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Abstract

In 1997, the SEC implemented the new order handling rules (OHRs) on the
NASDAQ. We observe that some uncompetitive positions gained market share
without improving quote competitiveness after the implementation of the OHRs.
Also observed is a significant decline in the sensitivity of trading volume to quote
competitiveness, indicating lower incentive for NASDAQ dealers to engage in
quote competition in the post-OHR regime. We find that positions that gained
trading volume without improving quote competitiveness were less competitive
and were more closely associated with stocks showing low information asymme-
try, which suggests that preferenced trading might be responsible for the decline
in the trading volume sensitivity. Examining entries and exits around the periods
of adopting OHRs, we observe net entry of uncompetitive positions and net exit
of competitive positions, which indicates that preferenced trading crowded out
quote competition subsequent to the OHRs. Our findings suggest that forcing
intense quote competition alone produced an unwanted effect that preferencing
emerged as a more attractive alternative to quote competition.
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1. Introduction

Order flow competition is a major policy issue, especially in segmented stock
markets. Fair and intense quote competition for order flow among market ven-
ues effectively promotes efficient price discovery. Over the years, the National
Association of Securities Dealers Automated Quotations (NASDAQ) imple-
mented several major market reforms to promote quote competition. Among
these reforms, the new order handling rules (OHRs), imposed by the SEC in Jan-
uary 1997, produced profound impact 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) find that spreads and dealer
rent declined and conclude that quote competition significantly improved subse-
quent to the adoption of the new rules.
One closely related issue is the regulation of preferenced trading because it

serves as an alternative means of posting competitive quotes.1 Over the years,
widely practiced preferenced trading has faced a number of regulatory changes
while evolving. The U.S. regulatory authorities have been reluctant to imple-
ment comprehensive regulations directly restricting preferenced trading.
Instead, the Securities and Exchange Commission (SEC) has introduced grad-
ual reform programmes to promote quote competition, hoping that prefer-
enced trading declines as the market quality improves. Many academics
believe that preferenced trading is detrimental to quote competition and mar-
ket quality. Parlour and Rajan (2003) prove the harmful effect from a theoreti-
cal point of view, while Chung et al. (2004) provide the most direct evidence
on the harmful effect of preferenced trading using proprietary data. Practitio-
ners are equally concerned with the practice. A May 2010 online poll by
TheTradeNews.Com shows that almost two-thirds of participants agreed that
payment for order flow by trading venues distorts the market. A SEC (2000)
study shows that specialists paid order routing firms for over 75 per cent of
the retail options orders sent to them for execution. In her remarks before the
2006 Options Industry Conference, Elizabeth King of the U.S. SEC pointed
out that preferenced trading had become more pervasive in the options
markets than they were in 2000.2 Ironically, the NYSE, which has been a
major victim of preferenced trading for years, sought permission from the
SEC to allow payment for order flow in February 2009.
Parlour and Rajan (2003) predict that in the presence of preferenced trading,

the best strategy for nonpreferencing dealers is to imitate preferencing dealers.
Therefore, when preferenced trading is prevalent, forcing more quote competi-
tion may result in more preferenced trading as nonpreferencing dealers may opt

1 Preferencing can be in one of the two forms: payment for order flow and internalization.
In this paper, we do not differentiate these two forms of preferencing.

2 Refer to (http://www.sec.gov/news/speech/2006/spch050506ekk.htm).
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for it. Although the OHRs were adopted by the NASDAQ almost 14 years ago,
it is worthwhile to revisit this adoption because something more has yet to be
performed. So far, academic studies examine the overall improvement in quote
competition to conclude the success of the OHRs. We believe that this is not suf-
ficient because seemingly improved quote competition does not show the whole
picture.
In this paper, we examine whether the OHRs have enhanced the association

between quote competitiveness and market share of trading volume. In a market
where orders are routed to dealers quoting the best prices, there should be a
strong correlation between market share of trading volume and quote competi-
tiveness. If the OHRs successfully promote quote competition, this correlation
should become stronger. Our investigation is well deserved given that an alterna-
tive strategy for order flow, preferenced trading, was prevalent at the time the
OHRs were implemented. While it has been shown that more quote competition
after the OHRs reduced spreads and economic rent, it is unclear whether the
correlation between quote competitiveness and market share of trading volume
was enhanced. This is an important issue because an enhanced correlation
suggests greater incentive for dealers to engage in quote competition, whereas a
reduced correlation suggests lower incentive for quote competition.
We find that the market share of trading volume, became less sensitive to

quote competitiveness, suggesting a weaker incentive for dealers to compete for
order flow using quote competition. We provide evidence that the observed
change in the sensitivity is likely due to preferenced trading. We identify posi-
tions that gained percentage trading volume without improving quote competi-
tiveness and positions that lost percentage trading volume with significantly
improved quote competitiveness. We find that the former group of positions
were associated with low quote competitiveness and low information asymmetry
stocks, whereas the latter group of positions were significantly more competitive
and less likely to be associated with low information asymmetry stocks. As low
information asymmetry and low quote competitiveness are the characteristics of
preferencing dealers, our findings are consistent with the notion that the
observed weaker link between percentage trading volume, and quote competi-
tiveness is attributable to preferenced trading.
An examination of entry and exit activities reveals a net entry of uncompetitive

positions and a net exit of competitive positions around the implementation of
the OHRs, suggesting that some quote-competition-oriented positions were
forced out while preferenced trading became a more favourable strategy in the
competition for order flow. This finding is consistent with the prediction by Par-
lour and Rajan (2003).
Our findings are not in conflict with those of Barclay et al. (1999) and Weston

(2000). The finding of a weaker correlation between quote competitiveness and
market share of trading volume can coexist with reduced spreads and dealer’s
rent. Preferenced trading is largely concentrated in small retail orders with low
information content (Easley et al., 1996; Bessembinder and Kaufman, 1997; and
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Battalio and Holden, 2001). The low cost order flow gives preferencing dealers
such an advantage over quote competition that preferencing dealers were able to
pay significant amount to brokers to buy order flow. The payment for order flow
by preferencing dealers was as high as 3.5 cents per share in the 1994–1995 per-
iod and remained at 2 cents per share subsequent to the OHRs (Kandel and
Marx, 1999). This suggests that preferencing dealer’s profitability was not
seriously affected. As the OHRs reduced spreads and dealer’s rent, quote
competition for order flow became increasingly less attractive than preferenced
trading. Therefore, we observe reduced spreads and at the same time the weaker
sensitivity of percentage trading volume to quote competitiveness.
Our findings show that forcing more quote competition did not reduce prefer-

enced trading. To the best of our knowledge, this is the only study that shows
this paradoxical result that preferenced trading emerged as a more attractive
alternative strategy over quote competition. Our study complements Odders-
White (2004) who reports that the OHRs did not increase quote competition in
the third market, which is a segment of the national market system where
NYSE-listed stocks are traded on NASDAQ. In this paper, we highlight curious
realities on the NASDAQ market. Our findings suggest that the single act of
forcing more intensive quote competition alone is not the panacea for promoting
quote competition in the presence of another competition strategy. These find-
ings carry significant implications for policy makers.
The rest of the paper is organized in the following manner: Section 2 provides

a review of the literature; Section 3 describes the data and the methodology;
Section 4 presents the empirical findings; and Section 5 concludes the paper.

2. Literature review

Our paper contributes to the literature on the effects of the OHRs. Barclay
et al. (1999) report that quoted and effective spreads are narrowed by approxi-
mately 30 per cent as a result of the OHRs. Weston (2000) observes that a
decline in dealer’s rent reduces trading costs. On the basis of these findings, Bar-
clay et al. and Weston conclude that quote competition significantly improved
after the adoption of the OHRs. Bessembinder (1999) also finds significantly
reduced spreads on NASDAQ; however, the spreads are still wider than the
spreads for a matched sample on the NYSE. Chung et al. (2002) report similar
findings, which show that spreads are still wider for NASDAQ stocks than for
NYSE-listed stocks after the OHRs. In contrast, Odders-White (2004) reports
that both quoting frequency and quote quality are worse in the post-OHR per-
iod in the third market. Her findings have important implications as she demon-
strates that the impact of OHRs is not uniformly benign.
Our study is also closely related to the existing literature on preferenced

trading. Christie and Schultz (1994) believe that the absence of odd-eighth
quotes for the majority of actively traded NASDAQ stocks is explained by an
implicit agreement among NASDAQ dealers. Godek (1996), Dutta and
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Madhavan (1997), and Kandel and Marx (1999) argue that the practice of pre-
ferencing allows implicit collusion by dealers. Huang and Stoll (1996) and Bes-
sembinder (1999) attribute the higher spreads on NASDAQ to preferenced
trading. Bloomfield and O’Hara (1998), Ackert and Church (1999), and Kluger
and Wyatt (2002) report that preferencing leads to higher spreads, a lower
incentive to narrow spreads and a greater likelihood of tacit collusion on the
basis of laboratory experiments. Chung et al. (2002) find that the spread is
positively related to the proportion of internalized volume. Parlour and Rajan
(2003) model the competition among dealers for liquidity provision. Their
model predicts that when a payment is received for order flow, spreads will
widen and the brokerage commissions will decline; however, the total cost will
be higher for limit orders.3

The literature debates whether a reduction in the dealers’ profit margin
could significantly reduce preferenced trading. Kandel and Marx (1999) and
Choridia and Subramanyam (1995) predict that declining profit margins
would reduce preferenced trading. In contrast, Easley et al. (1996) and Bes-
sembinder and Kaufman (1997) propose a ‘cream skimming’ hypothesis, and
Battalio and Holden (2001) offer a ‘sorting’ hypothesis. Each of these hypoth-
eses argues that preferencing could survive a reduction in profit margin
because preferencing-oriented dealers obtain order flow with lower informa-
tion costs. Kandel and Marx (1999) report that the payment for order flow is
as high as 3.5 cents per share in the period between 1994 and 1995, and it
remains at 2 cents per share after the OHRs. Consistent with Battalio and
Holden (2001), Parlour and Rajan (2003) predict that spreads will widen to
compensate for the payment with the practice of payment for order flow.
Chung et al. (2004) report that further decline in spreads triggered by decimal-
ization is unable to reduce the level of preferenced trading. The magnitude of
reduction is only 3 per cent. The small amount of reduction in preferenced
trading provides an indirect support of the ‘cream skimming’ hypothesis as
well as the ‘sorting’ hypothesis. Moreover, Chung et al. (2004) report that an
average of 80 per cent of all volumes on the NASDAQ was preferenced prior
to decimalization. Huang et al. (2010) find that preferenced trading in NYSE
listed stocks declined as much as 22 per cent over a 1-year period around dec-
imalization. Although the magnitude of decline they report is far greater than

3 Researchers are not unanimous on the impact of preferenced trading. Battalio (1997),
Battalio et al. (1997), and Peterson and Sirri (2003) find evidence suggesting that prefer-
enced trading does not affect market quality. The debate on the impact from preferenced
trading is extended to the aspects beyond execution cost. Battalio et al. (2001) examine
net trading cost and find no difference between preferencing and non-preferencing dealers.
Battalio et al. (2003) show that nonprice dimensions of execution quality are better for
preferenced trades, therefore, they argue that price-based market quality may be mislead-
ing. However, Parlour and Rajan (2003) show that consumer and social welfare will
reduce under payment for order flow.
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the decline reported by Chung et al. (2004) for NASDAQ stocks, both studies
suggest that preferenced trading survived decimalization.

3. Methodology and data description

3.1. Relative quote competitiveness and market share

We consider relative quote competitiveness (RQC) to capture the quote compet-
itive strength for a position (dealer-stock) relative to its competitors. These rela-
tive measures capture a more precise picture on the changes in competitiveness
while absolute measures cannot. Three variables are employed to measure the
RQC: (i) spread defined as quoted spread divided by the quoted mid-point; (ii)
depth defined as the average number of shares quoted on inside bids and asks;
and (iii) duration defined as the average number of minutes per day that a posi-
tion’s quote stays on inside bids and asks. A generic definition of the RQC is
shown in Equation (1):

RQCij ¼
QCijPn

i¼1
QCij

� ��
Nj

ð1Þ

where, RQCij, relative quote competitiveness for dealer i in stock j; QCij, quote
competitiveness measure for dealer i in stock j; and Nj, number of dealers in
stock j.
We measure a position’s market share of trading volume using the percentage

trading volume as defined by Equation (2):

PTVij ¼
TVijPn

i¼1
TVij

ð2Þ

where, PTVij, percentage trading volume for dealer i in stock j; and TVij, total
trading volume for dealer i in stock.4

3.2. Sample selection and data description

The OHRs were implemented in phases rather than in a single market-wide
event. Our data include 100 stocks that were brought under the new rules in the

4 The relative spread and relative depth are calculated across quotes in each trading day
and then averaged across the days in each period. The relative duration is calculated daily
and then average across days in each period, whereas market share of trading volume is
calculated across the pre- and post-OHR periods.
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first two batches. The first batch began trading under the new rules on 20 Janu-
ary 1997; the second batch began trading under the new rules on 10 February
1997. The source of tick-by-tick trade and quote data is NASTRAQ CDs. The
pre-OHR periods are from 1 November 1996 through 19 January 1997 for the
first batch of stocks and from 1 November 1996 through 9 February 1997 for
the second batch of stocks. The post-OHR periods are from 21 January 1997 to
28 February 1997 for the first batch of stocks and from 11 February 1997 to 28
February 1997 for the second batch of stocks. We obtain the share volume data
from the NASDAQ Monthly Activity Report. This monthly publication reports
the total share volume for each dealer in each stock. Owing to the constraint on
data availability, the total share volume in the last quarter of 1996 is considered
to be the pre-OHR period volume, and the total share volume observed for the
period from March 1997 to May 1997 is considered to be the post-OHR period
volume.
For a stock to remain in our sample, the stock must have (i) quote and trans-

action data in each month during the period from November 1996 to February
1997; (ii) share volume data for at least 2 months in the last quarter of 1996; and
(iii) share volume data for at least 2 months during the period from March 1997
to May 1997. A total of 97 stocks meet these criteria, and these stocks involve
2376 positions. Because NASDAQ dealers can enter and exit the market making
business for a stock virtually freely in a matter of days, identifying entries and
exits around the OHRs is not a simple task. We use the following rules to iden-
tify entries and exits.

1 Positions that existed only in the post-OHRs period are classified as entries
and positions that existed only in the pre-OHRs period are classified as exits.

2 Positions that report quotes in both pre- and post-OHRs periods but report
no share volume in the pre-OHRs period are considered to be entries, while
positions that report quotes in both periods but report no share volume in the
post-OHRs period are considered to be post-OHRs period exits.

3 Six positions that entered and then exited the market around the reform dur-
ing a very short period of time are excluded.

Following these rules, 352 of the 2376 positions are identified as new entries
and exits with 177 exits and 169 entries.

4. Empirical findings

4.1. Absolute quote competitiveness, market share and market concentration

Table 1 reports the absolute quote competitiveness, percentage trading vol-
ume, market concentration, and changes in these variables to facilitate the
comparison with Barclay et al. (1999) and Weston (2000) and to contrast with
the RQC statistics summarized in Table 2. In the post-OHR period, the mean

S. G. Rhee, N. Tang/Accounting and Finance 53 (2013) 243–264 249

� 2012 The Authors
Accounting and Finance � 2012 AFAANZ



quoted spread declined from 2.16 per cent to 2.05 per cent. The decline in the
quoted spread amounts to only 11 basis points. The mean depth on the inside
declined marginally by 18 basis points and was significant only at the 10 per -
cent level. Duration declined by 36.51 per cent or 22 per cent. As the competi-
tion intensified, inside bid and ask prices became more frequently revised;
hence, on average, the length of time quotes remained on the inside declined.
Consistent with Barclay et al. (1999) and Weston (2000), the changes in all
three absolute quote competitiveness measures indicate the existence of a more
intense quote competition on NASDAQ after the OHRs were introduced.
The average PTV declined significantly from 4.33 per cent in the pre-OHR
period to 4.06 per cent in the post-OHR period, which suggests that the
reform intensified the competition for order flow. This is confirmed by the
lower Herfindahl–Hirschman Index (HHI), which measures market concentra-
tion and is consistent with Weston (2000).5

Following Bessembinder (2003), we define price improvement as the per cent
of trades completed inside the best bid and ask prices. On average, 25.6 per cent
of trades enjoyed price improvement in the pre-OHR period, but this percentage
declined to 19.81 per cent in the post-OHR period.6 This decline is significant
when the difference is tested using both mean and median values. The decline in
price improvement suggests deterioration in market quality, which contradicts
the evidence documented by Barclay et al. (1999) and Weston (2000).

Table 1

Absolute quote competitiveness, percentage share volume and market concentration

Before After

Changes

Mean 25th percentile Median 75th percentile

Spread 2.16 2.05 )0.12*** )0.31 )0.02*** 0.19

Depth 9.99 9.81 )0.18* )1.30 )0.17*** 0.30

Duration 169.51 133.00 )36.51*** )70.39 )35.30*** )4.71
Improvement (%) 25.60 19.81 )5.79*** )9.61 )4.54*** )1.71
PTV 4.33% 4.06% )0.27*** )0.94 )0.09*** 0.72

HHI 1155.40 941.89 )81.77*** )71.54 2.41*** 38.05

The asterisks indicate significance for t-test (signed rank test) of the mean (median) equalling zero.

***Significance at 1 per cent level, **Significance at 5 per cent level and *Significance at 10 per cent

level. Spread is measured by quoted spread divided by quoted middle point. Depth is the average

number of shares quoted for inside bid and ask prices. Duration is defined as the average number of

minutes per day a position’s quotes stay on the inside. Improvement is per cent of trades receiving

price improvement. PTV is the 3-month total trading volume for a position as a per cent of total

trading volume by all positions in the same stock. HHI is the Hirschman–Herfindahl Index.

5 The HHI is defined as the sum of squared market share over all positions.

6 The post-OHRs price improvement of 19.81 per cent is comparable to the 20.12 per -
cent price improvement for the NASDAQ before decimalization (Bessembinder, 2003).
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4.2. Changes in relative quote competitiveness and percentage trading volume

Table 2 presents median values of RQC, DRQC and DPTV for position quin-
tiles sorted by each of the RQC measures. All positions are sorted based on pre-
OHR RQC. Quintile 1 contains the least competitive positions, while quintile 5
includes the most competitive positions.
When relative spread is used to sort the positions, quintile 5 positions have a

median value of 0.9178 before the reform and 0.8721 after the reform. This
means that the postreform quoted spreads for these positions were 8.22 per cent
and 12.79 per cent below the average spread, respectively, indicating above

Table 2

Changes in relative quote competitiveness and percentage trading volume

Quintile 1

(least competitive) Quintile 2 Quintile 3 Quintile 4

Quintile 5

(most competitive)

Relative spread

Before 1.1237 0.9920 0.9723 0.9525 0.9178

After 1.1176 0.9803 0.9423 0.8810 0.8721

D )0.0233 )0.0170 )0.0297*** )0.0730*** )0.0332***
D PTV 0.0098** )0.1982* )0.1020** )0.2341*** )0.1511**

Relative depth

Before 0.9702 0.9942 0.9997 1.0017 1.0184

After 0.9108 0.9748 1.0223 1.0158 1.0531

D )0.0618*** )0.0211*** 0.0228 0.0141* 0.0129*

D PTV )0.0579 )0.0067 )0.0805 )0.2341*** )0.1604*
Relative duration

Before 0.4721 0.9096 1.0705 1.1953 1.3995

After 0.4385 0.9028 1.0131 1.1704 1.5055

D )0.0068 0.0026 )0.0481** )0.0257 0.0526***

D PTV )0.0022 )0.1454 )0.1271** )0.2000*** )0.2432**

The asterisks indicate significance for signed rank test of the null hypothesis that the medium equals

zero. ***Significance at 1 per cent level, **Significance at 5 per cent level and *Significance at

10 per cent level. This table reports medians in the level and change in relative quote competitiveness

and change in PTV around the implementation of the order handling rules (OHRs). Spread is quoted

spread divided by quoted middle point. Depth is the average number of shares quoted for inside bid

and ask prices. Duration is defined as the average number of minutes per day a position’s quotes stay

on the inside. Relative Spread, Relative Depth and Relative Duration are computed based on

Equation (1):

RQCij ¼
QCijPn

i¼1
QCij

� ��
Nj

ð1Þ

Subscripts i and j denote market maker i and stock j, respectively. RQC is the relative quote competi-

tiveness; QC is the absolute quote competitiveness measure; and N is the number of dealers in the

same stock. PTV is percentage trading volume, defined as 3-month total trading volume for a posi-

tion as a per cent of total trading volume by all positions in the same stock. Positions quintiles are

based on the ranking of pre-OHR RQC measures.
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average competitiveness and further improvement in quote competitiveness after
the OHRs were implemented. Nevertheless, PTV for quintile 5 positions declined
15.11 per cent. In contrast, uncompetitive positions in quintile 1 show insignifi-
cant improvement in relative competitive strength but a significant increase in
PTV. Obviously, the increased PTV is not driven by the change in quote compet-
itiveness. Positions in quintiles 2, 3 and 4 show improvements in quote competi-
tiveness, but their PTVs also declined like quintile 5 positions.
When sorting is performed using relative depth, the most competitive quintile

5 positions exhibit improvement in competitiveness. However, they experienced
a loss of PTV of 16.04 per cent. The least competitive quintile 1 positions show
deterioration in competitiveness and a loss of PTV, but the PTV loss was much
smaller than that of quintile 5 positions.
When relative duration is used to sort positions, the most competitive quintile

5 positions show the largest improvement in competitiveness, but their PTV
declined by 24.32 per cent. In contrast, the least competitive quintile 1 positions
maintained PTV without significant improvement in competitiveness.

4.3. Percentage trading volume sensitivity to quote competitiveness

Table 2 clearly illustrates that the changes in quote competitiveness and the
changes in market share of trading volume are delinked. We conduct a formal
test as to whether there is a decline in PTV sensitivity to quote competitiveness
using Equation (3):

PTVij ¼ a0 þ a1RQCij þ a2Dij þ a3ðRQCij �DijÞ þ a4LNTj

þ a5Hj þ a6ðHj �RQCijÞ
þ a7ðHj �RQCij �DijÞ þ eij;

ð3Þ

where, PTV is percentage share trading volume; RQC is one of the three RQC
measures; D is a dummy variable, which is assigned 1 if the observation belongs
to the postreform period and 0 otherwise; LNT is the log value of average daily
number of trades of individual stock; and H is a dummy variable, which is
assigned 1 if HHI is ‡1800. The U.S. Department of Justice uses a cut-off value
of 1800 when evaluating market concentration. Markets with HHI > 1800 are
considered to be concentrated.7 LNT is used to control for the liquidity effect
and the HHI dummy variable is included to control for the impact from market
concentration. The coefficient of RQC measures the sensitivity of share volume

7 Smith (1998) observes the effects of the OHR changes and 16ths on the trading charac-
teristics of stocks with different levels of liquidity. 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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to quote competitiveness in the prereform period, whereas the coefficient of the
interaction terms (RQC*D) measures the change in the sensitivity in the postre-
form period. The coefficient of (H*D*RQC) captures the difference in the change
in share volume sensitivity between high HHI stocks and low HHI stocks.
Regression results using the duration as the RQC measure are reported in

Table 3. The coefficients for RQC and H*RQC are positive and significant in all
regressions indicating that competitive quotes do increase share volume under
both market concentration levels. The coefficient for RQC*D is significantly neg-
ative, indicating a reduced PTV sensitivity to quote competitiveness post-OHRs.
The coefficient for H*D*RQC is negative but insignificant, suggesting that the
reduction in PTV sensitivity for high HHI stocks is not different from low HHI
stocks. Thus, the regression results confirm the results from Table 2 that PTV
sensitivity to quote competitiveness declined after the implementation of the
OHRs.8

4.4. Is the reduction in share volume sensitivity because of preferenced trading?

As the univariate statistics in Table 2 imply, preferenced trading emerges as
the only plausible explanation for those positions that gained or maintained
PTV without improving quote competitiveness because preferencing dealers do
not need to post competitive quote to attract order flow. To provide stronger
evidence, we identify those positions whose increase in PTV cannot be explained
by their changes in quote competitiveness. An association of these positions with
preferencing characteristics would provide evidence that is consistent with the
notion that the decline in PTV sensitivity is attributed to preferenced trading.
We select the positions that gained PTV and were ranked among bottom

40 per cent by the changes in RQC. These positions (Group 1) are suspected to
engage in preferenced trading. We also select positions that lost PTV but were
ranked among top 40 per cent by the changes in RQC. It is unlikely that these
positions (Group 2) engage in preferencing trading. Group 2 is used as a control
group to be compared with Group 1.
We consider two preferencing characteristics: (i) low quote competitiveness

and (ii) low information asymmetry. Because preferencing positions do not rely
on competitive quotes to attract order flow, it is only natural to expect low quote
competitiveness for these positions. This is consistent with the empirical evidence
from market microstructure literature. The cream skimming hypothesis (Easley
et al., 1996; Bessembinder and Kaufman, 1997) and the ‘sorting’ hypothesis
(Battalio and Holden, 2001) imply that preferencing dealers prefer positions in
the stocks with low information asymmetry cost (IAC). Therefore, if Group 1
positions are indeed preferencing positions, they should be more closely

8 Regression results based on relative quoted spreads and relative quote depth are not
reported but are qualitatively the same as the results shown in Table 3.
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associated with low IAC stocks. To measure IAC, we use the Huang and Stoll
(1996) approach by subtracting the realized spread from the effective spread. The
average effective spread and the realized spread are calculated for each stock
across all observations using the last 2 months of trades in 1996.9 We compute
an equally weighted average of IACs at the bid and ask price locations.
Table 4 reports the median values of RQC and IAC. The number of positions

varies depending on which proxy variable for RQC is used to create the two
groups. Group 1 positions show significantly higher spread, lower depth and
shorter durations than Group 2 positions, suggesting that Group 1 positions are
significantly inferior in quote competitiveness. At the same time, Group 1 posi-
tions also display a significantly lower IAC than Group 2 positions. Lower RQC
and lower IAC of Group 1 positions suggest that these positions are preferencing
positions, supporting the notion that the decline in PTV sensitivity after the
OHRs is attributed to preferenced trading.
We further confirm that Group 1 positions are characterized by low RQC and

low IAC using a binary logistic regression Equation (4):

PðPGijÞ ¼ aþ a1IACj þ a2RQCij þ a3HHIj þ a4LNTj þ eij; ð4Þ

Table 4

Pre-order handling rule relative quote competitiveness (RQC) and information asymmetry cost

(IAC)

N Relative spread Relative depth Relative duration IAC

RQC used in sorting = relative spread

Group 1 325 0.9780 0.9991 1.0130 0.0803

Group 2 391 0.9594*** 0.9997 1.1177*** 0.0907**

RQC used in sorting = relative depth

Group 1 345 0.9817 0.9968 0.9570 0.0754

Group 2 414 0.9643*** 0.9999*** 1.1472*** 0.1029***

RQC used in sorting = relative duration

Group 1 310 0.9794 0.9985 1.0590 0.0782

Group 2 356 0.9672*** 0.9998** 1.0986* 0.0930***

The asterisks indicate significance level for the Wilcoxon two-sample test of equal medians between

Group 1 positions and Group 2 positions. This table reports median RQC and IAC for two catego-

ries of positions identified as follows. Group 1 positions gained PTV and were ranked among bottom

40 per cent by the changes in RQC. Group 2 positions lost PTV and were ranked among top

40 per cent by the changes in RQC Spread is quoted spread divided by quoted middle point. Depth

is the average number of shares quoted for inside bid and ask prices. Duration is defined as the aver-

age number of minutes per day a position’s quotes stay on the inside. Relative Spread, Relative

Depth and Relative Duration are computed based on Equation (1).

9 Effective spread average about $0.26 across all stocks. Realized spread is calculated for
each stock at each price location using a 5-min interval. Average realized spread at bid
and ask is $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.
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where P(PG) is the logit probability of PG, which equals 1 for Group 1 positions
and 0 for Group 2 positions, and subscripts i and j denote dealer and stock,
respectively. IAC is the information asymmetry cost of a stock, and RQC is the
relative quote competitiveness before the OHRs are introduced. HHI and LNT
are the Herfindahl–Hirschman Index and the natural log of trading volume per
day before the reform. Table 5 shows that estimated correlations are significant
among RQC and DRQC variables. In the presence of significant correlations
between each of RQC variable and its own changes, we take special care in run-
ning regression Equation (4). For example, when changes in relative spread is
used to identify Group 1 and Group 2 positions, relative spread is not admitted
as an independent variable.
Table 6 reports logistic regression results. The first two columns report the

results when the changes in the relative spread are used to construct Groups 1
and 2. The middle two columns report results when the changes in the relative
depth are used for group sorting, and the last two columns present the results
when the changes in relative duration is used for group sorting. Across the
regressions, the estimated coefficients for relative depth and relative duration are
all negative and mostly significant, whereas the coefficient for relative spread is
significantly positive. This suggests that Group 1 positions tend to be less com-
petitive than Group 2 positions. The estimated coefficients for IAC are signifi-
cantly negative in all regressions; this suggests that a low IAC is more likely to
be associated with Group 1 positions.
To summarize, Group 1 positions exhibit significantly lower RQC and closer

association with low IAC stocks. This evidence suggests that Group 1 positions
are likely preferencing positions.

4.5. Entries and exits of market makers

As the PTV sensitivity to quote competitiveness declined, dealers had less
incentive to engage in quote competition. One consequence would be exits of
quote competition dealers and entries of preferenced dealers. We examine entries
and exits around the implementation of the OHRs to assess the impact of OHRs
on dealer’s preference over alternative competition strategies.
We sort entries and exits into four groups based on the level of their relative

duration and the IAC of the stock involved: (i) high IAC and high relative dura-
tion, (ii) high IAC and low relative duration, (iii) low IAC and high relative
duration and (iv) low IAC and low relative duration.10 The cut-off point for high
and low relative duration is 100 per cent and the cut-off point for IAC is 0.11.
Panel A of Table 7 reports mean IAC and mean relative duration for the four

groups of entries and four groups of exits. Panel B reports the frequency of

10 We use the other two RQC measures to replace relative duration in the analysis. The
results are similar and are not reported.
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entries and exits. A net exit is observed for positions with high relative duration,
whereas a net entry is observed for positions with low relative duration. More-
over, the net exit for the two competitive groups (groups with high relative dura-
tion) and the net entry for the two uncompetitive groups (groups with low
relative duration) are mostly in the low IAC stocks. This is consistent with pre-
ferencing becoming more prevalent in the post-OHR period, which provides fur-
ther support to our earlier claim that preferenced trading is responsible for the
reduced PTV sensitivity to quote competitiveness.

4.6. Robustness in the presence of quotes from limit orders

Prior to the reform, inside quotes reflected a dealer’s best prices and our quote
competitiveness measures were built on dealers’ quotes. In the post-OHR period,
however, inside quotes may be taken from limit orders; thus, the post-OHR
quote competitiveness measures may no longer accurately reflect the dealer’s
quote competitiveness. Consequently, the comparison of pre- and post-OHR
quote competitiveness is not a simple matter in the presence of limit order book

Table 7

Entries and exits

Panel A

Relative

duration

Information

asymmetry

Entries Exits

Relative

duration IAC

Relative

duration IAC

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

duration

Information

asymmetry Entry Exit

Net entries/

exits

High High 23 27 )4
High Low 24 40 )16
Low High 53 51 2

Low Low 69 59 10

Duration is defined as the average number of minutes per day a position’s quotes stay on the inside.

Relative Duration is positions’ duration standardized by the average duration across positions in the

same stock. Information asymmetry cost (IAC) 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 ‡1 and is considered to be low if otherwise.
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orders. In this section, we test the robustness of our results by taking into
account of the impact from limit order quotes.
Traditionally, NASDAQ dealers rarely compete on depth. Prior to the reform,

NASDAQ dealers were required to quote a minimum size of 500 or 1000 shares.
The inside quote data during the last 2 months in 1996 indicates that nearly
100 per cent of the inside quotes were at the required minimum quote size. 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, which was brought under the new rules on 2 October
1997, was maintained at the original quote size of either 500 or 1000 shares.
A sample of 45 stocks from the second batch (in which dealers had to quote at
least 1000 shares) was selected, and the frequency distributions of inside quotes
at different depths are shown in Table 8. Prior to the reform, 99.94 per cent of
inside bids and 100 per cent of inside asks have a quoted depth at the required
minimum size of 1000 shares. Subsequent to the reform, however, approximately
10 per cent of these quotes were for <1000 shares, 82 per cent were exactly
1000 shares, 7 per cent were between 1000 and 5000 shares, and 1 per cent of
quotes were for 5000 shares or more.
As dealers in these 45 stocks are required to quote at least 1000 shares,

inside quotes offering <1000 shares are safely assumed to be limit orders.

Table 8

Frequency distribution of quotes on the inside at different depth

Depth Before After

Panel A: Bid side

100 0 0.00% 641 2.62%

(100, 500) 0 0.00% 722 2.95%

500 0 0.00% 565 2.31%

(500, 1000) 0 0.00% 428 1.75%

1000 15 094 99.94% 20 252 82.78%

(1000, 5000) 8 0.05% 1654 6.76%

(5000, ¥) 1 0.00% 202 0.83%

Panel B: Ask side

100 0 0.00% 486 2.04%

(100, 500) 0 0.00% 669 2.80%

500 0 0.00% 541 2.27%

(500, 1000) 0 0.00% 507 2.12%

1000 14 298 100.00% 19 541 81.92%

(1000, 5000) 0 0.00% 1854 7.77%

(5000, ¥) 0 0.00% 256 1.07%

Panel A compares frequency distribution of inside quotes per day at different depths before and after

the reform. Panel B compares daily duration for inside quotes at different depths. The sample is 45

stocks that were brought under the order handling rule in February 1997 and in which dealers were

required to quote at least 1000 shares.

260 S. G. Rhee, N. Tang/Accounting and Finance 53 (2013) 243–264

� 2012 The Authors
Accounting and Finance � 2012 AFAANZ



Moreover, there has been no evidence to suggest that dealers began competing
vigorously on depth after the new rules were implemented. Thus, post-OHR
inside quotes >1000 shares were also likely to be limit orders. On the basis of
this observation, we have limited our calculation of quote competitiveness to
quotes with 1000 shares; this limitation has been set only to test the robustness
of our results. This does not completely eliminate all limit orders from our
analysis; however, by limiting ourselves to quotes with the 1000 share depth in
these 45 stocks, we should be able to substantially mitigate the bias caused by
limit orders.
Tables 9 and 10 present regression results based on adjusted relative dura-

tion.11 In Table 9, the coefficient for RQC*D is significantly negative, suggest-
ing decrease in percentage trading volume sensitivity to quote competitiveness
for low HHI stock. The coefficient for H*D*RQC is significantly negative,
suggesting the decline in sensitivity for high HHI stocks is significantly less
than the decline in low HHI stocks; Table 10 shows that Group 1 positions
are less competitive than Group 2 positions, and the IAC is lower for Group
1 positions than Group 2 positions. Overall, results based on adjusted RQC
are qualitatively the same as results based on unadjusted RQC. Therefore, we

Table 9

Trading volume sensitivity to adjusted RQC

RQC = adjusted relative duration

Intercept 6.3138 (<0.0001)

RQC 5.4574 (<0.0001)

D 2.8662 (<0.0001)

RQC*D )2.3285 (<0.0001)

LNT )1.2656 (<0.0001)

H )8.3664 (<0.0001)

H*RQC 11.2195 (<0.0001)

H*D*RQC 4.2591 (0.011)

Adjusted R2 0.2938

This table reports regression results using model (3) with positions in 45 stocks that were brought

under the order handling rules in February 1997 and in which market makers were required to quote

at least 1000 shares. RQC is relative quote competitiveness; D is a dummy variable, which is assigned

1 if the observation belongs to the postreform period and 0 otherwise; Adjusted RQC is based on

quotes with depth of 1000 shares; LNT is logged average daily number of trades; and H is Herfin-

dahl–Hirschman Index (HHI) dummy variable, which is assigned 1 if HHI is ‡1800. Figures in

parenthesis are the p-values.

11 Relative depth is not used in the robustness tests because we are using inside quotes
with 1000 share depth only. Results based on relative spread are not reported to save
space but are qualitatively the same as results based on relative duration.
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conclude that our results remain robust after controlling for impact from limit
orders.12

5. Conclusions

In this paper, we extend the studies by Barclay et al. (1999) and Weston (2000)
on the effect of the OHRs implemented by the SEC in 1997. Our evidence sug-
gests that while spreads and dealers’ rent declined after the OHRs, dealer’s mar-
ket share of trading volume became less sensitive to quote competitiveness. This
indicates that quote competitiveness and market share of trading volume became
delinked. We attribute this unusual phenomenon to the dominance of prefer-
enced trading on the NASDAQ market. Focusing on two characteristics that are
closely associated with preferenced trading, low quote competitiveness and low
IAC, we find evidence in support of this view. With preferenced trading largely
unaffected by the OHRs, dealers used it as a more attractive alternative strategy
over quote competition for order flow competition after the OHRs were imple-
mented on the NASDAQ. Consistent with this view, we find net entry (exit) of

Table 10

Logistic regressions with adjusted post-order handling rule (OHR) relative quote competitiveness

(RQC)

RQC = adjusted relative duration

Intercept )4.5577 (0.0658)
IAC )3.1507 (0.0927)
Relative spread 0.0434 (0.0005)

HHI 0.0650 (0.7714)

LTV 0.0235 (0.8268)

Max-rescaled R2 0.0736

This table reports results for binary logistic regression model (4). Positions in the 45 stocks that were

brought under the OHRs in February 1997 and in which market makers were required to quote at

least 1000 shares are ranked based on change in PTV and change in adjusted RQC. Group 1 posi-

tions gained PTV and were ranked among bottom 40 per cent by the changes in adjusted RQC.

Group 2 positions lost PTV and were ranked among top 40 per cent by the changes in adjusted

RQC. Adjusted RQC is based on quotes with depth of 1000 shares. Information asymmetry cost

(IAC) is the cost of information asymmetry; LTV is the logged trading volume before the reform;

and HHI is the Herfindahl–Hirschman Index before the reform. Figures in parenthesis are the p-val-

ues.

12 The entry and exit results are not reported to save space. For this subset of 45 stocks,
there is no net entry for any of the four categories after adjusting for quotes from limit
orders. Net exits of competitive positions are higher than net exits of uncompetitive posi-
tions. There are more entries and exits in low information asymmetry stocks than in high
information asymmetry stocks. Also, almost all of the entries are classified as uncompeti-
tive after the adjustment.
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uncompetitive (competitive) position and that most of the action took place in
low IAC stocks.
Our findings have significant implications for policy makers. Between 1997

and today, the U.S. stock markets and options markets have undergone numer-
ous changes in the market structure and trading rules. However, none of the
reforms directly addresses the problem of preferenced trading. Owing to the scar-
city of data on preferenced trades, empirical evidence is limited, with the excep-
tion of Chung et al. (2004) and Huang et al. (2010). Both studies suggest that
preferenced trading is still prevalent even after decimalization. Even though aca-
demics have provided overwhelming evidence that preferenced trading is detri-
mental to market quality and many practitioners have openly expressed concern
over this practice, the SEC has been reluctant to adopt direct measures against
preferenced trading. Our findings suggest that the SEC’s indirect approach may
be ineffective.
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