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Abstract
This paper examines liquidity and quote clustering on the NYSE and Nasdaq using data after the two major market reforms─the 1997 SEC order handling rule change and the minimum tick size change.  We find that Nasdaq-listed stocks exhibit wider spreads and smaller depths than NYSE-listed stocks.  The average quoted, effective, and realized spreads of Nasdaq-listed stocks are about 33%, 40%, and 69% larger, respectively, than those of NYSE-listed stocks.  The average depth of Nasdaq-listed stocks is about 57% less than the average depth of NYSE-listed stocks.  We find that about 63% of the difference in quoted spreads between Nasdaq and NYSE stocks can be attributed to the differential use of even quotes (e.g., even-eighths and even-sixteenths) between Nasdaq market makers and NYSE specialists.
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1.
Introduction

Numerous studies show that trading costs on Nasdaq are significantly greater than those on the NYSE.  For example, Goldstein (1993), Christie and Schultz (1994), Huang and Stoll (1996), and Bessembinder and Kaufman (1997a, 1998) find that both the quoted and effective spreads of stocks traded on Nasdaq are wider than those of comparable stocks traded on the NYSE.  In addition, Christie and Huang (1994) and Barclay (1997) find that spreads become narrower when stocks move from Nasdaq to the NYSE.  Christie and Schultz (1994) maintain that Nasdaq dealers implicitly collude to set wider spreads than their NYSE counterparts based on their finding that stocks listed on Nasdaq exhibit fewer odd-eighth quotes than comparable stocks on the NYSE.


The public disclosure of Christie and Schultz's (1994) findings rekindled debates on the efficacy of the Nasdaq system.  During the summer of 1994, numerous class-action lawsuits were filed in California, Illinois, and New York against Nasdaq market makers.
  Prompted by renewed debates and also by legal action taken against Nasdaq market makers, both the Department of Justice (DOJ) and the Securities and Exchange Commission (SEC) undertook regulatory investigations into the issue. These investigations led to a series of reforms on Nasdaq.  First, the DOJ investigation prompted market makers to curb the practice of avoiding odd-eighth quotes.  Second, NASD Regulation Inc. was created to takeover the regulatory responsibilities of the National Association of Securities Dealers (NASD).  Third, the SEC enacted sweeping changes in the order handling rules on Nasdaq.


On January 20, 1997, the phase-in of the new SEC order handling rules (OHR) began.
  The first rule, known as the "Limit Order Display Rule," requires that limit orders be displayed in the Nasdaq BBO (i.e., best bid and offer) when they are better than quotes posted by market makers.  This new rule allows the general public to compete directly with Nasdaq market makers in the quote-setting process.  The second SEC rule, known as the "Quote Rule," requires market makers to publicly display their most competitive quotes.  This rule allows the public access to superior quotes posted by market makers in Electronic Communication Networks (ECNs).
  Under the new rule, if a dealer places a limit order into Instinet or another ECN, the price and quantity are incorporated in the ECN quote displayed on Nasdaq.


Barclay et al. (1999) examine the effect of these changes on Nasdaq trading costs for the first 100 stocks phased-in under the new rules.  They find that quoted and effective spreads decline by about 30%, with the largest decline observed for the group of stocks with relatively wide spreads prior to the rule changes.  They also find that approximately 60% of the total decline in trading costs for Nasdaq stocks between January 1994 and February 1997 arose prior to the introduction of the new SEC rules.  They attribute this pre-reform decline in spreads to various government investigations and negative publicity directed at Nasdaq dealers ignited by the results in Christie and Schultz (1994).


On June 2, 1997, the minimum tick size on Nasdaq changed from $1/8 to $1/16 for stocks with a price greater than $10.  A similar change occurred for NYSE stocks on June 24, 1997.  Simaan, Weaver, and Whitcomb (1998) investigate the quotation behavior of Nasdaq market makers following the tick-size change.  They find that Nasdaq market makers continue to avoid odd ticks, but traders entering orders on ECNs do not exhibit the same behavior.  Their findings show that ECNs frequently establish the inside market quote and reduce trading costs for the public about 19% of the time.


Overall, both academic research and anecdotal evidence
 suggest that trading costs for Nasdaq issues have declined significantly since the public dissemination of the Christie-Schultz findings, and particularly since the implementation of the new SEC rules.  Given the results of pre-reform studies (see, e.g., Huang and Stoll, 1996 and Bessembinder and Kaufman, 1997a) that trading costs on Nasdaq are significantly greater than those on the NYSE, it would be of great interest to both regulatory authorities and the general public to find out whether investors incur larger trading costs on Nasdaq than on the NYSE after the implementation of the new SEC rules and the new tick size.


We compare trading costs and depths between Nasdaq-listed and NYSE-listed stocks using data on 482 matched pairs of Nasdaq and NYSE stocks during the three-month period from February 1, 1998 to April 30, 1998.
  Bessembinder (1999) also performs a post-reform comparison of execution costs between Nasdaq and NYSE stocks.  Our study differs from his study in two important ways.  First, while Bessembinder focuses only on the difference in spreads between Nasdaq and NYSE stocks, we examine their differences in depths as well as in spreads.  We consider this important because the spread captures only one dimension of liquidity.  As shown in Lee, Murklow, and Ready (1993), Harris (1994), Kavajecz (1996, 1999), and Goldstein and Kavajecz (2000), it is important that we consider both the price and quantity dimensions of dealer quotes to accurately measure liquidity.  Second, while Bessembinder matches Nasdaq stocks with NYSE stocks on the basis of market capitalizations, our match is based on four stock attributes that are known to be highly correlated with spreads and depths.  Specifically, we match each stock in our Nasdaq sample with a comparable NYSE stock on the basis of share price, number of trades, trade size, and return volatility.  This enables us to accurately measure differences in spreads (depths) between NYSE and Nasdaq stocks after controlling for their attributes.


Our empirical results show that Nasdaq market makers post wider spreads than NYSE specialists, despite the fact that Nasdaq spreads have declined significantly during the last several years.  We also find that Nasdaq market makers post significantly smaller depths than NYSE specialists.  Our findings suggest that at least a part of the difference in spreads between Nasdaq and NYSE stocks can be attributed to the difference in quote clustering.  Specifically, we find that about 63% of the difference between Nasdaq and NYSE quoted spreads is due to the differential use of even quotes between the two markets.  Our results also show that the proportion of even-sixteenth quotes is significantly higher than the proportion of odd-sixteenths on both the NYSE and Nasdaq after the market reforms.


The paper is organized as follows.  Section 2 describes our data and stock matching procedure.  Section 3 explains our measures of trading costs and presents preliminary results on differential trading costs between Nasdaq and NYSE stocks.  Section 4 presents a detailed analysis of the differential trading costs and depths.  Section 5 examines the effect of quote clustering on trading costs.  Section 6 analyzes the determinants of quote clustering, and Section 7 concludes.

2.
Data source and sample selection

We obtain data for this study from the NYSE's Trade and Quote (TAQ) database.  Additionally, Nasdaq provided dealer quote data for depth computation.  We begin our sample selection by identifying Nasdaq stocks for which the new SEC rules were in effect as of June 30, 1997. This initial sample comprises 650 stocks that are included in the first 13 batches of Nasdaq stocks phased-in under the new SEC rules.
  Of these 650 stocks, we find only 624 stocks on the list of stocks under the new rules posted on the NASD website.
  Of these 624 stocks on the list, we are able to obtain data on 551 stocks from the TAQ database for our study period from February 1, 1998 to April 30, 1998.  Because our study period starts at February 1, 1998, our choice of June 30 as the cutoff point ensures at least a seven-month assimilation period for the new rules.


Before we match our Nasdaq stocks with their counterparts on the NYSE, we precondition our data to minimize data errors.  We omit trades and quotes if the TAQ database indicates that they are out of time sequence, involve an error, or involve a correction.  We omit quotes if either the ask or bid price is equal to or less than zero.  Similarly, we omit quotes if either the bid or ask depth is equal to or less than zero.  We omit trades if the price or volume is equal to or less than zero.  In addition, as in Huang and Stoll (1996), we omit the following to further minimize data errors:

1.
quotes when the spread is greater than $4 or less than zero;

2.
before-the-open and after-the-close trades and quotes;

3.
trade price, pt, when ((pt - pt-1)/pt-1( > 0.10;

4.
ask quote, at, when ((at - at-1)/at-1( > 0.10;

5.
bid quote, bt, when ((bt - bt-1)/bt-1( > 0.10.


We match each stock in the Nasdaq sample with its NYSE counterpart on the basis of four stock attributes─share price, number of trades, trade size, and return volatility─that are believed to determine the inter-stock difference in spreads and depths.
  Our matching procedure differs from those used by Huang and Stoll (1996), Bessembinder and Kaufman (1997a, 1997b), and Bessembinder (1999).  Huang and Stoll (1996) match stocks based on the two-digit industry code and firm characteristics identified by Fama and French (1992) as correlated with expected stock returns (i.e., share price, leverage, market value of equity, and the ratio of book to market value of equity).  Bessembinder and Kaufman (1997a, 1997b) and Bessembinder (1999) match stocks using only market capitalizations.  In contrast, we match Nasdaq and NYSE stocks on the basis of stock attributes that are strongly associated with spreads and depths.  The main goal of the present study is to obtain a matching sample of Nasdaq and NYSE stocks that are similar in these attributes and to test for a difference in spreads and depths.  To the extent that our matched samples of Nasdaq and NYSE stocks have similar attributes, the difference (if any) in spreads and depths between the two groups must be due to reasons other than the attributes.


We measure share price by the mean value of the midpoints of quoted bid and ask prices and return volatility by the standard deviation of daily returns calculated from the daily closing midpoints of bid and ask prices.  We recognize that the reported number of trades on Nasdaq is not directly comparable to that on the NYSE because there are many inter-dealer trades on Nasdaq.
  Because inter-dealer trades exaggerate the reported volume, Nasdaq volume tends to be larger than the NYSE volume.  We measure the number of trades and trade size for NYSE-listed stocks using transactions on both the NYSE and other markets (i.e., regional and over-the-counter markets) to counterbalance the effect of inter-dealer trades on the reported volume of Nasdaq-listed stocks.  Note that trades and quotes for Nasdaq-listed stocks originate mostly from the Nasdaq market whereas many trades and quotes for NYSE-listed stocks reflect activity at a regional stock exchange or the NASD over-the-counter market.  Bessembinder (1999) reports that approximately one-third of the trades for NYSE-listed stocks are executed off the NYSE.  Because the recommended adjustment factor for Nasdaq volume that will neutralize the effect of inter-dealer trades is about 30 to 50% (see, e.g., Atkins and Dyl, 1997), our volume counting scheme appears reasonable.  We measure trade size by the average dollar transaction during the study period. 


To obtain a matched sample of Nasdaq and NYSE stocks, we first calculate the following composite match score (CMS) for each Nasdaq stock in our sample against each of the 2,912 NYSE stocks in the TAQ database:

(1)
CMS = ([(YkN - YkY)/{(YkN + YkY)/2}]2,

where Yk represents one of the four stock attributes, the superscripts, N and Y, refer to Nasdaq and NYSE, respectively, and ( denotes the summation over k = 1 to 4.  Then, for each Nasdaq stock, we pick the NYSE stock with the smallest score.  This procedure results in 551 pairs of Nasdaq and NYSE stocks.  A close inspection of the stock attributes of our matched sample shows that differences in one or more stock attributes between Nasdaq and NYSE stocks become considerable when the composite match score exceeds three.  Hence, to ensure the quality of our matched sample, we include only those pairs (482 pairs) with a composite match score of less than three in our study sample.


We report summary statistics of our matched sample in Table 1.  The average price of our Nasdaq sample is $29.92 and the corresponding figure for our NYSE sample is $30.02.  The average number of transactions and trade size for the Nasdaq sample are 20,643 and $41,707, respectively, and the corresponding figures for the NYSE sample are 19,066 and $44,982.  The mean values of the standard deviation of daily returns for our Nasdaq and NYSE stocks are 0.0319 and 0.0284, respectively.  Overall, our matched sample of Nasdaq and NYSE stocks are similar in price, number of trades, trade size, and return volatility.

3.
Measures of trading costs and depths
 
We use three measures of trading costs in this study: quoted spread, effective spread, and realized spread.
  The quoted spread is calculated as

(2)
Quoted spreadit = (Ait - Bit)/Mit,

where Ait is the posted ask price for stock i at time t, Bit is the posted bid price for stock i at time t, and Mit is the mean of Ait and Bit.    


To more accurately measure trading costs when trades occur at prices inside the posted bid and ask quotes, we calculate the effective spread using the following formula:

(3)
Effective spreadit = 2Dit(Pit - Mit)/Mit,

where Pit is the transaction price for security i at time t, Mit is the midpoint of the most recently posted bid and ask quotes for security i, and Dit is a binary variable which equals one for customer buy orders and negative one for customer sell orders.
  The effective spread measures the actual execution cost paid by the trader.


We calculate the realized spread using the following formula:

(4)
Realized spreadit = 2Dit(Pit - Pit+30)/Mit,

where Pit+30 denotes the first transaction price observed at least 30 minutes after the trade for which the realized spread is measured and the other variables are the same as defined above.  The realized spread measures the average price reversal after a trade (or market-making revenue net of losses to better informed traders).  For each stock, we calculate the time-weighted average quoted, effective, and realized spreads using all the time-series observations during the three-month study period.


For each NYSE stock, we calculate the time-weighted average depth during the study period using data from the TAQ. The Nasdaq quotes in the TAQ database contain only the Best Bid and Offer (BBO) for Nasdaq NMS issues. For stocks with more than one market maker, the TAQ database reports only the depth of the market maker who quotes the largest size at the BBO. For this reason, the size field for Nasdaq quotes in the TAQ database is not representative of the market depth.  To correctly measure the aggregate depth for each Nasdaq stock, we acquire the market maker quote data from Nasdaq, which include the spread and depth quotes of each and every market maker. To obtain the aggregate depth, we first sum the depth at each BBO across market makers. We then calculate the time-weighted average of this aggregate depth for each Nasdaq stock during the three-month period.


We regress the spread against the four stock attributes to assess whether these attributes are important determinants of the cross-sectional variation in the spread for our sample of stocks.  We use the reciprocal of share price, number of trades, and trade size in the regressions because a close inspection of plots between spreads and these variables suggests such a functional form (see Fig. 1).
  We present the regression results in Table 2.  The results show that both Nasdaq and NYSE spreads are strongly related to the four stock attributes in the predicted manner.  All three measures of trading costs (i.e., the quoted, effective, and realized spreads) are negatively related to share price, number of trades, trade size, and positively to return volatility.  These variables explain about 91 to 96% of the cross-sectional variation in NYSE spreads and about 57 to 68% of the variation in Nasdaq spreads.  When we perform similar regression analyses with the depth, we find that the depth is also significantly related to these stock attributes.


We also run regressions using the differences in the variables (i.e., spreads and four stock attributes) between our Nasdaq and NYSE stocks.  The results of these regressions show whether there exists any difference in spreads between our Nasdaq and NYSE stocks, after controlling for their differences in share price, number of trades, trade size, and risk.  The regression results, reported in Table 2, indicate that there is a significant difference in quoted spreads between our NYSE and Nasdaq stocks.  The highly significant and positive intercept suggests that the average quoted spread of Nasdaq stocks is larger than the average quoted spread of NYSE stocks. Similarly, we find that both the effective and realized spreads are larger for our Nasdaq stocks.  When we replicate our analysis with the quoted depth, we find that the intercept is highly significant and negative, indicating that the average quoted depth of Nasdaq stocks is smaller than the average quoted depth of NYSE stocks.
  The differential spread (depth) cannot be attributed to differences in stock attributes because we control for these differences in our regression. In the next section, we present a detailed analysis of differential execution costs and depths between the two markets.

4.
Comparison of spreads and depths between Nasdaq and NYSE stocks
4.1.
Spreads and depths

In Table 3 we report the average quoted, effective, and realized spreads for our entire sample of Nasdaq-listed stocks and for each quartile based on share price, number of trades, trade size, and return volatility.  We report the average spreads for our NYSE sample in the same format.  The results show that mean differences (0.24%, 0.21%, and 0.29%) in the quoted, effective, and realized spreads between Nasdaq and NYSE stocks (see the last row of Table 3) are almost identical to corresponding regression intercepts (0.25%, 0.22%, and 0.30%) in Table 2.  This result suggests that our matched samples of Nasdaq and NYSE stocks are very similar in price, number of trades, trade size, and return volatility, and the differences in spreads between Nasdaq and NYSE stocks presented in Table 3 are not due to differences in the stock attributes.  Overall, these results indicate that we have a good matched sample of Nasdaq and NYSE stocks. 


The results show that quoted spreads of Nasdaq-listed stocks are wider than those of NYSE-listed stocks across all quartiles of share price, number of trades, trade size, and return volatility. The results of paired comparison t-tests show that the differences are statistically significant in most cases.  The difference in quoted spreads between the two markets is particularly large for stocks with a smaller number of trades.  For the whole sample, the average Nasdaq quoted spread (0.9641%) is about 33% larger than the average NYSE quoted spread (0.7228%).  Similarly, we find that Nasdaq-listed stocks have, on average, wider effective spreads than NYSE-listed stocks.  The average effective spread for Nasdaq stocks (0.7442%) is about 40% larger than the average effective spread for NYSE stocks (0.5335%).  We find that effective spreads are significantly wider for Nasdaq stocks across all quartiles of share price, number of trades, trade size, and return volatility.  The difference in effective spreads between the two markets is particularly large for less-active stocks.


In Table 4 we report the average quoted depth for our entire sample of Nasdaq-listed stocks and for each quartile based on share price, number of trades, trade size, and return volatility.  Similarly, the table shows the average depth for our NYSE sample in the same format. The results show that the quoted depth of Nasdaq-listed stocks is significantly smaller than the quoted depth of NYSE-listed stocks. The average depth of Nasdaq-listed stocks (4,983 shares) is only about 43% of the average depth of NYSE-listed stocks (11,698 shares).  We observe the similar pattern across all quartiles of share price, number of trades, trade size, and return volatility.  The results of paired comparison t-tests show that the differences are all statistically significant.


On the whole, our empirical findings indicate that Nasdaq dealers post larger spreads and smaller depths than their counterparts on the NYSE.  Hence, despite legal actions taken against Nasdaq dealers and a series of subsequent market reforms, including the new order handling rules and the tick-size reduction, the overall level of liquidity on Nasdaq is still significantly lower than the level of liquidity on the NYSE.  Since we obtain these results using a matched sample of NYSE and Nasdaq stocks, it is unlikely that the results are driven by differential characteristics between the two groups of stocks.  Rather, the results are likely driven by institutional differences and/or market structure differences.  We provide our conjecture on these issues later in the paper.

4.2
 Price improvement

The larger difference (40%) in effective spreads between Nasdaq-listed and NYSE-listed stocks, relative to the difference (33%) in quoted spreads, suggests that traders receive better price improvement on the NYSE.  To confirm this, we show (see Table 5) the proportion of trades that occur at prices inside the posted bid and ask quotes for our sample of Nasdaq and NYSE stocks.  The table shows that, on average, 32% of trades occur at prices inside NYSE specialist quotes, while the corresponding figure is only 26% for the Nasdaq sample.


Differential price improvement rates between the NYSE and Nasdaq may largely be attributed to differences in their market structures.  On the NYSE, the specialist can generate price improvement for a market order by agreeing to take the order at a price better than the standing quote.  The standing quote may not be the specialist's quote.  If it is a public limit order, the specialist can trade with the incoming order only by bettering the public limit order.  Floor traders on the NYSE can also provide price improvement for market orders.  Instead of entering a limit order, an investor can hire a floor broker to work the order.  The floor trader can wait by the specialist post and compete with the specialist for incoming orders.  Without revealing his presence to traders off the exchange floor, the floor trader can capture the incoming order flow by bettering the posted quotes.


We find that the likelihood of price improvement is higher for larger trades on both the NYSE and Nasdaq.  For example, only 22% of smallest Nasdaq trades (Q1) receive price improvement, compared to 31% of largest Nasdaq trades (Q4).  Similarly, 27% of smallest NYSE trades receive price improvement, compared to 37% of largest NYSE trades.  The low rate of price improvement for small Nasdaq trades may reflect that these trades are likely to be retail orders that are subject to order preferencing agreements or that are entered into Nasdaq's Small Order Execution System (SOES).  The high rate of price improvement for large trades may indicate that these trades are likely to be institutional orders for which prices inside the quote can be negotiated.


Our empirical results also show that stocks with fewer trades have higher price improvement rates on both Nasdaq and the NYSE.  For example, for our Nasdaq sample, the average price improvement rate for the lowest volume (i.e., smallest number of trades) quartile is 32%, while the corresponding figure is only 19% for the largest volume quartile.  Similarly, the average price improvement rate for the lowest volume quartile in the NYSE sample is 36%, while the corresponding figure for the largest volume quartile is only 29%.  The low rate of price improvement for high-volume stocks may be due to the fact that quoted spreads for high-volume stocks are more likely to reflect the trading interest of limit order traders than the interest of specialists (see Chung, Van Ness, and Van Ness, 1999).  Hence, the reservation price of the specialist is likely to be higher than the quoted ask price and lower than the quoted bid price.  As a result, there is little incentive for the specialist to offer price improvement.  The low rate of price improvement for high-volume stocks may also partially reflect the fact that quoted spreads for high-volume stocks are much narrower than low-volume stocks, leaving less room for improvement.


We find that the likelihood of price improvement is higher for stocks with higher price and/or lower return volatility on both the NYSE and Nasdaq.  The high rate of price improvement for low volatility stocks may reflect that NYSE specialists and Nasdaq dealers perceive these stocks as having less adverse selection problems and thus are more willing to offer price improvement.  Similarly, NYSE specialists and Nasdaq dealers may perceive low-price stocks as having significant adverse selection problems.  Typically, low-price stocks are stocks of small, emerging companies, while high-price stocks are stocks of large, mature companies.  These observations may partially explain the low rate of price improvement for low-price stocks.

4.3
 Price impact

The effective spread can be decomposed into two parts: price impact and the realized spread.  Price impact measures the average information content of trades or the market maker's losses to better informed traders.  Realized spreads measure price reversals after trades or, alternatively, market making revenue net of losses to better informed traders.  Table 3 shows that Nasdaq stocks have, on average, wider realized spreads than NYSE stocks.  The average realized spread on Nasdaq (0.7193%) is about 69% larger than the average realized spread on the NYSE (0.4253%).  We find that realized spreads are significantly wider for Nasdaq stocks across all quartiles of share price, number of trades, trade size, and return volatility.  The difference in realized spreads between the two markets is particularly large for stocks with a small number of trades.


Table 6 reports measures of price impact on each market.  We find that the average price impact (0.1082%) for NYSE-listed stocks is significantly greater than the corresponding figure (0.0248%) for Nasdaq-listed stocks.  We find similar results across all quartiles of share price, number of trades, trade size, and return volatility.
  Within each market, we find that price impact decreases with share price, number of trades, and trade size.  We find that price impact increases with return volatility on both the NYSE and Nasdaq.

5.
Quote clustering and its impact on spreads
5.1.
Quote clustering 


Christie and Schultz (1994) and Barclay (1997) show that the frequency of even-eighth quotes on Nasdaq is much higher than the corresponding figure on the NYSE.  Based on this evidence, they suggest that there exists implicit collusion among Nasdaq dealers.  Christie, Harris, and Schultz (1994), Bessembinder (1997) and Christie and Schultz (1999) provide additional evidence consistent with collusive behavior.  Others argue that the higher frequency of even-eighth quotes does not necessarily imply covert collusion among market makers.  For example, Grossman et al. (1997) suggest that the less-frequent use of odd-eighth quotes among Nasdaq dealers may be attributed to the natural clustering of price in competitive financial markets.
  They suggest that market participants use a coarser price grid as protection against informed traders, as compensation for increased inventory risk, and to minimize the cost of negotiation.  In a similar vein, Furbush (1995), Kleidon and Willig (1995), Laux (1995), Godek (1996), and Huang and Stoll (1996) suggest that collusion is implausible in a market with many competitors and easy entry. 


In this study, we compare the extent of quote clustering between Nasdaq-listed and NYSE-listed stocks using data after the implementation of the new SEC order handling rules and the new minimum tick size.  The new SEC rules require that limit order quotes be displayed in the Nasdaq BBO when they improve market maker quotes and allow the public access to superior quotes in ECNs.  These rule changes, together with the reduction in tick size from $1/8 to $1/16 on both the NYSE and Nasdaq, offer an excellent opportunity to re-evaluate the quotation behavior of liquidity providers and thereby shed light on the collusion hypothesis.


We report in Table 7 (see also Fig. 2) the proportion of Nasdaq quotes in each quote increment.  The results show that the proportion of even-sixteenth quotes is significantly larger than that of odd-sixteenth quotes and about 72% of Nasdaq quotes are in even-sixteenths (see Panel B).  We find that the proportion of even-eighth quotes among those quotes in eighths is only 55%, which is significantly smaller than the corresponding figure (84%) reported in Huang and Stoll (1996).  Our results also show that the proportion of even-fourths among those quotes in quarters, and the proportion of whole numbers among those quotes in halves are slightly larger than 53%.


We find similar results for our NYSE stocks, although the degree of quote clustering is lower than that of our Nasdaq stocks.  The proportion of even-sixteenth quotes is significantly larger than that of odd-sixteenth quotes and about 60% of NYSE quotes are in even-sixteenths (see also Fig. 2).  We find, however, that the use of even quotes at larger grids is not as frequent as in the case of sixteenths.  The proportion of even-eighth quotes among those quotes in eighths is about 53%.  We find similar results in the use of even-fourths and whole numbers.


Overall, our results show that liquidity providers on Nasdaq (i.e., market makers and limit order traders) tend to quote more in even-sixteenths, even-eighths, even-fourths, and whole numbers than their odd-counterparts, and the tendency is particularly strong in the case of sixteenth quotes.  Our results suggest that the avoidance of odd-eighth quotes by market makers reported in previous studies has largely been replaced by the avoidance of odd-sixteenths after the reduction in the minimum tick size.  Our results also show that NYSE specialists quote significantly more in even-sixteenths than odd-sixteenths, although their use of even-eighths was only marginally higher when the minimum tick size was one-eighth (see Huang and Stoll, 1996).


One might argue that the prevalence of even-sixteenths over odd-sixteenths on both Nasdaq and the NYSE is due to deliberate attempts by market makers/specialists to widen their spreads.  As shown by Chung, Van Ness, and Van Ness (1999), the majority of NYSE quotes reflect the interests of limit order traders.  Similarly, a significant portion of Nasdaq quotes may now reflect the interest of limit order traders.  Consequently, attributing more frequent even-sixteenth quotes on the NYSE and Nasdaq to specialist/dealer behavior may be fallacious.  As suggested by numerous researchers,
 the observed quote clustering on Nasdaq and the NYSE may be driven by reasons other than collusion.  In the next section, we present an alternative explanation for quote clustering.

5.2.
A behavioral explanation of quote clustering

Several recent studies find a significant increase in the frequency of odd-eighth quotes on Nasdaq after the public disclosure of Christie and Schultz's (1994) findings.
  Some researchers (e.g., Christie, Harris, and Schultz, 1994) have interpreted the finding to imply that market makers stopped colluding due to pressures from the negative publicity and investigations by the DOJ and the SEC.  Alternatively, it may reflect the attempts of non-collusive market makers to avoid being charged with collusion on the basis of mistaken interpretations of data.  Indeed, Sherwood Securities, while settling the litigation by agreeing to pay a total of $9.2 million, maintained that it had not engaged in any improper conduct.


If one interprets the decrease in the use of even-eighth quotes as the manifestation of reduced dealer collusion, the prevalence (nearly 80%) of even-sixteenth quotes after the introduction of the new minimum tick size is puzzling.  One may argue that market makers renewed their collusion by avoiding odd-sixteenths and thereby maintain bid-ask spreads at supra-competitive levels.  This scenario does not appear to be plausible, given the negative publicity of Nasdaq collusion in the recent past.  In addition, considering the size of the penalty associated with class-action lawsuits, the benefits of collusion appear to be smaller than the costs.
  These considerations suggest that the prevalence of even-sixteenth quotes (or the lack of odd-sixteenth quotes) might be driven by reasons other than collusion.


Harris (1991) offers an alternative explanation for quote clustering that is based on certain human behavior.  He suggests that price clustering occurs because traders use a discrete set of prices to specify the terms of their trades.  Harris maintains that traders use discrete price sets to lower the costs of negotiation.
  Following Harris (1991) and Grossman et al. (1997), we assume that traders and market makers have their own preferred price grids (i.e., whole numbers, halves, quarters, eighths, or sixteenths), and within each grid, they prefer even quotes to odd quotes.
  Preferred price grids may be determined by the level of investor sophistication, the precision of information, habits, or conventions.  For example, casual empiricism suggests that many traders use quarters or halves as their primary price grids and rarely use smaller grids when they submit limit orders.  Hence, we can portray the preference structure of a representative liquidity provider with the following postulates:

(5a)
Q0 ( Q8;

(5b)
(Q0, Q8) ( (Q4, Q12);

(5c)
(Q0, Q4, Q8, Q12) ( (Q2, Q6, Q10, Q14); and

(5d)
(Q0, Q2, Q4, Q6, Q8, Q10, Q12, Q14) ( (Q1, Q3, Q5, Q7, Q9, Q11, Q13, Q15);

where Qj denotes quotes in j/16 and (Qj, Qk) ( (Qm, Qn) indicates that quotes Qj and Qk are preferred to quotes Qm and Qn.  Note, for example, that the expression (5c) represents the postulate that liquidity providers prefer even-eighths to odd-eighths and, similarly, the expression (5b) represents the postulate that liquidity providers prefer even-quarters to odd-quarters.


We can predict the relative frequencies of different sixteenths based on these postulates.  First, from (5a), we predict that P0 > P8, where Pj denotes the proportion of quotes in j/16.  Next, from (5b), we predict that P8 > (P4, P12), where Pj > (Pm, Pn) indicates that the proportion of Qj is larger than the proportion of Qm or Qn.  From (5c), we expect that (P4, P12) > (P2, P6, P10, P14).  Finally, from (5d), we obtain (P2, P6, P10, P14) > (P1, P3, P5, P7, P9, P11, P13, P15).  By combining these relations, we have P0 > P8 > (P4, P12) > (P2, P6, P10, P14) > (P1, P3, P5, P7, P9, P11, P13, P15).  Thus, our model predicts that whole numbers are more frequent than halves, halves are more frequent than odd-quarters, odd-quarters are more frequent than odd-eighths, and odd-eighths are more frequent than odd-sixteenths.


The relative fractions of different sixteenths predicted by our behavioral model are exactly identical to the empirical distribution of Nasdaq quotes reported in Table 7: For the combined quotes of bid and ask, we find that integers (P0 = 0.1151) are more ubiquitous than halves (P8 = 0.0976); halves are more frequent than odd-quarters (P4 = 0.0913 and P12 = 0.0934), odd-quarters are more common than odd-eighths (P2 = 0.0818, P6 = 0.0781, P10 = 0.0768, and P14 = 0.0835), and odd-eighths are more common than odd-sixteenths (P1 = 0.0396, P3 = 0.0333, P5 = 0.0325, P7 = 0.0345, P9 = 0.0338, P11 = 0.0343, P13 = 0.0340, and P15 = 0.0406).
  Our results indicate that there are distinct clusters of quotes on Nasdaq.  We find a cluster of odd-sixteenth quotes (i.e., eight observations on the lower left corner of Fig. 3), a cluster of four odd-eighth quotes, a cluster of odd-quarter quotes, the halve quote, and the integer quote on the upper right corner.  We observe similar results in the distribution of NYSE quotes.


Although the simple behavioral model of quote clustering offers an excellent prediction on the relative frequency of different quotes, the proposed model has limitations.  First, it is an ad hoc model and thus it lacks sound economic rationale.  It is not clear why traders prefer even numbers.  Second, it cannot explain why Nasdaq exhibits a higher degree of quote clustering than the NYSE.
  Third, it fails to provide predictions on the exact proportion of each quote.  Nonetheless, the above result shows that quote clustering can be driven by certain human behavior, not necessarily by dealer collusion.

5.3.
Impact of quote clustering on spreads 


Previous studies show that stocks with a higher proportion of even quotes exhibit wider spreads.
 In this section, we examine whether the same pattern exists after the 1997 SEC rule changes. Specifically, we analyze how the quoted, effective, and realized spreads are related to the extent of quote clustering and other determinants of spreads.  We measure the extent of quote clustering (QC) by the weighted sum of four measures of clustering:

(6)
QC = (1/16)D16 + (1/8)D8 + (1/4)D4 + (1/2)D2,

where
D16 = the difference in the proportions of even- and odd-sixteenths (i.e., D16 = P0 + P2 + P4


+ P6 + P8 + P10 + P12 + P14 - P1 - P3 - P5 - P7 - P9 - P11 - P13 - P15),

D8 = the difference in the proportions of even- and odd-eighths (i.e., D8 = P0 + P4 + P8 + P12   - P2 



- P6 - P10 - P14),

D4 = the difference in the proportions of even- and odd-quarters (i.e., D4 = P0 + P8 - P4 - P12), and

D2 = the difference in the proportions of even- and odd-halves (i.e., D2 = P0 - P8).


The first column of Table 8 shows the results when we regress the quoted spread of Nasdaq stocks against the four stock attributes and the extent of quote clustering.  The second column shows the results of the same regression for NYSE stocks.  Our explanatory variables jointly account for about 65% of the variation in spreads for our sample of Nasdaq stocks and nearly 91% of the variation in spreads for our NYSE sample.  The results show that the quoted spread is significantly and positively related to the extent of quote clustering on both the NYSE and Nasdaq.  The positive relation between quoted spreads and the degree of quote clustering is consistent with the findings of previous studies.


To examine whether the differential extent of clustering between Nasdaq and NYSE quotes can explain the difference between NYSE and Nasdaq spreads, we estimate the following regression model using data for our paired sample of 482 Nasdaq and NYSE stocks:

(7)
SpreadN - SpreadY = (0 + ((i(XiN - XiY) + (5(QCN - QCY) + (;

where Xi (i = 1 to 4) represents one of the four stock attributes, N and Y refer to Nasdaq and NYSE, respectively, ( denotes the summation over i = 1 to 4, QC represents the extent of quote clustering, and ( is an error term.  We expect (5 to be positive and significant if the differential degree of clustering between Nasdaq and NYSE quotes can explain the difference between Nasdaq and NYSE spreads.

  
We report the regression results in the third column of Table 8.  The results show that the differential spread is significantly and positively related to the difference in quote clustering between Nasdaq and NYSE stocks after controlling for the cost-based spread determinants (i.e., share price, number of trades, trade size, and return volatility).
  Note that the estimated intercept (0.0010) when the clustering variable is included in the regression is significantly smaller than the corresponding figure (0.0025) when the clustering variable is not included in the regression (see Table 2).  This result suggests that the difference in quoted spreads between Nasdaq and NYSE stocks can be attributed, at least in part, to the difference in quote clustering.


The significant and positive intercept indicates that the differential use of even quotes accounts for only a part of the difference between Nasdaq and NYSE spreads.  At least a portion of the difference between Nasdaq and NYSE spreads is due to factors other than quote clustering and the four stock attributes.  To assess the relative importance of the differential quote clustering in explaining the differential spread between the two samples, we calculate measures of quote clustering for our Nasdaq and NYSE samples.  We find that mean values of QCN and QCY are 0.0568 and 0.0310, respectively.  Since the estimate of (5 is 0.0574, the difference between NYSE spreads and Nasdaq spreads that is attributable to differential quote clustering is approximately 0.0015 [0.0574 x (0.0568 - 0.0310)].  The average quoted spread of our Nasdaq sample is 0.0024 greater than the corresponding figure for our NYSE sample.  Hence, we infer that 63% (0.0015/0.0024) of the difference between Nasdaq and NYSE spreads is due to the differential use of even quotes between the two markets.  The remaining 37% is due to other factors.


Also, we report the regression results for the effective and realized spread in Table 8.  We find that both the effective and realized spreads are significantly and positively related to quote clustering.  We also find that differences in both effective and realized spreads between Nasdaq and NYSE stocks are significantly and positively related to the difference in quote clustering between the two samples.  The positive intercepts in both regressions indicate that both the effective and realized spreads are narrower on the NYSE after controlling for the cost-based determinants of spreads and differential quote clustering.  To assess the portion of the differential effective spread that can be attributed to the differential quote clustering, note that QCN = 0.0568, QCY = 0.0310, and (5 = 0.0381.  Hence, the difference between NYSE effective spreads and Nasdaq effective spreads that can be accounted for by differential quote clustering is 0.001 [0.0381 x (0.0568 - 0.0310)].  Finally, because the difference in the effective spread between the two samples is 0.0021, we conclude that 48% (0.001/0.0021) of the difference between Nasdaq and NYSE spreads is due to the differential use of even quotes between the two markets.  The remaining 52% is due to other factors.


Our findings suggest that Nasdaq stocks have, on average, wider spreads than comparable stocks on the NYSE, even after controlling for their differences in stock attributes and quote clustering.  The wider spread on Nasdaq may indicate that limit order traders on Nasdaq play less significant roles in establishing spread quotes compared to limit order traders on the NYSE.  In addition, as pointed out by Huang and Stoll (1996) and others, there may be several structural factors that deter price improvement on Nasdaq. Internalization is one likely source of the lower price improvement rate on Nasdaq.  Investors who place retail orders with a firm that has both brokerage and dealer operations will likely have their orders executed within that firm.  Dealers must honor the best displayed quote (i.e., BBO) at the time the order is executed, independent of their own posted quotes.  However, the order is "captured" in the sense that it will be executed within the firm.  To the extent that dealers at this broker-dealer firm do not have to compete for the order flow using their own quotes, there is little incentive for them to offer price improvement.


On Nasdaq, competition is also limited by the practice of preferencing customer order flow.  Preferencing is a reciprocal arrangement between dealers and retail firms that are not dealers.  Under a preferencing arrangement, retail firms direct their customer orders to a particular dealer in return for various services or cash payments (i.e., payment for order flow).  If a large fraction of the retail order flow is preferenced, there is little incentive for a dealer to offer price improvement.  In many cases, a dealer that offers price improvement does not increase his share of the order flow because the order flow is already preferenced.

6.
Determinants of quote clustering 

In this section, we examine how quote clustering varies with security characteristics.  Our empirical model is based on the price resolution hypothesis advanced by Ball, Torous, and Tschoegl (1985) in their study of gold price clustering.  These authors maintain that traders use discrete price sets to lower the costs of negotiation.
  Negotiation costs will be low if traders use a coarse price set.  If the price set is too coarse (i.e., the set does not include a price that is acceptable to both parties), however, lost gains from trade will be large.  Ball, Torous, and Tschoegl suggest that the extent of clustering depends on the tradeoff between negotiation costs and lost gains from trade.  They suggest that lost gains from trade are likely to be large if little dispersion exists among traders' reservation prices, such as when the underlying security values are well known.  Based on these observations, the authors predict that traders will use a fine set of prices when the underlying security values are well known.

  
Following Harris (1991), we proxy the reservation-price dispersion with both return volatility and the number of trades.  We expect stocks with a higher return volatility to have a larger reservation-price dispersion because information is not uniformly distributed and interpreted when events cause values to change widely.  In contrast, we expect stocks with more frequent trading to have a smaller reservation- price dispersion because trading tends to reveal stock values by aggregating the information possessed by different traders.  We conjecture that stocks with larger trade sizes have smaller reservation-price dispersions because large trades may indicate traders' confidence on the value of underlying securities.  We predict that high-price stocks exhibit larger price variations (and hence more clustering) than low-price stocks because traders are likely to use discrete price sets on the basis of minimum price variations that are constant fractions of price. 


We report the regression results in Table 9.  The four explanatory variables account for nearly 40% of the cross-sectional variation in quote clustering for our Nasdaq sample.  As predicted, we find that the extent of quote clustering is positively associated with share price, and negatively with the number of trades.  We find, however, that the effects of trade size and return volatility on quote clustering are not significant.  We find similar results for the NYSE sample, although the model explains only a small portion (about 10%) of the cross-sectional variation in quote clustering.


To examine whether differences in the extent of clustering between Nasdaq and NYSE quotes are due to differences in the attributes between Nasdaq and NYSE stocks, we run the following regression:

(8)
QCN - QCY = (0 + ((i(XiN - XiY) + (;

where QC represents the extent of quote clustering, Xi (i = 1 to 4) represents one of the four stock attributes, N and Y refer to Nasdaq and NYSE, respectively, ( denotes the summation over i = 1 to 4, and ( is an error term.  The results (see Table 9) show that the above regression model explains only a very small fraction (i.e., less than 3%) of the cross-sectional variation in the differential quote clustering.  Also, the estimated intercept is positive and highly significant.  Therefore, our findings suggest that the differential quote clustering between Nasdaq and NYSE stocks is largely due to factors other than the four stock attributes.  This result rules out the possibility that the positive relation between the differential spread and differential quote clustering between Nasdaq and NYSE stocks discussed in Section 5.3 is a spurious correlation emerging from their respective correlations with the four stock attributes.

7.
Summary and conclusion

Numerous studies suggest that execution costs on Nasdaq are significantly greater than those on the NYSE.  Some researchers maintain that Nasdaq dealers implicitly collude to set larger spreads than their counterparts on the NYSE.  Both academic research and anecdotal evidence suggest that execution costs for Nasdaq issues have declined significantly since the phased implementation of the new SEC order handling rules.  In this study, we perform a post Nasdaq market reform comparison of Nasdaq and NYSE trading costs and depths.


Our empirical results show that the quoted spreads of Nasdaq stocks are wider than those of comparable NYSE stocks.  While the negative publicity and legal action against Nasdaq market makers and subsequent SEC rule changes have exerted a significant impact on Nasdaq quotes, Nasdaq market makers still quote wider spreads than NYSE specialists.  Our empirical results also show that the average quoted depth for Nasdaq stocks is significantly smaller than the corresponding figure for NYSE stocks.  In addition, we find that Nasdaq stocks have wider effective and realized spreads than NYSE stocks.  We find that there is a significant difference in quote clustering between Nasdaq-listed and NYSE-listed stocks and the difference accounts for at least a part of the disparity between Nasdaq spreads and NYSE spreads.
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	Table 1

Descriptive statistics for 482 matched pairs of Nasdaq-listed and NYSE-listed stocks

To obtain a matched sample of Nasdaq and NYSE stocks, we first calculate the following composite match score (CMS) for each Nasdaq stock in our sample against each of 2,912 NYSE stocks in the TAQ database: CMS = ([(YkN - YkY)/{(YkN + YkY)/2}]2, where Yk represents one of the four stock attributes, superscripts, N and Y, refer to Nasdaq and NYSE, respectively, and ( denotes the summation over k = 1 to 4.  For each Nasdaq stock, we pick the NYSE stock with the smallest score.  We include in the study sample only those pairs (482 pairs) with a composite match score of less than three.  We measure share price by the mean value of the midpoints of quoted bid and ask prices, and trade size by the average dollar transaction during the study period.  The number of trades is the total number of transactions during the study period.  We measure return volatility by the standard deviation of daily returns calculated from the daily closing midpoints of bid and ask prices.

	Variable
	Exchange
	Mean
	Standard

Deviation
	Percentile



	
	
	
	
	Min 
	25
	50
	75
	Max

	Share Price

($)

Number of Trades

Trade Size

($)

Return Volatility
	Nasdaq

NYSE

Nasdaq

NYSE

Nasdaq

NYSE

Nasdaq

NYSE
	29.92

30.02

20643

19066

41707

44982

0.0319

0.0284
	18.43

18.20

31328

31539

27045

26962

0.0144

0.0117
	2.03

1.77

437

359

3902

3945

0.0008

0.0014
	15.24

15.53

5395

4668

20941

23386

0.0226

0.0204
	26.87

28.05

10326

8875

37632

41828

0.0292

0.0263
	41.42

40.71

20918

18905

56922

62130

0.0383

0.0339
	129.85

101.31

267142

336715

207165

130616

0.0913

0.0841


	Table 2

The quality of the sample match

To assess the quality of our matched sample, we use two regression models.  First, we regress measures of execution costs against the four stock attributes using our sample of Nasdaq stocks and the matched sample of NYSE stocks.  We use three measures of execution costs: the quoted spread, effective spread, and realized spread. The quoted spread is calculated as (Ait - Bit)/Mit, where Ait is the posted ask price for stock i at time t, Bit is the posted bid price for stock i at time t, and Mit is the mean of Ait and Bit.  The effective spread measures the execution cost actually paid by the trader.  The realized spread measures price reversals after trades.  For each stock, we calculate the average quoted, effective, and realized spreads using all the time-series observations during the three-month study period and then use these averages in the regressions.  We use the reciprocal of share price, number of trades, and trade size in the regressions.  The results from these regressions help us assess whether the four stock attributes are important determinants of the cross-sectional variation in spreads for our sample of stocks.  Second, we perform regression analysis using differences in the variables (i.e., spreads and four stock attributes) between our Nasdaq and NYSE stocks to determine whether there exists any difference in spreads between our Nasdaq and NYSE stocks, after controlling for their differences in share price, number of trades, trade size, and risk.  We measure share price by the mean value of the midpoints of quoted bid and ask prices, and trade size by the average dollar transaction during the study period.  The number of trades is the total number of transactions during the study period.  We measure return volatility by the standard deviation of daily returns calculated from the daily closing midpoints of bid and ask prices.  Absolute values of White's (1980) t-statistics are reported in parentheses.

	Independent Variable
	Quoted Spread


	Effective Spread
	Realized Spread

	
	Nasdaq
	NYSE
	Nasdaq -  NYSE
	Nasdaq
	NYSE
	Nasdaq - NYSE
	Nasdaq
	NYSE
	Nasdaq - NYSE

	Intercept

1/(Share Price)

1/(Number of Trades)

1/(Trade Size)

Return Volatility

Adjusted R2
F-value
	0.0024

 (5.05**)

0.0325

 (3.85**) 

9.0337

(11.24**)

48.0834

 (3.68**)

0.0629

 (4.54**)

0.5736

162.76**
	-0.0002

-0.93

0.0505

(18.67**)

4.9110

(12.96**)

65.505

(14.20**)

0.0455

 (5.79**)

0.9094

1207.37**
	0.0025

(12.00**)

-0.0001

(1.31)

-0.0001

(1.82)

0.0001

(0.55)

0.0037

(0.14)

0.0024

1.29
	0.0019

 (6.04**)

0.0224

 (4.04**)

5.3361

(10.08**)

54.4785

 (6.32**)

0.0385

 (4.21**)

0.6826

259.62**
	-0.0005

  (3.46**)

0.0442

 (29.10**)

2.8764

 (13.49**)

36.6963

 (13.93**)

0.0508

 (11.49**)

0.9465

 2127.47**
	0.0022

(15.62**)

-0.0001

(1.82)

-0.001

(1.15)

0.0001

(1.18)

0.0038

(0.21)

0.0029

1.35
	0.002

(6.45**)

0.0237

(4.44**)

5.2325

(10.26**)

46.0141

(5.55**)

0.0378

(4.30**)

0.6698

244.95**
	-0.0003

 (3.14**)       0.0447

(38.39**)

1.9038

(11.67**)

28.164

(13.98**)

0.0237

 (7.02**)

0.9605

2928.65**
	0.003

(22.10**)

-0.0001

(1.54)

-0.0001

(1.16)

0.0001

(1.37)

0.0067

(0.38)

0.002

1.24

	*Significant at the 5% level.

**Significant at the 1% level.


	Table 3

Comparison of spreads between Nasdaq stocks and NYSE stocks

This table reports the average Nasdaq and NYSE spreads for our whole sample and for each quartile based on share price, number of trades, trade size, and return volatility.  The quoted spread is calculated as (Ait – Bit)/Mit, where Ait is the posted ask price for stock i at time t, Bit is the posted bid price for stock i at time t, and Mit is the mean of Ait and Bit.  The effective spread measures the percentage execution costs actually paid by the trader.  The realized spread measures price reversals after trades.  The table also reports the results of paired comparison t-tests for Nasdaq spread and NYSE spread.  The tests show whether the mean difference is significantly different from zero.  We measure share price by the mean value of the midpoints of quoted bid and ask prices, and trade size by the average dollar transaction during the study period.  The number of trades is the total number of transactions during the study period.  We measure return volatility by the standard deviation of daily returns calculated from the daily closing midpoints of bid and ask prices.  All numbers are in percentages (i.e., 0.014891 is reported as 1.4891).

	Quartile based on
	
	Quoted Spread
	Effective Spread
	Realized Spread

	
	
	Nasdaq Spread
	NYSE Spread
	Nasdaq – NYSE
	t-stat
	NASDAQ Spread
	NYSE Spread
	Nasdaq - NYSE
	t-stat
	Nasdaq Spread
	NYSE Spread
	Nasdaq - NYSE
	t-stat

	Share Price
	Q1

Q2

Q3

Q4
	1.4891

0.9460

0.7731

0.6453
	1.4115

0.6617

0.4727

0.3418
	0.0776

0.2842

0.3004

0.3035
	1.444

9.854**

13.139**

11.485**
	1.2029

0.7230

0.5757

0.4727
	1.0495

0.4869

0.3407

0.2543
	0.1534

0.2361

0.2350

0.2185
	4.316**

10.597**

15.533**

12.101**
	1.1534

0.7051

0.5609

0.4556
	0.8765

0.3782

0.2610

0.1830
	0.2769

0.3269

0.3000

0.2726
	7.707**

15.676**

19.919**

16.054**

	Number of Trades
	Q1

Q2

Q3

Q4
	1.4884

1.058

0.8194

0.4874
	1.0137

0.7933

0.6847

0.3977
	0.4748

0.2648

0.1347

0.0897
	10.426**

7.963**

3.940**

7.380**
	1.0840

0.8054

0.6632

0.4219
	0.6912

0.5847

0.5189

0.3380
	0.3928

0.2207

0.1443

0.0839
	12.843**

10.880**

7.087**

7.098**
	1.0450

0.7863

0.6404

0.4036
	0.5548

0.4775

0.4154

0.2524
	0.4901

0.3089

0.2249

0.1512
	16.113**

16.081**

11.978**

17.622**

	Trade Size
	Q1

Q2

Q3

Q4
	1.5112

0.9209

0.7326

0.6890
	1.4070

0.6572

0.4329

0.3910
	0.1042

0.2637

0.2997

0.2980
	1.917

9.557**

13.059**

10.643**
	1.2271

0.7123

0.5457

0.4893
	1.0469

0.4825

0.3205

0.2818
	0.1802

0.2298

0.2252

0.2075
	4.955**

11.252**

15.587**

10.500**
	1.1734

0.6912

0.5323

0.4783
	0.8695

0.3840

0.2413

0.2042
	0.3039

0.3072

0.2909

0.2742
	8.340**

15.273**

19.754**

15.801**

	Return Volatility
	Q1

Q2

Q3

Q4
	0.7499

0.9076

0.9834

1.2170
	0.4786

0.6499

0.7328

1.0321
	0.2713

0.2577

0.2507

0.1849
	11.351**

6.903**

8.192**

3.822**
	0.5482

0.6980

0.7683

0.9636
	0.3325

0.4716

0.5381

0.7935
	0.2157

0.2264

0.2302

0.1701
	14.712**

9.097**

9.825**

5.483**
	0.5342

0.6803

0.7412

0.9230
	0.2648

0.3778

0.4213

0.6387
	0.2694

0.3025

0.3200

0.2844
	17.578**

12.223**

13.790**

9.637**

	Whole Sample
	0.9641
	0.7228
	0.2412
	13.345**
	0.7442
	0.5335
	0.2107
	17.407**
	0.7193
	0.4253
	0.2941
	24.805**

	Significant at the 5% level.

**Significant at the 1% level.


	Table 4

Comparision of depths between Nasdaq stocks and NYSE stocks

We calculate the time-weighted average depth using all the time-series observations during the three-month study period.  We report the results of paired comparison t-tests for the equality of depths between Nasdaq and NYSE stocks.  We measure share price by the mean value of the midpoints of quoted bid and ask prices, and trade size by the average dollar transaction during the study period.  The number of trades is the total number of transactions during the study period.  We measure return volatility by the standard deviation of daily returns calculated from the daily closing midpoints of bid and ask prices.

	
	
	Depths

	Quartile

Based on
	       Quartile
	Nasdaq 

Quote
	NYSE Quote
	Nasdaq-NYSE 
	t-stat

	Share Price
	Q1

Q2

Q3

Q4
	8231

4366

3715

3602
	18945

11499

 8380

 7901
	-10714

 -7133

 -4665

 -4299
	 -3.011**

 -8.474**

 -9.340**

 -7.231**

	Number of Trades
	Q1

Q2

Q3

Q4
	6289

3785

4241

5610
	 6552 

 9825

12583

17833
	  -263

 -6040

 -8341

-12223
	 -0.091

 -4.863**

 -5.787**

 -9.939**

	Trade Size
	Q1

Q2

Q3

Q4
	7945

4412

3904

3654
	17430

11737

 9175

 8388
	 -9485

 -7325

 -5271

 -4734
	 -2.678**

 -8.124**

 -9.101**

 -7.743**

	Return Volatility
	Q1

Q2

Q3

Q4
	6757

4049

4467

4647 
	 8263

 9657

12223

16639
	 -1506

 -5608

 -7756

-11993
	 -0.515

 -6.265**

 -8.868**

 -6.285**

	Whole Sample
	
	4983
	11698
	-6707
	 -7.120*

	**Significant at the 1% level


	Table 5

Proportion of trades inside the quote

This table shows the proportion of trades that occur at prices inside the posted bid and ask  quotes. The results are reported for the whole sample and for each quartile based on share price, number of trades, trade size, and return volatility. 



	
	                                   Proportion of trades inside the quote



	Quartile based on
	               Quartile
	Nasdaq 

Trade
	NYSE

 Trade

	Share Price
	Q1

Q2

Q3

Q4
	0.2145

0.2511

0.2889

0.2993
	0.2647

0.3066

0.358

0.3567

	Number of Trades
	Q1

Q2

Q3

Q4
	0.3215

0.2899

0.2496

0.1922
	0.3565

0.3255

0.3141

0.2896

	Trade Size
	Q1

Q2

Q3

Q4
	0.2196

0.2504

0.2759

0.3079
	0.271

0.3123

0.3356

0.3673

	Return Volatility
	Q1

Q2

Q3

Q4
	0.2928

0.2741

0.2499

0.2366
	0.3395

0.3392

0.3135

0.2937

	Whole Sample
	
	0.2634
	0.3215


	Table 6

Price impact of trades on Nasdaq and the NYSE

Price impact measures the average information content of trades or the market maker's losses to better informed traders.  Price impact is calculated by subtracting the realized spread from the effective spread.  We report the results of paired comparison t-tests for the equality of price impact between Nasdaq and NYSE stocks.  We measure share price by the mean value of the midpoints of quoted bid and ask prices, and trade size by the average dollar transaction during the study period.  The number of trades is the total number of transactions during the study period.  We measure return volatility by the standard deviation of daily returns calculated from the daily closing midpoints of bid and ask prices.

	
	
	Price Impact

	Quartile based on
	     Quartile
	NASDAQ

Trade
	NYSE 

Trade
	Nasdaq-NYSE
	t-stat

	Share Price
	Q1

Q2

Q3

Q4
	0.0495

0.0179

0.0147

0.0171
	0.173

0.1087

0.0797

0.0713
	-0.1235

-0.0908

-0.065

-0.0542
	-11.222**

-11.085**

-13.252**

 -8.203**

	Number of Trades
	Q1

Q2

Q3

Q4
	0.039

0.0191

0.0229

0.0183
	0.1364

0.1072

0.1035

0.0856
	-0.0974

-0.0882

-0.0806

-0.0673
	-8.667**

-14.724**

-10.105**

 -9.583**

	Trade Size
	Q1

Q2

Q3

Q4
	0.0537

0.0211

0.0134

0.0109
	0.1774

0.0985

0.0791

0.0776
	-0.1236

-0.0774

-0.0657

-0.0666
	-10.610**

-14.954**

-14.491**

 -7.566**

	Return Volatility
	Q1

Q2

Q3

Q4
	0.014

0.0178

0.027

0.0406
	0.0677

0.0938

0.1168

0.1549
	-0.0536

-0.0761

-0.0898

-0.1143
	-14.070**

 -9.798**

-11.531**

-10.048**

	Whole Sample
	
	0.0248
	0.1082
	-0.0834
	-19.996**

	**Significant at the 1% level.


	Table 7

Distribution of Nasdaq and NYSE quotes by even- and odd-quotes

Panel A reports the percentage of Nasdaq and NYSE quotes in each quote increment.  Panel B reports the proportion of even-quotes within each price grid.     

Panel A.  Proportion of quotes in each quote increment

	
	Nasdaq Quotes
	NYSE Quotes

	Quote
	Bid
	Ask
	Total
	Bid
	Ask
	Total

	0/16

1/16

2/16

3/16

4/16

5/16

6/16

7/16

8/16

9/16

10/16

11/16

12/16

13/16

14/16

15/16
	0.1117

0.0405

0.0797

0.0324

0.0886

0.0342

0.0773

0.0337

0.0957

0.0351

0.0785

0.0347

0.0938

0.0363

0.0865

0.0413
	0.1185

0.0387

0.0839

0.0342

0.094

0.0308

0.0788

0.0352

0.0995

0.0326

0.0751

0.0339

0.093

0.0315

0.0804

0.0399
	0.1151

0.0396

0.0818

0.0333

0.0913

0.0325

0.0781

0.0345

0.0976

0.0338

0.0768

0.0343

0.0934

0.034

0.0835

0.0406
	0.0878

0.0524

0.0686

0.0449

0.0737

0.0487

0.0691

0.045

0.0799

0.052

0.0729

0.0475

0.0785

0.05

0.077

0.052
	0.0908

0.0506

0.069

0.051

0.0726

0.0482

0.0675

0.0519

0.0743

0.0488

0.0686

0.0517

0.0744

0.0491

0.07

0.0616
	0.0893

0.0515

0.0688

0.0479

0.0732

0.0484

0.0683

0.0485

0.0771

0.0504

0.0708

0.0496

0.0765

0.0496

0.0735

0.0568

	Panel B. Proportion of even-quotes within each price grid

	Proportion of

Even-16ths

Among  16ths

Proportion of

Even-8ths

Among  8ths

Proportion of

Even-4ths

Among Quarters

Proportion of

Whole Numbers

Among 

Halves
	0.7118

0.542

0.5292

0.536


	0.7233

0.5543

0.5339

0.5416
	0.7175

0.5484

0.5318

0.5387
	0.6074

0.5242

0.523

0.519
	0.5872

0.5289

0.527

0.5455
	0.5973

0.5267

0.5247

0.5332




	Table 8

The impact of quote clustering on spreads

The first column shows the results when we regress the quoted spread of Nasdaq stocks against the four stock attributes and the extent of quote clustering.  The second column shows the results of the same regression for NYSE stocks.  To examine whether the differential extent of clustering between NASDAQ and NYSE quotes can explain the difference between NYSE and Nasdaq spreads, we estimate the following regression model: SpreadN - SpreadY = (0 + ((i(XiN - XiY) + (5(QCN - QCY) + (; where Xi (i = 1 to 4) represents one of the four stock attributes, N and Y refer to Nasdaq and NYSE, respectively, ( denotes the summation over i = 1 to 4, QC represents the extent of quote clustering, and ( is an error term.  We expect (5 to be positive if the differential degree of clustering between Nasdaq and NYSE quotes can account for the difference between Nasdaq and NYSE spreads.  We repeat the above regression analysis with the effective and realized spreads.  Absolute values of White's (1980) t-statistics are reported in parentheses.

	
	Quoted Spread
	Effective Spread
	Realized Spread

	Independent Variable
	Nasdaq
	NYSE
	Nasdaq - NYSE
	Nasdaq
	NYSE
	Nasdaq - NYSE
	Nasdaq
	NYSE
	Nasdaq – NYSE

	Intercept

1/(Share Price)

1/(Number of Trades)

1/(Trade Size)

Return Volatility

Clustering

Adjusted R2
F-value
	-0.0006

-1.18

0.0484

 (6.17**) 

5.2621

 (6.39**)

48.4500

 (4.07**)

0.0503

 (3.97**)

0.0560

 (9.96**)

0.6464

176.88**
	-0.0007

 (2.71**)

0.0533

(19.81**)

3.9750

 (9.67**)

64.8947

(14.19**)

0.0415

 (5.39**)

0.0200

 (5.17**)

0.9140

1023.30**
	0.0010

 (4.51**)

-0.0001

 (3.05**)

-0.0001

-0.89

0.0001

-0.56

-0.0114

-0.4800

0.0574

(11.37**)

0.2139

 27.17**
	-0.0001

-0.33

0.0329

 (6.39**)

2.8352

 (5.23**)

54.7216

 (6.99**)

0.0301

 (3.61**)

0.0371

(10.04**)

0.7376

271.36**
	-0.0008

 (5.54**)

0.0461

 (30.84**)

2.2533

  (9.85**)

35.6243

 (14.01**)

0.0481

 (11.25**)

0.0133

  (6.19**)

0.9504

 1842.59**
	0.0012

 (7.88**)

-0.0001

 (3.60**)

-0.0001

-0.14

0.0001

-1.27

-0.0063

-0.4

0.0381

(11.25**)

0.2106

 26.67**
	-0.0001

(0.03)

0.0340

 (6.86**)

2.7970

 (5.37**)

46.2509

(6.15**)

0.0297

(3.70**)

0.0362

(10.18**)

0.7283

258.86**
	-0.0006

 (5.85*)

0.0464

(41.43**)

1.3184

 (7.70**)

27.1569

(14.26**)

0.0212

 (6.62**)

0.0125

 (7.76**)

0.9649

2645.62**
	0.0021

(14.09**)

-0.0001

 (3.07**)

-0.0001

(0.25)

0.0001

(1.45)

-0.0023

(0.15)

0.0340

(10.02**)

0.1742

 21.29**

	*Significant at the 5% level.

**Significant at the 1% level.


	Table 9

Determinants of quote clustering on Nasdaq and the NYSE

To examine whether quote clustering is related to stock attributes, we regress our measure of quote clustering against the four stock attributes using our sample of Nasdaq stocks and the matched sample of NYSE stocks.  To examine whether differences in the extent of clustering between Nasdaq and NYSE quotes are due to differences in the attributes between Nasdaq and NYSE stocks, we run the following regression:  QCN - QCY = (0 + ((i(XiN - XiY) + (; where QC represents the extent of quote clustering, Xi (i = 1 to 4) represents one of the four stock attributes, N and Y refer to Nasdaq and NYSE, respectively, ( denotes the summation over i = 1 to 4, and ( is an error term.  Absolute values of White's (1980) t-statistics are reported in parentheses.

	Independent Variables
	Regression results based on level variables

Nasdaq Quotes                     NYSE Quotes
	Regression results based on differences between Nasdaq and NYSE

	Intercept

Share Price

Number of Trades

Trade Size

Return

Volatility

Adjusted-R2
F-value


	0.0309

(6.78**)

0.0010

 (9.63**)

-0.0001

(11.50**)

0.0001

(0.46)

0.1055

(1.10)

0.3897

 77.79**
	0.0216

(5.79**)

0.0003

(3.25**)

-0.0001

(6.33**)

0.0001

(0.73)

0.0768

(0.83)

0.1057

 15.21**
	0.0255

(15.38**)

0.0008

(3.09**)

-0.0001

(2.23*)

0.0001

(0.11)

0.2646

(1.24)

0.0238

 3.93**

	*Significant at the 5% level.

**Significant at the 1% level.





    �These lawsuits were later consolidated into a single class-action in the Southern District of New York.


    �These new rules were phased-in for all Nasdaq National Market System (NMS) issues by October 13, 1997.


    �ECNs are proprietary trading systems such as Instinet that are used exclusively by market makers and large institutions.


    �See, for example, the market quality monitoring report posted on the NASD website.


    �Demsetz (1997) suggests that the excess of Nasdaq spreads over NYSE spreads reported in Christie and Schultz (1994) may not necessarily be an indication of collusion among Nasdaq dealers.  Demsetz suggests that Nasdaq spreads are likely to be larger than NYSE spreads even in the absence of the alleged collusion because spreads on the Nasdaq were set exclusively by dealers, while NYSE spreads were set by both specialists and limit order traders.  Because Nasdaq spreads reflect the interest of both market makers and limit order traders in our post-reform data, our study is not subject to the same criticism.


    �The dates on which the new SEC rules became effective for 13 batches of 50 stocks are: January 20, February 10, February 24, April 21, April 28, May 5, May 12, May 19, May 27, June 2, June 9, June 23, and June 30.


    �The discrepancy (26 stocks) may be due to some Nasdaq stocks moving to other exchanges or going bankrupt after being subject to the new SEC rules.


    �See, for example, Demsetz (1968), Benston and Hagerman (1974), Stoll (1978), McInish and Wood (1992), and Huang and Stoll (1996).


    �Nasdaq uses the same volume counting rules as the NYSE.  Every time a trade occurs, either between two market makers, a market maker and a customer, or two customers, it is counted as one trade.  The factor that makes it difficult to compare volumes of the two markets is the inter-dealer trading on Nasdaq.


    �During our sample time period, the TAQ database has data on 3,442 NYSE stocks.  We exclude preferred stocks, warrants, and lower-class common stocks (e.g., class B and C common stocks) from the study sample.  This leaves us a final sample of 2,912 stocks.  There are over 22 million trades and 42 million quotes in our study sample.


    �When we replicate our analyses using other cutoff points for the composite match score, the results are qualitatively similar to those presented here.


    �A large number of quote updates for NYSE-listed stocks originate from off the NYSE.  As Blume and Goldstein (1997) show, however, quotes that originate from off the NYSE only occasionally better NYSE quotes.  Hence, we use only NYSE quotes in our study.


    �We estimate Dit using the algorithm in Lee and Ready (1991).  We use quotes that are at least 15 seconds old.  We acknowledge that effective spreads for Nasdaq-listed stocks may be underestimated due to inter-dealer trades.


    �When we compare the average depth of our Nasdaq sample of stocks calculated from the TAQ database with the corresponding figure calculated from the market maker quote data, we find that the former is significantly (about 50%) less than the latter.


    �We show only the plots for our NYSE stocks.  We find similar results for our Nasdaq sample.


    �The results are available from the authors upon request.


    �See Bessembinder and Kaufman (1997) for a similar finding.


    �The stock price clustering was first noted in Harris (1991).


    �See, for example, Doran, Lehn, and Shastri (1995), Furbush (1995), Kleidon and Willig (1995), Laux (1995), Godek (1996), Huang and Stoll (1996), and Grossman et al. (1997).


    �See, for example, Christie, Harris, and Schultz (1994), Bessembinder (1997), Christie and Schultz (1999), and Barclay et al. (1999).


    �Sherwood Securities was the first defendant to settle litigation by agreeing to pay a total of $9.2 million on April 10, 1997.  Kidder Peabody agreed to an out-of-court settlement of $14.1 million, followed by Herzog, Heine, Geduld Inc., who settled for $30.6 million on June 8, 1997.  A global settlement ($900 million) that included all but one of the remaining 31 defendants was reached on December 24, 1997.  The sum of all payments, including interest, totaled $1.027 billion.


    �See Ball, Torous, and Tschoegl (1985) and Grossman et al. (1997) for similar reasoning. 


    �Grossman et al. (1997) suggest that it is human nature to prefer even numbers.


    �It is not clear whether these postulates are a realistic representation of the preference structure of liquidity providers.  Ultimately, the reasonableness of these postulates can only be judged by the prescriptive power of their implications.  That is, ultimate verdict on our model must depend on how well our model can explain empirical data.


    �Harris (1991) also noted similar empirical regularities in closing prices reported in the CRSP Daily Stock Master Database.


    �The frequency distributions of Nasdaq and NYSE quotes are significantly different from the uniform distribution that would be expected if quotes were randomly selected from the discrete set of sixteenths.  We find that (2(15) = 729,416 for the Nasdaq sample and (2(15) = 216,836 for the NYSE sample.


    �Grossman et al. (1997) claim that the primary reason for lower clustering on the NYSE is the nature of the quote-generating process: NYSE quotes are created by a combination of public limit orders and specialist quotes.  They argue that both investors and the specialist have strong incentive to place limit orders at odd-eighths as well as even-eighths.  Since Nasdaq quotes also reflect limit order interest for our sample of stocks, the explanation given by Grossman et al. does not apply to our results.


    �See, for example, Christie and Schultz (1994), Godek (1996), and Barclay (1997).


    �See Harris (1991) for this definition of quote clustering.


    �It can be easily shown that the proportion of quotes in whole numbers equals QC + 1/16.


    �This result contradicts the findings of Huang and Stoll (1996) that after controlling for differences in economic factors, no relationship exists between quoted spreads and the frequency of odd-eighth quotes among their sample of 66 paired NYSE-Nasdaq stocks.  However, our result is consistent with the findings of Barclay (1997), Bessembinder (1997), and Kandel and Marx (1997).  These studies show that the spread is positively related to the degree of quote clustering.


    �Using the same procedure, it can be shown that 31% of the difference in the realized spread can be attributed to the differential quote clustering between the two markets.


    �Other likely sources of the wider spreads observed on the Nasdaq are commissions and the existence of alternative dealer quote dissemination systems.  See Huang and Stoll (1996) for a detailed discussion of these issues.


    �See also Harris (1991) and Grossman et al. (1997) for similar reasoning.





