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Abstract

We analyze data provided by NASDAQ to examine how quote aggressiveness affects dealer market
share and whether the practice of internalization mitigates the impact of quote aggressiveness. Our
empirical results show that although internalization does not reduce the impait@aggressive-
ness on dealer market share, it mitigates the impasizefaggressiveness. This result suggests that
although internalization may not affect the dealer’s incentive to post aggressive prices, it may reduce
the incentive to post large depths. We find that aggressive quotes are more effective in raising dealer
market share in stocks with a less competitive (more concentrated) market structure. Our results also
show that the effective spread is wider (narrower) for stocks with a smaller price (size) elasticity of
dealer market share.
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1. Introduction

Brokers and dealers on NASDAQ frequently internalize their order flow or route through
payment for order flow agreements. Internalization is the direction of order flow by a
broker-dealer to an affiliated market maker. Payment for order flow agreement involves
either direct monetary payments or in-kind goods and services provided by dealers to bro-
kers in return for routing customer ordefshung et al. (20043how that a large portion
of NASDAQ order flow is internalized and stocks with greater internalized trades exhibit
wider spreads.Although a number of prior studies show either analytically or with exper-
imental data that internalization exerts a negative impact on dealer competition and market
quality, there is relatively little empirical evidence on the issue.

In this study, we examine whether internalization adversely affects market quality by
reducing dealers’ incentives to post aggressive quotes. To address this question, we first
investigate the relation between dealer market shares and quote aggressiveness. Whether
dealers who quote more aggressively have larger market shares is an interesting question
given the fact that a significant portion of NASDAQ volume is internalized. If dealers who
guote aggressively have the same market share as dealers who do not quote aggressively,
dealers would have little incentives to post competitive quotes. If dealers do not post com-
petitive quotes, investors are likely to incur larger trading costs. We then address a related,
perhaps more intriguing question whether inter-stock differences in internalization can ex-
plain inter-stock differences in the elasticity of dealer market share with respect to quote
aggressiveness. If the practice of internalization reduces the incentive to quote aggressively
because such practice lowers the effect of quote aggressiveness on market share, then in-
ternalization may have an adverse effect on market quality.

Prior studies suggest that order preferencing (i.e., internalization and payment for or-
der flow) reduces the incentive to post aggressive qu@edek (1996holds that order
preferencing weakens the linkage between quote aggressiveness and order flow and dimin-
ishes the incentive to narrow the spreddang and Stoll (199&ndBessembinder (1999)
suggest that internalization and payment for order flow are likely sources of wider spreads
on NASDAQ. Bloomfield and O’Hara (19983how that order preferencing may signifi-
cantly degrade market performance if preferenced orders are a large share of the market
or are received by virtually all market makefsckert and Church (1999rovide experi-
mental evidence that payment for order flow and internalization limit dealers’ incentive to
improve price Christie and Schultz (1994Battalio and Holden (1996putta and Madha-
van (1997) andKandel and Marx (1997, 199%uggest that order preferencing facilitates
collusion and thus results in wider bid—ask spreads.

Although prior studies offer both analytical predictions and experimental evidence re-
garding the effects of order preferencing on execution costs, they offer limited evidence

1 Hansch et al. (1999)nd that preferenced (internalized) trades pay higher (lower) spreads for a sample of Lon-
don Stock Exchange stocks. They find no significant relation between the extent of preferencing or internalization
and spreads across stocks.

2 Benveniste et al. (1992 asley et al. (1996 Battalio et al. (1997)SEC (1997)Battalio and Holden (2001)
Battalio et al. (2001a, 2001bThung et al. (2004)andPeterson and Sirri (2003)so examine the effect of order
preferencing on market quality.
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as to the relation between quote aggressiveness and market share and whether this rela-
tion varies with order preferencing. Only recently have studies begun to shed some light
on the direct empirical link between quote aggressiveness and market Bhane and
Goldstein (1997¥ind that non-NYSE market makers attract more order flow for NYSE
stocks when they post the best available qud@esith (1999)shows that the bulk of inter-

dealer orders on NASDAQ are routed on the basis of the quotes of the potential recipients.
Bessembinder (2003)nds substantial quote-based competition for order flow in NYSE-
listed stocks. Bessembinder also shows that off-NYSE liquidity providers use quotations
as a selective signaling device to indicate whether they are prepared to give better than
normal trade executions and order routing responds to these signals.

Klock and McCormick (2002show that dealer market share increases with quote ag-
gressiveness on NASDAQ. The authors also find that stocks with a higher Herfindahl-index
(i.e., less competitive market structure) exhibit a smaller effect of quote aggressiveness on
market share. They interpret the latter result as evidence that order preferencing weakens
the effectiveness of aggressive quoting on order flow (given the assumption that stocks
with large Herfindahl-indexes also have high levels of order preferencing). Because the
authors do not utilize data on order preferencing, however, the study fails to show any di-
rect effect of order preferencing on the value of aggressive quotes. To date, no prior study
provided direct empirical evidence on whether order preferencing lowers the elasticity of
dealer market share with respect to quote aggressiveness.

In the present study, we analyze data provided by NASDAQ to examine how quote
aggressiveness affects dealer market share and whether the practice of internalization miti-
gates the impact of dealer quotes on market share. Considering the academic and regulatory
debates on whether internalization degrades market gdatitpay be of great interest to
both regulatory authorities and the general public to know how internalization affects the
dealer’s incentive to quote aggressively.

Our empirical results show that aggressive quotes help increase dealer market share,
despite the fact that a large proportion of NASDAQ order flow is internalized. We find that
while the impact of price aggressiveness on dealer market share does not vary with the
extent of internalization, the impact of size aggressiveness is significantly and negatively
related to internalization. These results suggest that although internalization may not affect
the dealer’s incentive to post aggressive prices, it may reduce the incentive to post large
depths. Contrary to the finding &lock and McCormick (2002jrom the pre-reform data,
we show that aggressive quotes are more effective in raising dealer market share in stocks
with lesscompetitive (more concentrated) market structure from our post-reform data. Our
results also show that the effective spread is wider (narrower) for stocks with a smaller
price (size) elasticity of dealer market share.

The paper is organized as follows. Sectibdescribes data sources and sample selec-
tion procedures and presents descriptive statistics. Se@malyzes the effects of price
and size aggressiveness on dealer market share. Séetamines whether the practice of
internalization mitigates the impact of quote aggressiveness on dealer market share. Sec-

3 SeeChristie and Schultz (1994Huang and Stoll (1996andChung et al. (2001)
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tion 5 analyzes the effect of the elasticity of dealer market share on the effective spread.
Section6 provides a brief summary and concluding remarks.

2. Data sourcesand sample characteristics

We obtain data for this study from NASTRAQTrade and Quote Data. To exam-
ine whether decimal pricing has any impact on dealer quotation behavior, we use data
from before and after the implementation of decimal pricing. For example, dealer quota-
tion behavior may change if decimal pricing reduces internalization drastically. We use
trade, inside quote, and dealer quote data for November 2000 as our study sample for
the pre-decimalization period. We use corresponding data for June 2001 for the post-
decimalization period.

We use proprietary data from NASDAQ to determine whether each trade is internalized.
Because the primary purpose of this study is to examine whether internalization lowers the
elasticity of dealer market share with respect to quote aggressiveness, we include a stock
in our study sample only if there are at least 12 dealers who make a market in the stock
during both periods.The final study sample consists of 1121 NASDAQ-listed stocks.

We omit the following to minimize data errors:

(1) quotes if either the ask or the bid is less than or equal to zero;

(2) quotes if either the ask size or the bid size is less than or equal to zero;
(3) quotes if the bid—ask spread is greater than $5 or less than zero;

(4) before-the-open and after-the-close trades and quotes;

(5) trades if the price or volume is less than or equal to zero;

(6) trade pricep,, if |(pr — pi—1)/pi-1| > 0.5;

(7) ask quoteqy, if |(a; — a;—1)/a;—1] > 0.5; and

(8) bid quotepy, if |(b; — bi—1)/b;—1| > 0.5.

We measure share price by the mean daily closing quote midpoints and return volatility
by the standard deviation of daily returns calculated from daily closing quote midpoints.
We measure number of trades by the average number of transactions during each month.
We measure trade size by the average dollar transaction size. We measure firm size by the
market value of equity at the beginning of each study period.

We report select attributes of our study sample of 1121 stocKalde 1 The average
share price is $23.51 before decimalization and $16.61 after decimalization. The average
dollar trade size and the average number of transactions are $15,217 and 36,980, respec-

4 We do not consider Electronic Communications Networks (ECNSs) as dealers because ECNs are purely order-
driven trading systems. The MMIDs of ECNs are ISLD, INCA, BTRD, NTRD, ATTN, BRUT, REDI, STRK,
MKXT, LSPD, GNET, TRAC, and ARCA. Although we do not view ECNs as market makers in the present
study, our inside market quotes reflect the highest bid price and lowest ask price among quotes from all market
participants, including ECNs.

5 To assess the robustness of our results, we replicate the analysis with stocks with at least 10, 15, and 20
dealers. The results are similar to those presented here.



4%

N
Table 1 T
Descriptive statistics S—
Variable Decimalization Mean Standard Percentile 3
deviation Min 5 25 50 75 95 Max S
Share price ($) Before 23.51 23.78 0.52 2.19 7.06 16.05 32.08 69.65 21048 =
After 16.61 15.83 0.13 0.92 4.16 12.14 24.64 49.92 93.30 <l
Number of Before 36,980 121,789 411 1492 3586 6938 17,483 154,854 1,428,967§
trades After 32,928 100,204 303 953 3241 7133 17,874 137,507 1,087,648 o
Trade size ($) Before 15,217 11,840 852 2167 5953 11,987 22,010 38,579 66,976 3
After 10,398 8871 436 1142 3348 8444 15,252 26,390 93,400 3
Return Before 0.0637 0.0303 0.0068 0.0206 0.0435 0.0609 0.0803 0.1130 0.4208 8
volatility After 0.0492 0.0274 0.0010 0.0163 0.0322 0.0440 0.0616 0.0956 035903 £
Market value Before 3,253,407 17,774,031 2769 62,766 203,308 524,454 1,513,360 9,183,270 387,361@00
of equity ($) After 1,754,427 8,760,813 2473 25,971 109,912 358,887 949,990 5,457,470 194,268,8D0
(inthousands) 2
Number of Before 20 8 12 12 14 17 23 38 46
dealers After 23 11 12 13 15 20 27 47 64

TET-80T (9002)5T Uonelp
o

Notes This table shows the attributes of our study sample of 1121 NASDAQ stocks before and after decimalization. We measure share price by the msiag dai
guote midpoints and return volatility by the standard deviation of daily returns calculated from daily closing quote midpoints. We measure nradbsrbgf the
average number of transactions during each month. We measure trade size by the average dollar transaction size. We measure firm size by theheaykity edlue
the beginning of each study period.
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tively, before decimalization and $10,398 and 32,928 after decimalization. The average
standard deviation of daily returns is 0.0637 before decimalization and 0.0492 after dec-
imalization. The average market capitalization is $3253 millions before decimalization
$1754 millions after decimalization. The larger percentage change in market capitalization
between the pre- and post-decimalization periods relative to the corresponding change in
share price indicates that the firm with a greater number of shares outstanding experienced
a larger reduction in share price. The mean, median, minimum, and maximum numbers of
dealers are 20, 17, 12, and 46 during the pre-decimalization period and 23, 20, 12, and 64
during the post-decimalization period, respectively.

To examine the extent to which market share is concentrated on top dealers, we cluster
our sample stocks into seven portfolios according to the number of dealers. For each stock
within each portfolio, we rank dealers according to their market shares and then calculate
the cross-sectional average market share for each rank within each pofidlie 2shows
the mean market share of each of the 10 largest dealers within each portfolio. For instance,
in the case of stocks with 12 to 15 dealers in panel A, the average market shares of the top
three dealers are 28.2, 17.3, and 12.7%, respectively, during the pre-decimalization period.
The top three dealers collectively account for nearly 60% of the total volume.

As expected, the average market shares of the top three dealers are lower for stocks
with larger number of dealers. For stocks with more than 40 dealers, the average market
shares of the top three dealers are 12.4, 9.6, and 8.4%, respectively. The combined market
share (30.4%) of these dealers is only slightly larger than one-half of the corresponding
figure (58.2%) for stocks with 12—15 dealers. For our entire study sample of stocks, the
average market shares of the top three dealers are 24.0, 15.2, and 11.4% during the pre-
decimalization period. The three dealers account for about 50% of the total volume. Note
also that the top five dealers account for more than two-thirds of the total volume. We find
similar results during the post-decimalization period. On the whole, these results suggest
that NASDAQ market shares are highly concentrated on a smaller number of dealers.

The degree of market concentration for our whole study sample, however, is lower than
that reported irEllis et al. (2002)for a sample of IPO stocks. They show that the most
active dealer accounts for about 40 to 45% of the total volume and the top three dealers
handle the vast majority (greater than 70%) of trades in their IPO sample. This should not
come as a surprise because the average number)(@Ddealers for our study sample is
much larger than the corresponding figures (between 7 and 10, depending on time periods)
for their IPO sample. The combined market share (58.2%) of the top three dealers for
those stocks with 12—15 dealers in our study sample is closer to the corresponding figure
(704 %) for the above IPO sample.

To shed further light on the nature of competition among dealers, we examine inter-
dealer differences in quote aggressiveness for our sample of stocks. We cluster our sample
stocks into seven portfolios according to the number of dealers. For each stock within each
portfolio, we rank dealers according to the percentage of time at the inside on at least one

6 Trades routed by a dealer to an ECN for execution are included in that dealer's market share. A dealer is
defined as a firm that reported at least one trade in a particular stock.
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Table 2

Market share of 10 largest dealers

No. of dealers Top 10 dealers
1 2 3 4 5 6 7 8 9 10

A. Before decimalization

12-15 282 17.3 127 9.9 7.9 6.3 51 4.0 31 22
(282) (455) (582) (681) (76.0) (823) (874 (914 (945 (96.7)

16-20 245 154 115 9.1 7.6 6.3 5.2 44 37 31
(245) (399 (514 (605 (681) (744 (796) (8400 (87.7) (90.8)

21-25 214 139 109 8.6 7.1 5.9 5.2 45 39 33
(214) (353) (462) (548 (619 (6780 (730) (775 (8L4) (847

26-30 1% 130 9.5 7.9 6.7 5.7 5.0 43 38 34
(196) (326) (421) (5000 (56.7) (624 (674 (7L7) (755 (789

31-35 170 114 9.2 74 6.4 5.6 47 43 38 36
(1700 (284) (376) (4500 (514 (57.00 (617) (66.0) (698 (734

36-40 166 106 8.6 74 6.1 5.5 5.0 41 38 35
(166) (27.2) (358) (432 (493 (548 (598 (639 (67.7) (712

41+ 124 9.6 84 74 6.5 5.8 51 44 38 34

(124) (2200 (304 (378 (443) (501) (552) (596) (634) (66.8)
Whole sample 24 152 114 9.1 7.4 6.1 51 4.2 35 29
(2400 (392 (506) (/9.7 (67.1) (732) (783) (825 (860) (889

B. After decimalization

12-15 288 176 126 9.6 77 6.2 49 39 30 22
(288) (464) (590) (686) (763) (825) (87.4) (913) (94.3) (96.5)
16-20 260 154 113 9.0 73 6.0 5.1 43 36 30
(260) (414) (527) (617) (69.0) (750) (801) (84.4) (880) (910)
21-25 224 147 109 8.4 7.0 5.9 5.1 44 37 32
(224) (37.1) (480) (564) (634) (69.3) (744) (788) (825) (85.7)
26-30 1%5 133 97 80 6.8 57 5.1 4.4 39 34
(195) (328) (425) (505) (57.3) (630) (681) (725 (764) (79.8)
31-35 183 123 93 73 6.0 5.2 47 43 38 34
(183) (306) (399 (47.2) (532) (584) (631) (67.4) (712) (746)
36-40 147 105 8.4 7.0 6.1 5.4 47 42 38 35
(147) (252) (336) (406) (467) (521) (56.8) (610) (64.8) (68.3)
41+ 131 92 76 6.6 58 5.2 47 43 39 36

(131) (223) (299) (365 (423) (475 (522) (565) (604) (64.0)
Whole sample 23 147 108 86 7.0 59 5.0 4.2 35 30
(234) (381) (489) (575) (645) (704) (754) (796) (831 (86.1)

Notes This table shows the market share of each of the 10 largest dealers within each portfolio of stocks formed by
the number of dealers.We report the results for pre- and post-decimalization periods. The numbers in parentheses
are the cumulative dealer market shares for the portfolio.

side of the quoteRTINS and then calculate the cross-sectional averadreTdil Sfor each
rank within each portfolio.

Table 3shows the mean values BT INSfor the 10 most aggressive dealers within each
portfolio. For instance, in the case of stocks with 12 to 15 dealers in panel A, the most
aggressive dealer is at the inside 55.5% of time, the second most aggressive one is at the
inside 44.3% of time, and so on. Notice that the percentage of time at the inside declines
gradually across dealers within each portfolio. Hence, the inside market quotes for a given
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Table 3
Percentage of time at the inside for 10 most aggressive dealers
No. of dealers 10 most aggressive dealers

1 2 3 4 5 6 7 8 9 10

A. Before decimalization

12-15 555 443 368 315 270 229 196 160 128 100
16-20 539 429 362 317 278 247 217 187 163 139
21-25 510 409 352 311 271 245 220 196 177 160
26-30 500 399 354 317 286 258 232 211 194 17.8
31-35 493 398 354 319 285 257 238 218 204 188
36-40 523 450 412 368 338 312 282 263 243 221
41+ 491 409 370 330 302 277 265 246 227 214

Whole sample 53 427 363 317 278 244 215 186 161 137
B. After decimalization

12-15 532 402 329 271 224 190 160 133 107 8.3
16-20 469 363 298 253 219 189 164 141 122 105
21-25 440 350 293 252 221 196 175 155 138 121
26-30 428 318 271 242 218 196 17.8 160 144 131
31-35 414 312 259 228 200 180 165 152 142 127
36-40 384 290 238 206 185 163 149 140 129 119
41+ 435 326 284 246 224 204 188 175 165 157

Whole sample 4q 357 296 252 218 191 168 147 128 111

Notes This table shows the percentage of time at the inside for 10 most aggressive dealers within each portfolio
of stocks formed by the number of dealers. We cluster our sample stocks into seven portfolios according to the
number of dealers. For each stock within each portfolio, we rank dealers according to the percentage of time at
the inside on at least one side of the qud&@INS and then calculate the cross-sectional averadeToNSfor

each rank within each portfolio. We report the results for the pre- and post-decimalization periods.

stock are established and shared by many competing dealers rather than by few dominant
dealers.

3. Effect of quote aggressiveness on dealer market share

In this section we analyze the effect of quote aggressiveness on dealer market share. We
first examine whether dealers attract more order flow when they are at the inside market.
We then estimate the elasticity of market share with respect to dealer quote aggressiveness.
We note that NASDAQ dealer quotes frequently reflect limit orders from customers rather
than the dealer’s trading interest. Because our main focus is to examine whether aggres-
sive quotes (regardless of their origins) lead to larger market share, it is unimportant to
distinguish whose interests are reflected in dealer quotes.

3.1. Do aggressive quotes bring more order flow?

This section analyzes whether dealers receive more order flow when they are at the
inside market than when they are not at the inside. Because the proportion of time during
which dealers are at the inside is usually much smaller than the proportion of non-inside
time, a simple comparison of dealer volume at the inside and non-inside is likely to result
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Table 4
Effect of quote aggressiveness on order flow

Variable Mean Standard Percentile
deviation min 5 25 50 75 95  Max

A. Before decimalization
TAINS ) 26.60 1913 0 470 1601 2427 3347 5016 18649
TANINS /) 5.85 1099 0 Q14 098 278 670 2135 15674
TAINSj) — TANINSj) 20.75™ (17.75)

B. After decimalization

TAINSj) 36.94 2356 0 706 2257 3389 4628 7921 17117
TANINS ) 4.79 6.04 0 011 090 274 602 1661 4565
TAINSj) — TANINSj) 32.15™ (23.79)

Notes This table shows descriptive statistics for the time-adjusted inside volIWENSj)) and the time-
adjusted non-inside volum@ANINSj)). Numbers in parentheses arstatistics testing the equality of the mean
betweenTAINS j) andTANINS /).

* Significant at the 1% level.

in an inaccurate assessment of the effect of quote aggressiveness on order flow. Hence,
we normalize dealer volume at the inside and non-inside by dealer time at the inside and
non-inside, respectively.

We calculate dealej’s time-adjusted inside volume in sto¢KTAINS, j)) by divid-
ing the proportion of stock's volume executed by dealgrwhile dealer; is at the inside
by the proportion of time during which dealgiis at the inside for stock We then aver-
ageTAINS, j) across stocks to obtain dealgs time-adjusted inside volum&AINS ).
Likewise, we calculate dealgrs time-adjusted non-inside volum@ANINS, j)) by di-
viding the proportion of stock’s volume executed by dealgrwhile dealer; is not at
the inside by the proportion of time during which deajeis not at the inside. We then
averag€eTANINSi, j) across stocks to obtain dealgs time-adjusted non-inside volume,
TANINS ).

Table 4 shows the mean value GFAINSj) (TANINS)) across dealers, together
with its standard deviation and percentile values. Note that the mean vall&NEg ;)
is greater than the mean value BANINS ;) and the difference (20.75) is statistically
significant at the 1% level before decimalization. We find similar results from the post-
decimalization data. These results indicate that dealers indeed receive more order flow
when they are at the inside than when they are not at the inside. These results are consis-
tent with the finding oKlock and McCormick (2002andBessembinder (2008)at dealer
market share increases with quote aggressiveness.

3.2. Elasticity of dealer market share with respect to price and size aggressiveness

In this section, we examine how dealer market share varies with quote aggressiveness.
There are two dimensions of quote aggressiveness: price and size (i.e., depth). We measure
price aggressiveness by the percentage of dealer time at the inside. We measure size ag-
gressiveness by the relative magnitude of a dealer’s quoted depth in relation to the average
quoted depth of all dealers at the inside for a given stock.
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To examine the impact of quote aggressiveness on dealer market share, we estimate the
following regression models for each stock:

log(MS(i, j)) = voi + ¥1: l0g(PTINSAG, j)) + 2 og(RELQS:, /) +2(i. /). (2)

where MS(i, j) is dealerj’s market share in stock (i.e., V (i, j)/Z/. Vi, j), where

V (i, j) is stocki’s volume accounted for by dealg), PTINS, j) is the percentage of
time during which dealey is at the inside for stock, RELQSi, /) is the ratio of the av-
erage depth of dealgr's inside market quotes to the average depth of all dealers’ inside
market quotes for stock PTINSA(, j) is the percentage of time during which deajds

at the inside alone for stogk ande1 (i, j) andex(i, j) are the error terms.

An alternative way to investigate whether more aggressive quotes lead to greater order
flow is to look at the inter-temporal correlation between quotes and trades (instead of the
inter-dealer difference in market share in each stock). For example, one can look at whether
a dealer could increase his market share of order flow at timd by actively moving
quotes to the inside at time However, we are unable to take this approach because it
requires individual dealer trade data which are not publicly available.

We estimate the above models feach stockusing individual dealer quote data and
calculate the mean coefficient across stocks and;teatistic. We obtain the-statistic
by adding individual regressionstatistics across stocks and then dividing the sum by
the square root of the number of regression coefficients. Because we take the log of the
dependent and independent variables, the estimated coefficients measure elasticity, i.e., the
percentage change in market share given 1% change in quote aggressiveness variables.

Table 5shows the mean coefficients apdtatistics (in parentheses) during each study
period. The results show that a 1% increasd*TINSresults in about 0.80% (0.72%)
increase in dealer market share during the pre- (post-) decimalization period. Similarly,
a 1% increase ifPTINSAresults in about 0.62% increase in dealer market share during

Table 5
Elasticity of dealer market share with respect to quote aggressiveness (first-pass-regression results)
Before decimalization After decimalization
log(M(i, j)) log(MS(i, j)) log(MS(, j)) log(M(i, )
log(PTINS, j)) 0.8021" 0.7164"
(158.64) (168.11)
log(PTINSAG, j)) 0.6186" 0.6205"
(159.33) (178.92)
log(RELQS, j)) 0.3953" 0.2063" 0.3612" 0.2220"
(40.47) (21.87) (38.06) (25.03)

Note Numbers in parentheses arstatistics.
* Significant at the 1% level.

7 There is significant cross-sectional variationRELQS:, j). The mean, median, standard deviation, min-
imum, and maximum values ®RELQS:, j) are 0.52 (0.54), 0.38 (0.37), 0.45 (0.58), 0.01 (0.02), and 10.14
(36.40) during the pre- (post-) decimalization period.
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both period$ The results show that a 1% increaseRELQSresults in about 0.21 to
0.40% increase in dealer market share, depending on different model specifications or time
periods. Thez-statistics indicate that the results are all statistically significant at the 1%
level.

Overall, our findings indicate that aggressive quotes help increase dealer market share
on NASDAQ, despite the fact that a significant portion of NASDAQ volume is either inter-
nalized or routed through payment for order flow agreements. Our findings are in line with
the results reported iKlock and McCormick (2002pased on the data prior to the 1997
NASDAQ order handling rule changes.

4. Doesinternalization reduce the effect of quote aggressiveness on market share?

Prior studies suggest that internalization reduces the incentive to post aggressive quotes
because it weakens the linkage between quote aggressiveness and or8etdloaver,
none of these studies provide direct empirical evidence regarding the effects of internaliza-
tion on the elasticity of dealer market share with respect to quote aggressiveiresisis
section, we examine whether internalization mitigates the impact of quote aggressiveness
on dealer market share.

Market structure is also likely to affect the impact of quote aggressiveness on market
share. We conjecture that aggressive quotes are more effective in raising market share in
less competitive (i.e., more concentrated) markets. In general, for a given stock, the average
market share of dealers who are at the inside decreases with the number of dealers at the
inside. Hence, the gain in a dealer’s market share would be larger when he starts quoting
aggressively at the inside in markets (i.e., stocks) with fewer dealers. Because the number
of dealers is likely to be smaller in concentrated markets, it follows that the effect of quote
aggressiveness on market share would be greater in concentrated rhatkesldition,
it may be easier for a dealer to penetrate and gain market share in stocks with uneven
distribution of dealer market shares (i.e., less competitive market structure).

4.1. Measurement of internalization and market concentration

Proprietary data from NASDAQ contain information on the quotes and transactions of
all market makers that allows us to determine whether a public trade is internalized. We

8 Although the present study holds that aggressive quotes help increase dealer market share, causality can be
opposite. For example, dealers with a larger market share may get more limit orders at the inside quote, and as a
result, they are at the inside more often.

9 SeeGodek (1996)Huang and Stoll (1996)Battalio and Holden (1996Dutta and Madhavan (1997and
Kandel and Marx (1997, 1999)

10 Bessembinder (2003hows that quote characteristics, including size, time priority, and proximity to the
inside, significantly affect observed execution venue for NYSE-listed stocks, indicating a substantial degree of
guote-based competition for order flow.

11 suppose that dealers who are at the inside split market share equally,i.aleilers are at the inside, each
dealer’'s market share ig¥. In such a case, if a new dealer starts quoting aggressively at the inside in a stock
with N dealers already at the inside, his market share would change from zet@\er1l). Thus, the change in
market share associated with moving from the non-inside to inside market quotes is negatively rélated to
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consider a trade internalized if the reporting market maker (i.e., the broker-dealer who re-
ceived the order from the customer) is also a contra party in the trade. We then calculate the
percentage of trades that are internalized for siotT (i), using the following formula:

INT(i) =) VINTG, j)/z V. j), 3)
j i

whereV (i, j) is stocki’s volume executed by dealgrandVINT(, j) is stocki’s inter-
nalized volume forwarded to dealgr We measure trading volume both in dollars and
number of shares. The results are, however, qualitatively identical between the two mea-
sures. Hence, we report only the results based on dollar volume throughout the paper.

We employ the Herfindahl-index as a measure of market concentration for each stock.
We calculate the Herfindahl-index for stockising the following formula:

2
H-INDEX(i) = Z[lOOV(i, Ny va, j)] : (4)
- j

J

whereV (i, j) is stocki’s dollar volume executed by dealg¢r The Herfindahl-index in-
creases as the number of dealers decreases or as the proportion of volume by the leading
dealer increase$. Thus, a high Herfindahl-index is associated with high concentration of
trading.

Table 6shows descriptive statistics foNT (i) and H-INDEX(i) during the pre- and
post-decimalization periods. The mean and median valuéTaf) are 33.98 and 35.48%
before decimalization and 31.55 and 33.60% after decimalization, respectively. Hence,

Table 6
Internalization and the Herfindahl-index before and after decimalization
Variable Decimalization Mean Standard Percentile
deviation \Min 5 25 50 75 95  Max
INT () Before 33.98 13.81 0.81 9.58 24.68 35.48 43.67 55.08 70.07
After 31.55 14.00 0.04 581 2189 33.60 4145 5159 78.92
After — Before —2.43"
(—4.13)
H-INDEX(i) Before 1152 504 345 521 821 1070 1362 2026 4510
After 1061 498 302 432 724 976 1301 1950 4614
After — Before —91™
(—4.29)

Notes This table shows the proportion of internalized trades and the Herfindahl-index for our study sample of
1121 NASDAQ stocks before and after decimalization. Numbers in parenthegestatistics testing the equality
of the mean between the pre- and post-decimalization periods.

* Significant at the 1% level.

12 Note that Herfindahl-index can be decomposed into two paftdNDEX(i) = 10,000SS0i) + 1/J(i)],
whereSSO;) is the sum of squared deviations of individual dealer market shares from the mean for atatk

J (i) is the number of dealers for stotkThe first part measures inequality of market share across dealers and the
second part measures the fewness of market-making dealers. We note that our estimates of Herfindahl-index are
overstated because we do not consider ECNs as dealers.
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about one-third of trading volume for our study sample of stocks is internalized. Note
also that there is wide variation in internalized volume across stocks. The percentage of
internalized volume ranges from 0.81 (0.04) to 70.07 (78.92) before (after) decimalization.
Although the difference in the mean between the two peried®.43%) is statistically
significant at the 1% level, the observed decline is not as dramatic as some market observers
have anticipated. Consequently, decimal pricing is unlikely to significantly change the way
guote aggressiveness influences dealer market share.

The mean Herfindahl-index is 1152 before decimalization and 1061 after decimalization
and the difference{91) is statistically significant at the 1% lev8chultz (2000shows
that the average Herfindahl-index for NASDAQ stocks is 2883 just prior to the 1997 order
handling rule change and 2756 after the rule chafdiés et al. (2002)report a mean
Herfindahl-index of between 3542 and 4589 during the first 140 days after the IPO for a
sample of NASDAQ stocks. The smaller Herfindahl-index of our study sample is largely
due to the fact that we include only those stocks with at least 12 market makers in our study
sample.

There is wide variation in the Herfindahl-index across our stocks: from 345 to 4510
before decimal pricing and from 302 to 4614 after decimal pricing. The Federal Trade
Commission (FTC) considers the Herfindahl-index values below 1000 as characteristics
of an unconcentrated industry, the index values between 1001 and 1800 as indicative
of moderate concentration, and the index values greater than 1800 as indicative of high
concentration. Hence, our study sample of stocks covers a wide range of dealer market
structure: from highly competitive ‘unconcentrated’ market structure to highly concen-
trated market structure. Although the Herfindahl-index is usually applied to broadly defined
industries rather than narrowly defined industries like market-making in a specific stock,
the FTC guidelines offer some insight on the nature of dealer competition on NASDAQ.

4.2. Regression results

We estimate the following second-pass regression model to determine whether the ef-
fect of quote aggressiveness on dealer market share varies with internalization and market
structure:

A1i OF A2i = wo + w1INT (i) + w2 H-INDEX(i) + w3log(PRICH())
+ w410g(NTRADE;)) + wslog(TSIZEi)) + weVOLATILITY()
+ w7log(MVE®)) + £1(i), (5)
Yri OF Yo = v + L1INT (i) + v H-INDEX(i) + v3log(PRICK())
+ v4log(NTRADE:)) + vslog(TSIZHi)) + vgVOLATILITY(i)
+v7log(MVE(D)) + e2(i), (6)

whereis;, Az, Y1, andyr; are the coefficient estimates from the first-pass regressions
(i.e., regression mode(4) and(2)), INT (i) is the proportion of stock's internalized vol-
ume, andH-INDEX(i) is the Herfindahl-index of stock We include the following five
stock attributes as control variables: the average quote mid@RRICHi)), the number of
transactiongNTRADEK:)), the average dollar trade siFESIZKi)), the standard deviation

of quote midpoint return6VOLATILITY(i)), and the market value of equitiMVE(i)).
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Panel A ofTable 7shows the results of weighted regressions and panel B shows the
results of non-weighted regressions. In the weighted regression, we use the absolute values
of ¢-statistics from the first-pass regressions as weights. This approach assigns smaller
weights to the first-pass regression coefficients in the second-pass regression when they
are less meaningful (i.e., smallestatistics). In contrast, in the non-weighted regression,
the estimated coefficients from the first-pass regressions have the same weight, regardless
of their statistical significance. We employ both approaches to assess the robustness of our
results to different estimation methods. In each panel, we report the results for both study
periods.

For each period, the first two columns show the results of the second-pass regressions
(i.e., regression modé¢b)) when we usPTINSandRELQSas price and size aggressive-
ness measures in the first-pass regression (i.e., regression(tpdethe next two columns
show the results of the second-pass regressions (i.e., regression(B)adien we use
PTINSAandRELQSas price and size aggressiveness measures in the first-pass regression
(i.e., regression modé€R)).

Panel A shows that the elasticityi( andr1;) of dealer market share with respect to
price aggressiveness is invariant to the percentage of trades that are internalized during both
periods, regardless of whether we WSEINSor PTINSAas price aggressiveness measure.
Hence, our results suggest that a dealer can raise his market share in a stock by quoting
aggressively, regardless of the extent to which its order flow is internalized. We find qual-
itatively identical results from the non-weighted regressions (see panel B). These results
suggest that the dealer’s incentive to post aggressive price quotes may not be adversely
affected by internalization.

Prior studies suggest that internalization may adversely affect market quality because
internalization reduces the dealer’s incentive to quote aggressively. For instoek
(1996)holds that non-price driven order flow (e.g., internalized or preferenced order flow)
diminishes the incentive to narrow the spread. This conjecture is largely based on the
presumption that internalization and payment for order flow mitigate the effectiveness of
aggressive quotes in raising dealer marker shares. Our empirical results indicate that such
a presumption may not be warranted. Consequently, the effect of internalization on market
quality is not so evident as prior studies have sugge'sted.

Bloomfield and O’Hara (1998xamine how order preferencing affects the competi-
tiveness and informational efficiency of laboratory financial markets. The authors offer
experimental evidence that order preferencing has deleterious effects on market quality if
preferenced orders are received by all, or virtually all, dealers in a market. However, the
study shows that order preferencing does not have adverse effects on market quality and the
informational efficiency of prices when two or more dealers are not receiving preferenced
orders.

In November 2000, the Securities and Exchange Commission adopted Rule 11Ac1-6,
which requires all broker-dealers that route orders in equity and option securities to make
available quarterly reports that present a general overview of their order routing practices.

13 Qur results are similar, in spirit, to the finding Béttalio et al. (1997}hat internalization has little short-run
effect on execution cost.



Table 7
Effect of internalization and market concentration on the elasticity of dealer market share with respect to quote aggressiveness
Before decimalization After decimalization
A Aoi V1 V2i Al A2i Vi Voi
A. Weighted regression results
Intercept 02666 Q7224 01140 —0.8630 01409 02107 04033" —0.979d
(0.91) (1.46) (0.59) (-1.52) (0.69) (0.58 (2.85) (—2.39
INT (i) 0.1229 —0.6717" 0.0016 —1.0780¢" 0.0286 —0.6024" 0.1589 —0.7195"
(1.08) (—3.80) (0.02 (—4.93 (0.33 (—3.82 (1.67) (-5.02)
H-INDEX(i)/10,000 10155" 1.5463" 0.9788" —0.1020 09780™ 1.930d™ 0.6563" 0.4760
(4.30) (3.99 (6.43) (-0.22) (4.79 (5.25) (4.63) 1.14
log(PRICE()) —-0.1022" 0.1307" —0.0447" 0.0188 —0.0583" 0.1133" 0.0018 00461
(—3.75) (2.83) (—2.46) (0.36) (—2.88 (322 (0.13 (113
log(NTRADE;)) 0.0230 00169 00447 0.0459 00325" 0.0418 0.0564" 0.0128
173 0.78 (5.21) (1.85) (3.08 (2.16) (7.87) (0.59
log(TSIZK:)) 0.0647 —0.1049 00429 01222 00465 —0.0754 —0.0224 01056
(1.61) (—1.50) (1.61) (1.53) (1.50) (—1.36) (—-1.03 (1.65)
VOLATILITY() 0.1460 —0.4735 00987 —0.6397 03322 04265 —0.0153 02594
(0.45) (—0.85) 0.47 (—0.97) (0.98) (0.70) (—0.07) (0.36)
log(MVE(i)) —0.0089 00316 —0.019¢ 0.0012 —0.0064 00263 —-0.0137 00278
(—0.66) (1.42) (—2.28 (0.05) (—0.58 @.2n (—1.81) (1.20)
F-value 1361 8.01™ 1228 1324 9.94™ 967" 21.00™ 18.03™
AdjustedR? 0.073 Q042 Q066 Q071 Q053 Q051 Q111 Q096

(continued on next page
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Table 7 continued

Before decimalization

After decimalization

Al A2i V1 Yo A1 A2i V1 Yo
B. Non-weighted regression results
Intercept 01644 02832 00734 —0.6794 02780 —0.2782 04576" —0.9394"
(0.55) (0.61) (0.36) (~1.49 (1.30) (-0.79) (2.98 (—-2.72)
INT (i) 0.0934 —0.6420" —0.0467 —0.7927" 0.0616 —0.4833" 0.1199 —0.4754"
(0.81) (—3.63) (—0.60) (—4.52) (0.68) (—3.25) (1.85) (—4.26)
H-INDEX(i)/10,000 a7819" 1.6463" 1.0035" —0.1681 08937" 1.4548" 0.8671" 0.6314
(3.40) (3.83 (6.42) (~0.48) (4.25) (4.20) (5.73 (1.85)
log(PRICE()) —0.1026" 0.0554 —0.0329 00135 —0.0233 00505 00368 0.0150
(—3.62 1.27) (-1.70) (0.31) (—1.09) (1.43) (2.39) (0.43)
log(NTRADE;)) 0.0179 00182 00529 0.0179 00469" 0.0438 0.0754" 0.0340
(1.30) (0.86) (5.65) (0.85) (4.12) (2.33 (9.20) (1.84)
log(TSIZEi)) 0.0621 —0.0644 00299 00617 00038 —0.0493 —0.0685" 0.0452
(1.52) (-1.02) (1.07) (0.99) 0.12) (—0.94) (—3.01) (0.88)
VOLATILITY() 0.3273 —0.5112 —0.0746 —0.5909 01227 01694 00207 —0.1075
(0.93 (—0.95) (0.31) (-1.11) (0.34) (0.28) (0.08) (—0.18)
log(MVE(i)) 0.0022 00431 —0.0174 00331 —0.0068 00435 —0.0099 00398
(0.15) (1.98) (—1.80) (1.53 (—0.56) (2.15 (-1.12) (2.01)
F-value 1002™ 7.04" 11.78™ 11417 6.92" 7.72" 27.30" 13.06™
AdjustedR? 0.053 0036 0063 Q061 0036 0040 Q141 Q070

Note Numbers in parentheses arstatistics.

* Significant at the 5% level.
* Significant at the 1% level.
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The reports should include information regarding the significant venues to which customer

orders are routed for execution and disclose the material aspects of the broker-dealer’s
relationship with such venues. Inspection of these reports suggests that, for a given stock,
there are typically more than two dealers who are not receiving preferenced orders. We
consider this as a possible reason why internalization does not diminish the elasticity of

market share with respect to price quote aggressiveness.

AlthoughChung et al. (2004find a negative correlation between dealer quote aggres-
siveness and internalization, they acknowledge that it is difficult to determine the causality
of the observed correlation. For example, with a large relative spread, the dealer may sel-
dom be at the inside and thus may receive only internalized orders. In this case, it is the
large dealer spread that causes greater internalization.

Chung et al. (2004plso note that the positive relation between the effective spread
and internalization shown in their study may be driven by investor behavior rather than a
difference in market quality. The authors hold that investors may value immediate liquidity
more than price improvement in stocks with higher internalization. That is, internalization
may be high in these stocks because demand for immediate liquidity is high. Investors
may also be choosing to trade “net” to a greater degree in stocks with high internalization,
which implies that the effective spread includes an implicit commission.

Alternatively, the negative relation between quote aggressiveness and internalization
could have resulted from dealers’ false beliefs that internalization would weaken the effect
of quote aggressiveness on market share. In addition, one cannot rule out the possibility
that market makers post less aggressive quotes in stocks with larger internalized trades for
reasons that are unrelated to market share.

Table 7shows that the elasticity.g; andir,;) of dealer market share with respecstne
aggressiveness is significantly and negatively related to the extent of internalization during
both periods. This result indicates that the effect of size aggressiveness on dealer market
share is smaller for stocks with larger internalized volumes. We find qualitatively identical
results from the weighted and non-weighted regressions. To the extent that internalization
reduces the value of aggressive size quotes in raising dealer market share, the dealer’s
incentive to post large depths may be adversely affected by internalization. Consequently,
dealers may quote smaller depths for stocks with larger internalized trades, reducing the
overall liquidity for these stocks.

It is unclear why internalization reduces the effect of aggressive size quotes on dealer
market share. Prior studies, includiBjoomfield and O’Hara (1998)focus mostly on
the possible effects of order preferencing on price competitiveness. Consequently, existing
theory provides little guidance on how internalization influences the effect of size quote ag-
gressiveness on dealer market share. A possible explanation for our result is that for stocks
with larger internalized volumes, quoting large depth may be less important in attracting
additional order flow because internalization is accompanied by execution size guarantees
that are larger than the typical size at the inside quotes.

Another possible explanation may be in the role of public limit orders. For instance,
dealers with lots of public limit orders may quote on the inside more often and also have
large market share. Although larger depth leads to greater market share, dealers with more
public limit orders tend to have smaller quotes. Consequently, assuming that dealers with
more public limit orders also internalize more often, quoting a large size in stocks with
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large internalization volume would be a less effective means for attracting market share.
Indeed, we find from our data that dealers who internalize more have larger market share,
are on the inside more often, and quote smaller sizes.

Overall, our results suggest that the extent to which dealers can raise market share by
quoting larger depths is smaller for stocks with large internalized volumes. In contrast, we
find that internalization does not affect the extent to which dealers can raise market share
by staying at the inside market. The former result suggests that internalization may reduce
the dealer’s incentive to quote large depths. The latter result suggests that internalization is
unlikely to reduce the dealer’s incentive to quote aggressive pHc@bung et al. (2004)
show that internalized trades receive significantly larger size improvements than unpref-
erenced trades. Hence, although internalization may reduce the dealer’s incentive to quote
large depths, its ultimate effect on execution quality is unclear.

We find that the elasticity of market share with respect to quote aggressiveness increases
with the Herfindahl-index. Panels A and BTdble 7show that the price elasticity of dealer
market share is positively and significantly related to the Herfindahl-index during both the
pre- and post-decimalization periods. Similarly, the size elasticity of dealer market share is
also positively and significantly related to the Herfindahl-index in most regression models.
Overall, these results are consistent with our expectation that dealer quote aggressiveness
is more effective in raising market share in stocks with a less competitive market struc-
ture. These results differ from the findingkfock and McCormick (2002)They find that
guote aggressiveness has greater impacts on dealer market share in stockaallih
Herfindahl-indexes using the 1996 data before the introduction of the new order handling
rules on NASDAQ®

Finally, the regression results show that aggressive quotes are more effective in raising
market share for stocks with more frequent trading. However, we find that other stock
attributes (i.e., share price, trade size, return volatility, and market capitalization) have
no apparent or consistent effects on the elasticity of market share with respect to quote
aggressiveness during both periods.

4.3. Further analysis of the effect of internalization on dealer market share

In this section, we provide an alternative test of the effect of internalization on dealer
marker share. We examine whether the effect of degikeguote aggressiveness on his
market share of stocks unpreferenced volume is different from the corresponding effect
on his market share of stogks internalized volume. We consider trades unpreferenced
if executing dealers are at the inside market at the time of taiée then estimate the

14 our findings are at variance with the observatioBessembinder (1999, p. 406iat “If, in contrast, a large

portion of order flow is subject to preferencing agreements, then posting a better quote may not attract order
flow, leaving little incentive to improve quotes.” The results are also at varianceliiitier and Wyatt's (2002)
experimental finding that internalization reduces the incentive to narrow the spread.

15 The observed discrepancies between the two studies’ findings may be attributed to differences in empirical
methods, market structures, and/or study periods.

16 This method of classifying trades into preferenced and unpreferenced is imperfect for the following two
reasons. First, not all trades at the inside are unpreferenced trades because a broker may send customer orders to a
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following regression models:

log(MSINS, j)) = a0 + a110g(PTINS, j)) + a2 10g(PTINSAG, j))

+ a3log(RELQS:, j)) + €1, j). 7
log(MSINT(, j)) = Bo + B110g(PTINSG, j)) + B2log(PTINSAG, j))
+ B3log(RELQS:, j)) + &2(i, j). (8)

log(MSINSi, j) or MSINT(, j))
=0+ y110g(PTINSi, j)) + y2log(PTINSAG, j))
+ y3log(RELQS;i, j)) + v4log(PTINS(, j)) - Z + yslog(PTINSAG, ) - Z
+ v6109(RELQSi, /) - Z + £3(i, j), 9)

whereMSINS;, j) is the product of dealej’s market share of stocks inside volume
{VINS, j)/Zj VINS(, j), whereVINS, j) is stocki’s volume at the inside market ac-
counted for by dealef} and the number of dealers for stackMSINT(, ;) is the product
of dealer;’s market share of stocks internalized volumgVINT(, j)/ Zj VINT(, j)}

and the number of dealers for stack’ PTINS, /) is the percentage of time during which
dealer; is at the inside for stock, PTINSAG, j) is the percentage of time during which
dealer;j is at the inside alone for stoak RELQS:, j) is the ratio of the average quoted
depth of dealerj’s inside market quotes for stoagkto the average quoted depth of all
dealers’ inside market quotes for stockand Z is an indicator variable which equals
one for internalized volume and zero otherwise. We report the results for pre- and post-
decimalization periods.

If dealer market share increases with price aggressiveness, we expect that estimates of
a1, a2, B1, andps are all significantly positive. If the elasticity of dealer market share with
respect to price aggressiveness for internalized order flow is smaller than the corresponding
elasticity for unpreferenced (inside) order flow, we expect hat 0 andys < 0. Like-
wise, if dealer market share increases with size aggressiveness, we expect that estimates of
a3 and B3 are significantly positive. If the elasticity of dealer market share with respect to
size aggressiveness for internalized order flow is smaller than the corresponding elasticity
for unpreferenced order flow, we expect that< 0.

We show the regression resultsTable 88 The first three columns show the results
for the pre-decimalization period and the next three columns show the results for the post-
decimalization period. For each period, the first two columns show the results of regression

market maker with preferencing arrangement when the market maker is posting the inside market quotes. Second,
non-internalized trades that are executed by dealers whose quotes are away from the inside for a given stock are
not necessarily all preferenced trades, especially when orders are sent by a broker who has internalized order
flow in the same stock. Dealers generally choose either to internalize or to establish preferencing arrangements
for the majority of their order flow in a given stock, but rarely will do both in a given stock. Therefore, some of

the preferenced trades we identify may reflect order flow to dealers who do not have any explicit preferencing
arrangement with the brokers. We thank Robert Battalio for the latter point.

17 we multiply dealer market share by the number of dealers to normalize inter-stock differences in the number
of dealers. Selock and McCormick (1999jor a detailed description of this method.

18 \We also estimate the model with a dummy variable for each stock (fixed effects) and find similar results.



Table 8

Effect of quote aggressiveness on dealer market share

Before decimalization

After decimalization

log(MSINSi, j)) log(MSINT(, j)) log(MSINSi, j) log(MSINSi, j)) log(MSINT(, j)) log(MSINS;, /)
or MSINT(, )) or MSINT(, ))
Intercept 2.0718 1.9007" 1.9857" 2.1637" 2.0807" 2.1217"
(93.50) (77.82) (120.35) (93.95) (80.18) (122.16)
log(PTINSG, j)) 0.5006" 0.5251" 0.5062" 0.4328" 0.4561" 0.4364"
(69.68) (68.08) (67.42) (64.63) (66.18) (62.14)
log(PTINSAG, j)) 0.2686" 0.2417" 0.2539" 0.2753" 0.2520" 0.2678"
(51.21) (38.61) (53.31) (50.13) (37.93) (53.59)
log(RELQS, j)) 0.3378" 0.2688" 0.3230" 0.2798" 0.2161* 0.2675"
(33.42) (25.93) (31.32) (29.97) (26.27) (27.84)
log(PTINS, j)) - Z 0.0133 0.0262
(1.29) (1.45)
log(PTINSAG, j)) - Z —0.0178 —0.0186
(-1.10) 1.22)
log(RELQS:i, j)) - Z —0.0634" —0.0589"
(—6.24) 5.59)
F-value 10,521.40 8020.32" 9137.88" 11,482.20° 9326.28" 10,253.00°
AdjustedR? 0.588 0.520 0.553 0.574 0.520 0.545

Note Numbers in parentheses arstatistics.

* Significant at the 1% level.
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models(7) and(8), and the third column shows the results of regression m@ellhe
regression results show that estimateagfez, 81, andgz are all positive and significant
during both periods, indicating that aggressive price quotes raise both internalized and
unpreferenced volumes. Similarly, we find that estimateazoénd 83 are positive and
significant during both periods, indicating that dealers who quote larger depths are likely
to have larger market shares for both internalized and unpreferenced volumes.

More importantly, we find that the estimatesjaf andys are insignificantly different
from zero. Hence, aggressive price quote helps increase the market share of both internal-
ized and unpreferenced volumes and its effectiveness is identical between the two types
of trades. In contrast, we find that the estimateygfis significant and negative during
both periods. This result indicates that depth quote aggressiveness is less effective in in-
creasing the market share of internalized volume than the market share of unpreferenced
volume. Overall, these results are qualitatively similar to those reporteahie 7 Hence,
we conclude that our main results are not sensitive to different empirical methodologies.

5. Theeffect of the elasticity of dealer market share on the effective spread

In this section we examine the relation between the elasticity of dealer market share and
the effective spread. If a dealer’s market share does not increase with the aggressiveness of
his price quotes, the dealer would have little incentive to quote aggressive prices. In con-
trast, if a dealer's market share were highly responsive to his quotes, the dealer would have
strong incentive to quote aggressive prices. Based on these considerations, we conjecture
that stocks with a larggprice elasticity of dealer market share exhibit narrower effective
spreads. For the same reason, stocks with a Iaigeelasticity of dealer market share are
likely to exhibit largerdepths'® Because the slope of the liquidity supply curve is positive
(i.e., larger depths are associated with wider spreads), we conjecture that stocks with a
larger size elasticity of dealer market share have wider effective spreads.

We estimate the following regression models to test the above conjectures:

ESPRD) = ag + a1A1; + azAp; + Control variablest €1 (i), (20)
ESPRDi) = Bo + 11 + B2v2; + Control variablest- ez (i), (11)

whereiq;, A2, ¥1;, andyry; are the coefficient estimates from the first-pass regressions for
stocki andESPRDY) is the effective spread of sto¢kWe expect coefficients fdry; and

Y¥1; (i.e., price elasticity) to be negative and coefficientsigrandyr; (i.e., size elasticity)

to be positive.

Table 9shows the regression results. To determine whether the results differ between
large and small trades, we estimate the above models for the whole sample as well as for
each of the three trade-size categories (100—499, 500-5000, and-5gres) during
the pre- and post-decimalization periods. Panel A shows the regression results without
control variables. Panel B shows the regression results with control variables. We include

19 e find that quoted depths increase with the size elasticity of dealer market share using our study sample.
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Table 9

Effect of the elasticity of dealer market share on the effective spread

Trade-sizeBefore decimalization After decimalization

category | 100-499 500-5000 5008 Al 100-499  500-5000 5009

A. Regression results without control variables

A —0.2092" —0.2037" —0.2093" —0.2850" -0.1954" —0.1775" -0.1873" —0.2473"
(—491) (-482 (—493 (-534) (-387) (-353 (—3.67) (—411

A9 0.0985"  0.0944* 0.1045" 0.1462" 0.0973° 00908 0.0938" 0.148¢"
3.97) (3.84) (4.24) (372 (3.18 (2.98 (3.03 (4.08

V1 —0.199¢" —0.1891" —0.1936" —0.2650" —0.1956" —0.1714" —0.187¢" —0.2342"
(=349 (335 (3400 (-370) (-325 (-285 (-3.08 (-3.39

Vi 01616" 0.153¢" 0.1734" 0.2182" 01318 012908 01379 0.1953"

(5.77) (5.54) (6.12 (6.19 (4.13 (4.08 (4.29 (5.3
B. Regression results with control variables

A —0.0535" —0.0539" —0.0574" —0.0899" —0.0476" —0.0478" —0.0537" —0.0876"
(=3.04 (297 (=319 (=326 (-272 (-263 (=312 (-3.15
hoi 0.0265" 0.0237 00319" 00504" 0.0289" 00263° 0.0291" 0.0513"
(2.82 (2.39 (332 (3.43 (2.92 (2.55) (2.90) (327
o —0.0557" —0.0517 —0.0571" -0.0960" —0.0629" —0.0616" —0.063¢" —0.1061"
(—258  (—228) (263 (=279 (—265 (—251) (—-261) (—3.04
Vo 0.0316" 0.0279" 0.0379° 0.0625° 0.0387" 00316" 00397 0.0646"

(3.05 (2.64) (3.7 (3.87) (3.25) (2.56) (3.23 (3.69

Notes We use log of variables in the regressions. Numbers in parenthesestatistics.
* Significant at the 5% level.
* Significant at the 1% level.

PRICHKi), NTRADE;:), TSIZKi), VOLATILITY(), and MVE() (all in log) as control
variables.

Consistent with our economic intuition, we find that estimated coefficientsfoand
Yry; are significantly negative and estimated coefficientsifgrandrp; are significantly
positive. Although coefficients foki;, A2, ¥1;, and vy and theirs-statistics become
smaller when we include control variables in the regression, they all remain statistically
significant at the 5 or 1% level. These results indicate that traders incur greater execution
costs when the price elasticity of dealer market share is smaller and/or the size elasticity of
dealer market share is larger. Finally, the results show that estimated coefficients for size
elasticity are greater for larger trade-size categories, indicating that size aggressiveness is
an especially important determinant of the effective spread of large tfades.

6. Summary and concluding remarks
Prior studies suggest that internalization may adversely affect market quality because it

decreases the dealer’s incentive to quote aggressively. Internalization decreases the dealer’s
incentive to quote aggressively presumably because it weakens the effectiveness of quote

20 The authors thank an anonymous referee for suggesting this point.
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aggressiveness in raising market share. However, no empirical evidence exists to date on
whether internalization actually mitigates the impact of quote aggressiveness on dealer
market share on NASDAQ. In the present study, we offer such evidence using proprietary

data provided by NASDAQ.

Our empirical results confirm the finding of prior studies that aggressive quotes help
increase dealer market share on NASDAQ. We also find that the elasticity of dealer market
share with respect to price aggressiveness is similar across stocks with varying degrees of
internalized volumes. This suggests that the practice of internalization may not necessarily
adversely affect the dealer’s incentive to post competitive price quotes. The results show
however that the elasticity of dealer market share with respect to size aggressiveness varies
inversely with the degree of internalization. This suggests that the practice of internaliza-
tion may reduce the dealer’s incentive to quote larger depths at the inside. Contrary to the
finding of prior research, we find that the effect of aggressive quotes on dealer market share
is greater for stocks with more concentrated (less competitive) dealer market structure.

Overall, our results suggest that the effect of internalization on market quality may not
be as strong as some previous studies suggested. Despite the widespread practice of in-
ternalization, there is significant quote-based competition for order flow on NASDAQ. In
particular, contrary to popular belief, internalization does not appear to hamper competi-
tion for order flow through quoting competitive prices (at the inside alone or with other
dealers). Although the practice of internalization has some adverse effects on the dealer’s
incentive to quote large depths, its ultimate impact on execution quality is unclear because
internalized trades usually receive significantly larger size improvements than unprefer-
enced trades.
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