Small trades

06/2000 36.28 25.97 7.55 66.64 14.29 3.81 66.87 13.53 3.92
08/2001 57.85 19.40 4.55 86.90 6.29 1.36 85.62 6.30 1.62
Change 21.57 -6.57 -3.00 20.26 -8.00 -2.45 18.75 -7.23 -2.30

Medium trades
06/2000 71.51 11.86 3.33 76.08 12.54 2.28 71.59 13.03 3.08
08/2001 77.72 10.15 2.43 87.53 6.50 1.19 82.69 6.73 2.12
Change 6.21 -1.71 -0.90 11.45 -6.05 -1.08 11.10 -6.30 -0.96

Large trades
06/2000 93.95 2.75 0.66 84.70 10.00 1.06 83.28 10.16 1.31
08/2001 92.19 3.61 0.84 90.29 6.12 0.72 87.20 7.23 1.11
Change -1.77 0.86 0.18 5.59 -3.88 -0.34 3.93 -2.92 -0.20

All trades
06/2000 54.39 18.71 5.38 72.12 13.23 2.93 70.14 13.09 3.35
08/2001 68.49 14.46 3.41 87.25 6.36 1.28 84.62 6.48 1.78
Change 14.10 -4.25 -1.97 15.13 -6.87 -1.65 14.48 -6.60 -1.58
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B. Percentage share of trading volume

Large Capitalization Medium Capitalization Small Capitalization

N T R N T R N T R

Small trades

06/2000 41.03 24.04 6.99 68.05 14.18 3.56 67.26 13.57 3.83
08/2001 62.11 17.43 4.09 87.30 6.21 1.30 85.13 6.37 1.70
Change 21.07 -6.60 -2.89 19.26 -7.97 -2.26 17.88 -7.20 -2.13

Medium trades

06/2000 78.41 9.23 2.47 77.36 12.69 1.99 72.81 12.90 2.86
0812001 81.59 8.26 2.03 88.48 6.11 1.08 83.16 6.68 2.03
Change 3.18 -0.97 -0.44 11.12 -6.57 -0.91 10.35 -6.22 -0.83

Large trades

06/2000 93.47 3.17 0.67 86.53 8.91 0.91 82.85 11.52 1.13
08/2001 88.75 6.10 1.03 82.84 12.51 0.93 84.70 10.82 0.89
Change -4.72 2.93 0.36 -3.69 3.61 0.02 1.86 -0.70 -0.23

All trades

06/2000 85.86 6.22 1.59 81.54 10.81 1.53 77.96 12.19 1.97
0812001 84.89 7.46 1.53 85.59 9.26 1.03 84.10 8.60 1.46
Change -0.97 1.24 -0.05 4.05 -1.55 -0.50 6.14 -3.59 -0.51
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Table 2.2
Change in Percentage Share of Trading Volume around Decimalization

Reported are changes in the percentage share of trading volume on the NYSE (N), NASDAQ (n, and regional stocks exchanges (R) in 300 NYSE-listed stocks
that are decimalized in January 2001. Regional exchanges include the Boston Stock Exchange, the Chicago Stock Exchange, the Cincinnati Stock Exchange, the
Pacific Exchange, and the Philadelphia Exchange. Numbers reported under R is the average calculated across regional stocks exchanges. Small trades are those
ofless than 500 shares, medium trades are those between 500 and 5000 shares, and large trades are those exceeding 5,000 shares.

Large Capitalization Medium Capitalization Small Capitalization

N T R N T R N T R

Small trades

06/00 - 12/00 -0.37 0.74 -0.07 4.26 -1.09 -0.63 4.84 -2.56 -0.46
12/00 - 02/01 5.12 -2.67 -0.49 9.81 -6.35 -0.69 8.61 -4.59 -0.80
02/01 - 05/01 12.23 -3.45 -1.76 0.48 0.77 -0.25 -1.30 1.13 0.03
05/01 - 08/01 4.09 -1.22 -0.57 4.71 -1.30 -0.68 5.72 -1.19 -0.91

Medium trades

06/00 - 12/00 -1.85 1.16 0.14 1.10 -0.20 -0.18 1.62 -1.64 0.00
12/00 - 02/01 3.58 -2.22 -0.27 7.11 -6.18 -0.19 7.88 -4.52 -0.67
02/01- 05/01 1.34 0.12 -0.29 -1.10 0.64 0.09 -2.11 0.27 0.37
05/01 ~ 08/01 0.11 -0.03 -0.02 4.01 -0.84 -0.64 2.95 -0.34 -0.52

Large trades

06/00 - 12/00 -0.97 0.23 0.15 -2.33 2.02 0.06 0.31 -0.65 0.07
12/00 - 02/01 -0.60 1.18 -0.12 2.30 -3.14 0.17 -0.68 1.45 -0.15
02/01- 05/01 -0.92 0.41 0.10 0.97 -1.11 0.03 4.35 -3.68 -0.13
05/01 - 08/01 -2.23 1.11 0.22 -4.64 5.84 -0.24 -2.13 2.19 -0.01
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Table 2.2 (Continued)
Change in Percentage Share of Trading Volume around Decimalization

Large Capitali~tion Medium Capitalization Small Capitalization

N T R N T R N T R

All trades

06/00 -12/00 -0.88 0.41 0.09 -0.53 0.91 -0.07 0.87 -1.15 0.06
12/00 - 02/01 1.05 -0.08 -0.19 4.73 -4.67 -0,01 3.42 -1.66 -0.35
02/01 - 05/01 -0.40 0.44 -0.01 0.03 -0.19 0.03 1.22 -1.50 0.06
05/01- 08/01 -0.74 0.47 0.05 -0.17 2.40 -0.44 0.63 0.72 -0.27
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Table 2.3
Information Asymmetry Cost for TPV-Trades and Non-TPV-Trades

Reported is average information asymmetry cost in 06/2000 in 300 NYSE-listed stocks that are
decimalized in January 2001. Time-priority-violating (TPV) trades are those executed off-NYSE while the
executing exchanges are not on the NBBO. Small trades are of less than 500 shares, medium trades are
those between 500 and 5000 shares, and large trades are those exceeding 5,000 shares. Information
asymmetry cost is calculated as follows.

(2.1)

where It is a trade direction variable which equals 1 for customer-initiated buys and equals -1 for customer
initiated sells, Mt is the middle point ofthe NBBO quotes at the time of trade t, and Mt+5 is the middle point
of the NBBO quotes five minutes later. *** indicates significant levelat 1%, ** indicates significant level
at 5%, and * indicates significant level at 10%.

Large Medium Small
Capitalization Capitalization Capitalization

Small trades

TPV-trades 0.0141 0.0412 0.0499
Non-TPV-trades 0.0231 0.0781 0.0972
Difference -0.0089 -0.0369 -0.0473

*** *** **.*

Medium trades

TPV-trades 0.0203 0.0745 0.1329

Non-TPV-trades 0.0477 0.1331 0.1941
Difference -0.0273 -0.0587 -0.0612

*** *** ***

Large trades

TPV-trades 0.0040 0.0786 0.1785
Non-TPV-trades 0.0726 0.1752 0.2823
Difference -0.0686 -0.0966 -0.1038

*** ***

All trades

TPV-trades 0.0155 0.0537 0.0907
Non-TPV-trades 0.0573 0.1187 0.1679
Difference -0.0418 -0.0650 -0.0772

*** *** ***
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Panel B. Medium capitalization stocks

N I R
APNAV APTV APNAV APTV APNAV APTV

Small trades

12/00 - 02/01 9.2556 5.3823 -3.9498 -3.2084 -1.0612 -0.4348
*** *** *** *** *** ***

02/01 - 05/01 0.7836 1.1787 0.2671 0.1469 -0.2101 -0.2651
* ** *** ***

05/01 - 08/01 2.2663 2.3183 -0.5223 -0.3890 -0.3488 -0.3859
*** *** * *** ***

Medium trades

12/00 - 02/01 6.9979 1.9583 -2.4338 -1.9409 -0.9128 -0.0035
*** *** *** *** ***

02/01 - 05/01 0.3534 0.4045 -0.1053 -0.0395 -0.0496 -0.0730

05/01 - 08/01 0.3326 0.1448 0.4147 0.5219 -0.1495 -0.1333
** ** ** **

Large trades

12/00 - 02/01 -1.3215 -2.9955 2.2096 2.4227 -0.1776 0.1146
** **

02/01 - 05/01 -0.4481 -1.1991 0.7304 1.2639 -0.0565 -0.0130

05/01 - 08/01 -0.1449 -0.1023 0.2959 0.1220 -0.0302 -0.0039

All trades

12/00 - 02/01 3.8237 0.2315 -0.9965 -0.4115 -0.5654 0.0360
*** ***

02/01 - 05/01 0.0735 0.0835 0.0213 0.0334 -0.0190 -0.0234

05/01 - 08/01 -0.7744 -0.8746 1.3759 1.4649 -0.1203 -0.1181
** ** * *
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Panel C. Small capitalization stocks

N I R
~PNAV ~PTV ~PNAV ~PTV ~PNAV ~PTV

Small trades

12/00 - 02/01 11.4859 5.2405 -4.3568 -2.9593 -1.4258 -0.4562
*** *** *** *** *** ***

02/01 - 05101 -0.5498 0.1197 0.7700 0.5117 -0.0440 -0.1263
**

05101 - 08/01 3.1809 3.4091 -0.5618 -0.5634 -0.5238 -0.5691
*** *** *** ***

Medium trades

12/00 - 02/01 11.3262 3.5058 -5.1641 -2.2717 -1.2324 -0.2468
*** *** *** *** *** **

02/01 - 05101 -0.1261 -0.0300 -0.4493 -0.6826 0.1151 0.1425
* *

05101 - 08/01 1.3604 1.0082 -0.2722 -0.0426 -0.2176 -0.1931
** * ** **

Large trades

12/00 - 02/01 0.0000 -2.1831 1.6236 3.6403 -0.3247 -0.2914

02/01 - 05101 1.2980 1.0342 -1.8397 -0.9164 0.1084 -0.0236

05101 - 08/01 -0.0429 0.9907 0.3526 -0.1582 -0.0619 -0.1665

All trades

12/00 - 02/01 7.1121 0.6552 -1.7322 0.4718 -1.0760 -0.2254
*** ***

02/01 - 05101 0.7678 1.2903 -0.9574 -1.3886 0.0379 0.0197

05101 - 08/01 0.8306 1.2423 -0.1003 -0.2009 -0.1461 -0.2083
***
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Table 2.5
Change in Information Asymmetry Cost

Reported are changes in information asymmetry cost on the NYSE (N), NASDAQ (T), and regional stocks exchanges (R) in 300 NYSE-listed stocks that are
decimalized in January 2001. Regional exchanges include the Boston Stock Exchange, the Chicago Stock Exchange, the Cincinnati Stock Exchange, the Pacific
Exchange, and the Philadelphia Exchange. Information asymmetry cost reported under R is the average calculated across regional stocks exchanges. Information
asymmetry cost is calculated as in equation (1). Small trades are those of less than 500 shares, medium trades are those between 500 and 5000 shares, and large
trades are those exceeding 5,000 shares. *** indicates significant level at 1%, ** indicates significant level at 5%, and * indicates significant level at 10%.

Large Capitalization Medium Capitalization Small Capitalization

N T R N T R N T R

Small trades

12/00 - 02/01 -0.0022 -0.0069 -0.0050 -0.0203 -0.0202 -0.0198 -0.0243 -0.0439 0.0031
** * *** ** *** ***

02101 - 05/01 -0.0064 0.0037 0.0030 -0.0094 -0.0134 0.0017 -0.0082 -0.0024 -0.0090
*** *** * **

05/01 - 08/01 0.0009 -0.0048 -0.0055 -0.0071 -0.0088 -0.0018 -0.0054 -0.0323 -0.0214
*** ***

Medium trades

12/00 - 02101 -0.0144 -0.0105 -0.0081 -0.0514 -0.0559 -0.0026 -0.0690 -0.0701 -0.0416
*** *** *** *** *** *** **

02101 - 05/01 -0.0120 -0.0032 -0.0048 -0.0154 -0.0174 "0.0030 -0.0044 -0.0120 -0.0200
*** ***

05/01 - 08/01 0.0006 -0.0092 -0.0054 -0.0081 -0.0220 -0.0245 -0.0207 -0.0270 -0.0074
** ** * ** ***
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Table 2.5 (Continued)
Change in Information Asymmetry Cost

Large Capitalization Medium Capitalization Small Capitalization

N T R N T R N T R

Large trades

12/00 - 02/01 -0.0342 -0.0129 0.0049 -0.0785 -0.0744 -0.0389 -0.1025 -0.1395 0.0330
*** *** ** *** ***

02/01 - 05/01 -0.0086 0.0143 -0.0158 -0.0038 0.0547 0.0357 -0.0040 -0.0397 -0.0598
***

05/01 - 08/01 -0.0015 -0.0026 -0.0133 -0.0213 -0.0080 -0.0209 -0.0251 0.0344 -0.0316
***

All trades

12/00 - 02/01 -0.0125 -0.0079 -0.0065 -0.0421 -0.0338 -0.0091 -0.0571 -0.0553 -0.0078
*** ** ** *** *** *** ***

02/01 - OSlO1 -0.0107 0.0018 0.001l -0.0139 -0.0153 -0.0014 -0.0091 -0.0051 -0.0068
*** *** ** *

05/01 - 08/01 0.0004 -0.0064 -0.0063 -0.0093 -0.0109 -0.01 14 -0.0144 -0.0327 -0.0247
* * *** ** *** ***
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Table 2.6
Impact from Trading Volume Migration on the Information Asymmetry Cost on the NYSE

Reported are the regression results from a simultaneous system of equations which examines whether
change in the proxy for preferenced trading activity, the percentage share of small size NNA-volume,
affects information asymmetry cost on the NYSE. The system of two equations is specified as follows.

dNIAC; = ao + a\*dPNAVS; + a2*PCTVM; + a3*dPCTVM; + a4* RV; + as*dRV;
+ ll,s*LMC; + a7*LTV; + a8*ATS j + ~*dATSj + Cj (2.2)

dPNAVS; = bo+ bj*dNIAC; + b2*LMC; + b3*LTV; + b4* ATS j + bs*dATS;
+ b6*PCTVS; + b7*dPCTVS; + bs*ATP; + b9*dATP; + C; (2.3)

where NIAC is the information asymmetry cost on the NYSE, PNAVS is the preferenced trading activity
proxy, which is measured by the NYSE's percentage share of small size NNA-volume; PCTVM is the
percentage of total trading volume that are of medium size; RV is the trade to trade return volatility; LMC
is the log of market capitalization; LTV is the log of total trading volume; ATS is the average trading price;
PCTVS is the percentage of total trading volume that are of small size; and ATP is the average trading
price. The sign "d" denotes change between 12/2000 and 08/2001 and subscript "t' refers to stock i.
Numbers in parentheses are p-values.

Large Cap. Stocks Medium Cap. Stocks Small Cap. Stocks

Eg. (2) Eg.m Eg. (2) Eg. (3) ~ .fuhill
dPNAVS -0.5912 -0.4194 -0.0802

«.0001) «.0001) (0.6788)
dNIAC -0.8760 -2.1098 -0.1290

(0.0001) (0.0007) (0.6052)
PCTVM -0.1324 -0.0101 0.0452

(0.3586) (0.9293) (0.8195)
dPCTVM 0.1236 0.0021 0.3187

(0.2772) (0.9810) (0.0967)
RV -0.0130 0.2027 0.3181

(0.9655) (0.6413) (0.2749)
dRY 0.1986 0.1951 0.5595

(0.5108) (0.6519) (0.0145)
LMC -0.0497 -0.0940 0.6464 1.3900 0.1796 -0.1151

(0.5930) (0.4020) «.0001) (0.0053) (0.1231) (0.3566)
LTV 0.7375 0.9738 0.0656 0.2707 -0.1750 0.5667

«.0001) «.0001) (0.5889) (0.2342) (0.3138) «.0001)
ATS -0.5849 -0.8270 0.1628 0.4203 0.4951 -0.1436

(0.0006) (0.0001) (0.3323) (0.1054) (0.0785) (0.5065)
dATS -0.3227 -0.4741 0.1273 0.2939 0.4573 0.0258

(0.0339) (0.0027) (0.3077) (0.1637) (0.0366) (0.8955)
PCTVS -0.1286 0.1940 0.1959

(0.2480) (0.3263) (0.2425)
dPCTVS 0.1581 0.0365 0.0223

(0.2133) (0.7749) (0.8817)
ATP -0.0350 -0.2059 -0.1367

(0.7401) (0.3233) (0.3562)
dATP 0.2234 -0.0704 0.0174

(0.0403) (0.5514) (0.8641)
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Table 2.7
Change in Quote Competitiveness

Reported are changes in quote competitiveness and relative quote competitiveness measures for NYSE (N), NASDAQ (T), and regional stocks exchanges (R) in
300 NYSE-listed stocks that are decimalized in January 2001. Regional exchanges include the Boston Stock Exchange, the Chicago Stock Exchange, the
Cincinnati Stock Exchange, the Pacific Exchange, and the Philadelphia Exchange. "Duration" is the average number of minutes per day an exchange's quotes
stay on the NBBO. "Relative Duration" is an exchange's duration divided by average duration across all exchanges. "Percentage Share ofNBBO-Improving
Quotes" is each exchange's percentage share ofquotes that improve the NBBO. "Realized Half Spread" (RSPD) is calculated as follows.

RSPDt = It * (Pt - Mt+s) (2.4)
where It is a trade direction variable which equals 1 for customer-initiated buys and equals -1 for customer-initiated sells, Pt is the trading price at the time t, and
Mt+s is the middle point of the NBBO quotes five minutes later. "Relative Realized Half Spread" is an exchange's realized half spread divided by the average
realized half spread across all exchanges. Competitiveness reported under R is the average across regional stocks exchanges. *** indicates significant level at 1%,
** indicates significant level at 5%, and * indicates significant level at 10%.

Large Capitalization Medium Capitalization Small Capitalization

N T R N T R N T R

Duration

12/00 - 02/01 -3.28 -279.44 -5.87 -1.24 -320.15 -7.55 -2.17 -326.33 -5.57
**** *** *** *** *** *** *** *** **

02/01- 05/01 1.40 -24.99 -7.39 0.39 -12.93 -3.08 -0.51 -4.63 -2.90
**** *** *** *** *** ** ***

05/01 - 08/01 0.36 52.08 -2.77 0.45 56.79 -2.17 138 8.66 -1.86
*** *** *** *** ** ** ***

Relative duration

12/00 - 02/01 1.89 -2.06 0.03 2.58 -2.63 0.01 2.65 -2.81 0.03
*** *** *** *** *** *** *** ***

02/01- 05/01 0.48 -0.26 -0.04 0.26 -0.16 -0.02 0.15 -0.03 -0.02
*** *** *** *** *** ** *** ***

05/01- 08/01 -0.43 0.64 -0.04 -0.54 0.72 -0.04 0.01 0.12 -0.03
*** *** *** *** *** *** *** ***
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Table 2.7 (Continued)
Change in Quote Competitiveness

Large Cap. Stocks Medium Cap. Stocks Small Cap. Stocks

N T R N T R N T R

Percentage Share ofNBBO-Improving Quotes

12/00 - 02/01 -0.91 ~3.00 0.78 -0.40 -1.46 0.37 -0.69 -0.23 0.18
*** *** *** *** **

02/01- 05/01 3.83 0.30 -0.83 -0.47 2.02 -0.31 3.23 -0.87 -0.41
*** *** *** *** *** ***

05/01 - 08/01 1.36 2.76 -0.82 2.73 -0.54 -0.42 2.05 -0.88 -0.28
** *** *** *** *** *** *** ***

Realized half spread

12/00 - 02/01 -0.03 -0.03 -0.03 -0.06 -0.07 -0.08 -0.13 -0.17 -0.16
*** *** *** *** *** *** *** *** ***

02/01- 05/01 0.01 O.oI 0.01 O.oI 0.01 0.00 -O.oI -0.01 0.00
*** *** *** **

05/01 - 08/01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.02
*

Relative realized half spread

12/00 - 02/01 -0.41 0.09 0.04 -2.93 1.47 0.78 -0.08 -0.14 0.16

02/01 ~ 05/01 0.24 -0.13 0.00 0.38 -0.11 0.07 0.01 -0.37 0.10

05/01- 08/01 0.07 0.02 -0.03 0.38 -1.41 0.35 -0.04 0.58 -0.28
*** **
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Table 2.8
Impact from Change in Relative Quote Competitiveness on Trading Volume Migration

Reported are results from regression model that examines whether changes in the relative quote competitiveness for the NYSE (N), NASDAQ (T), and the
regional stocks exchanges (R), can explain the changes in their percentage share of small size trading volume. Regional exchanges include the Boston Stock
Exchange, the Chicago Stock Exchange, the Cincinnati Stock Exchange, the Pacific Exchange, and the Philadelphia Exchange. The regression model is specified
as follows.

APTVS j = a + 131*ARDUR; + 132*AQIMP; + 133*ARRSPDi + 134*(P2*ARDUR;) + 13s*(P2*AQIMPj) + 136* (P2*ARRSPDi)
+ 137* LMC j + 138* LTV j + 139* PCTVS j + 131O*ATPi + 1311*ATS j + 1312*RVj +l';i (2.5)

where PTVS is the percent of trading volume from trades of less than 500 shares by an exchange, RDUR is an exchange's relative duration, QIMP is an
exchange's percentage share ofNBBO-improving quotes, RRSPD is an exchange's relative realized half spread, LMC is the log ofmarket capitalization, LTV is
the log of total trading volume, PCTVS is the percentage of total trading volume that are from trades of less than 500 shares, ATP is the average trading price,
ATS is the average trading size, and RV is the trade to trade return volatility. P2 is a period dummy variable, which equals 1 if an observation is from the
02/2001 to 08/2001 period. The sign "A" denotes change between either between 12/2000 and 02/2001 or between 02/2001 and 08/2001, and the subscript "t'
refers to stock i. Numbers in parentheses are p-values.

Large Capitalization Medium Capitalization Small Capitalization

N T R N T R N T R
ARDUR 0.0248 -0.1629 0.4305 0.1857 -0.0186 -0.0284 0.2023 0.3275 0.5995

(0.7857) (0.1758) (0.0027) (0.0175) (0.8433) (0.7784) (0.0052) «.0001) «.0001)
AQIMP 0.3487 0.3023 0.0741 0.1238 0.2946 0.0152 0.3469 0.1011 0.0453

(0.0004) (0.0125) (0.6001) (0.1358) (0.0005) (0.8919) (0.0008) (0.2717) (0.6585)
ARRSPD -0.1473 -17.6407 -8.8887 0.0146 -0.0947 -0.0780 0.1530 -0.0152 -0.0008

(0.9800) (0.4355) (0.4759) (0.8693) (0.2983) (0.4043) (0.1137) (0.8326) (0.9918)
P2*ARDUR 0.1230 -0.0683 -0.1664 0.1769 0.3134 0.2795 0.1530 0.2490 -0.1831

(0.0970) (0.5308) (0.2108) (0.0211) (0.0011) (0.0044) (0.0540) (0.0081) (0.0536)
P2*AQIMP 0.1112 0.0837 0.2573 0.0784 -0.0019 0.1006 -0.0950 0.0136 0.1671

(0.2837) (0.4325) (0.0639) (0.3601) (0.9818) (0.3694) (0.4008) (0.8983) (0.1015)
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Table 2.8 (Continued)
Impact from Change in Relative Quote Competitiveness on Trading Volume Migration

Large Capitalization Medium Capitalization Small Capitalization

N T R N T R N T R
P2*~RRSPD 0.0919 17.6342 8.9362 0.0098 0.0505 -0.0271 -0.0828 0.0905 0.0491

(0.9875) (0.4356) (0.4736) (0.9093) (0.5792) (0.7719) (0.3998) (0.2371) (0.5273)
LMC -0.0674 0.0300 0.0316 0.0119 0.1262 -0.1061 -0.0435 0.0661 0.0536

(0.4012) (0.7240) (0.6775) (0.8781) (0.1017) (0.2115) (0.5788) (0.3886) (0.4571)
LTV 0.0676 -0.0135 -0.0651 0.2616 -0.2693 -0.0976 0.3184 -0.2579 -0.1448

(0.4221) (0.8840) (0.4272) (0.0058) (0.0044) (0.3509) (0.0004) (0.0023) (0.0799)
PCTVS -0.1040 -0.0710 0.0984 0.2055 -0.1273 -0.1548 0.0738 -0.1331 0.0665

(0.2812) (0.5125) (0.2867) (0.0455) (0.2061) (0.1703) (0.5253) (0.2341) (0.5423)
ATP -0.1769 0.2549 0.0523 -0.2336 0.3022 0.0744 -0.2063 0.2297 0.0231

(0.0273) (0.0035) (0.4857) (0.0065) (0.0004) (0.4185) (0.0372) (0.0173) (0.8015)
ATS -0.1132 -0.1278 0.0942 0.2812 -0.1221 -0.2796 -0.0807 0.0210 0.0605

(0.2655) (0.2683) (0.3289) (0.0043) (0.2026) (0.0088) (0.4216) (0.8301) (0.5110)
RV 0.0949 0.0493 -0.0877 0.0760 0.1735 -0.2064 -0.2062 0.1105 0.2358

(0.2899) (0.6167) (0.3101) (0.2655) (0.0107) (0.0048) (0.0099) (0.1550) (0.0008)

Adj-R2 0.2862 0.1680 0.3402 0.3551 0.3852 0.2328 0.2462 0.2825 0.3587
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