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Breaking the Eighth: Sixteenths on the New York Stock Exchange 

Abstract 

On June 24th, 1997 the New York Stock Exchange ended a two hundred 
year history of stocks priced in eighths. As part of a conversion 
to decimal pricing, the minimum price increment was halved to a 
sixteenth. Eighths were thought to have constrained against 
narrower bid-ask spreads and potentially lower trading costs. 

In the first fifteen minutes of trading, average bid-ask spreads 
narrowed and trading costs declined dramatically. Trading cost 
savings were widespread for almost all trade sizes and across a 
large majority of stocks. Average savings were 1.25~ per share, 
totalling $1.8 billion per year. As trading costs declined, the 
market flourished with record trading volume. There is no 
evidence that sixteenths caused higher market volatility. 

Remaining debate against smaller tick sizes should now be settled. 
The evidence is clear that trading costs are lowest with minimal 
interference from the pricing increment. On the NYSE, hundreds of 
actively traded stocks are still constrained against narrower 
spreads and lower trading costs by the 1/16 increment. In the 
upcoming decision on the decimal pricing increment, nickel pricing 
would be a small improvement, penny pricing would maximize 
improvement. 
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Breaking the Eighth: Sixteenths on the New York Stock Exchange 

I. Introduction 

A. Breaking the Eighth 

On June 5, 1997 the New York Stock Exchange made a stunning 

announcement: NYSE stocks, which had been priced using 1/8 

increments for as many as two hundred years, would now trade in 

sixteenths. Furthermore, prices would be decimalized by year 

2000. 1 

This announcement ended a protracted and contentious debate on 
decimalization and reducing the minimum tick size below 1/8. 

Decimalization advocates such as Peake (1993), Hart (1993), and 

Ricker (1993, 1996) have long argued that the 1/8 pricing grid was 

too coarse, impeding competition in the bidding and offering of 

stock and causing artificially wide spreads between bid and ask 

prices. Since trade execution costs are a function of the bid-ask 
spread, to the extent stocks might be quoted with spreads less 

than 1/8, trading costs were too high. 

The Securities and Exchange Commission first joined the debate in 

1991, and more comprehensively in January 1994 with the Market 

2000 staff study of the U.S. equity market (SEC 1994). The staff 

agreed with decimalization advocates, and recommended an immediate 
conversion of stocks to 1/16 pricing followed by adoption of 

decimals, with prices in pennies, at a later date. The study drew 

much criticism from the Securities Trader's Association and other 

organizations. Even the Commission Chairman, Arthur Levitt, 

distanced himself from the study, 2 and the sixteenths and 

decimalization proposals were quietly dropped. 

The NYSE had no official position on decimalization. Later, in 

1996, the NYSE said in a statement that it ·believes its 

unparalleled market liquidity and depth would not be enhanced by 
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decimalization." 3 Separately, an NYSE official worried that 

decimals could reduce liquidity.• 

In September 1996, SEC Commissioner Steven M. H. Wallman reopened 

the debate on decimals with a profound speech, "Technology and Our 

Markets: Time to Decimalize," (Wallman, 1996) presented at a 

securities industry conference. Commissioner Wallman followed up 

with articles, interviews, and extensive press coverage making the 

case for decimalization. 

Concurrently, our neighbors to the north supplied solid evidence 

that decimalization works. On April 15, 1996 the Toronto Stock 

Exchange abandoned a 144-year legacy of stocks priced in eighths. 

Now stocks traded in nickels. By all accounts the conversion was 

a success and a number of studies showed the TSE flourished. The 

claimed benefits of decimalization, of narrower spreads and lower 

trading costs, were largely verified. 

By early 1997 the eighth began to break. The American Stock 
Exchange was first. On March 13 the AMEX board approved 1/16 

pricing for all stocks. After the NASDAQ board approved quotes in 

sixteenths on March 25, the NYSE was left alone as the only major 
stock exchange in the world still committed to trading in eighths. 

It nearly took an act of Congress to change the NYSE. On March 

13, 1997 Congressmen Michael G. Oxley (R-Ohio) and Edward J. 

Markey (D-Mass.) introduced a bill, H.R. 1053, the •common Cents 

Stock Pricing Act of 1997,• requesting SEC rules to •require 

quotations 

specified. 

which this 

in dollars and cents.• No minimum increment was 

On April 10 and 15 hearings were held on the bill, in 

author testified (Ricker 1997b), together with a number 

of academics, traders, and investors. Officials from various 

stock exchanges also testified, and many agreed that smaller price 

increments were beneficial, and some were in favor of decimals. 5 

Again, the NYSE was virtually alone defending its cherished 

eighth. 
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Competing marketplaces soon challenged the NYSE. On May 5 and 6, 

two third market dealers, Madoff Investment Securities and Trimark 

Securities, began quoting NYSE stocks in sixteenths, undercutting 

the NYSE's eighths. Some regional markets also announced 

conversion plans to sixteenths. 6 Meetings were held with the AMEX 

and regional exchanges and it was reluctantly agreed that the 

quote and trade reporting systems all of them shared would be 

reprogrammed to accomodate fractional prices as low as 1/256th. 

By early June the NYSE was under pressure with pending 

decimalization bills in both chambers of Congress. Oxley's bill 

was voted out of the House Finance Subcommittee, with the next 
step being a vote by the full Commerce Committee. More pressure 

was applied by the SEC, academics, some exchange specialists, and 

investors. The fracas against fractions became front page news in 

the press. 

On June 5th the NYSE board met and faced the inevitable. The era 
of eighths was over, and the last market in the world trading in 

eighths became the first U.S. market to commit to decimals. As an 
interim step, sixteenths were implemented as soon as possible. 

Conversion to sixteenths took three weeks and trading commenced on 
June 24, 1997. 

B. Tick Size Research 

The tick size is an extensively studied topic in the market 

microstructure literature. Detrimental aspects of the NYSE's 1/8 

pricing are discussed in Peake (1993), Hart (1993), and Ricker 

(1993, 1996). Virtually all researchers agree that with a smaller 

tick size, quoted spreads will narrow. Narrowed spreads will 

decrease trading costs because traders will buy for less and sell 

for more. Researchers also agree that quoted size--the number of 

shares available for trading at the narrowed bid and ask prices-

will probably decline. If quoted spreads narrow, but size also 

decreases, the effect on overall liquidity is ambiguous. Small 
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traders benefit. Large traders might not. 

Empirical analysis of microstructure changes such as tick size 

reductions require massive data sets of millions of individual 

trades and quotes. As data availability and computer capacity 

have improved, studies that wo~ld have been impossible just a few 
years ago can now be performed. 

The most extensively studied tick size reduction is the April 1996 

conversion of the Toronto Stock Exchange from eighths to nickels. 

The TSE was similar to the NYSE and provided an ideal test case. 

Harris (1997) provides an excellent review of six of these papers 

together with a theoretical discussion of decimalization. 7 For 

stocks price above $5, all studies found narrower spreads, and for 

those that calculated it, lower trading costs as measured by the ' -

effective spread. 8 Ricker (1997a) quantified the average trading 

cost savings, measured several ways, at C1.7~ per share amounting ,-

to C$216 million per year. 

Ricker (1997a) modelled the TSE experience and projected spread 
reductions and trading cost savings if the NYSE and AMEX 

implemented a nickel tick. Most of the benefit occurred in 

actively traded stocks. The share volume weighted spread was 

projected to narrow 35.3%, with trading costs down 33.9%. S&P 500 

spreads narrowed 46.7%, aggregate size decreased 47.1%, and 

trading costs fell 46.9%. Total NYSE and AMEX trading cost 

savings, measured several ways, averaged 1.94¢ per share and $2.25 

billion per year. The reduction in the minimum spread from 

eighths to sixteenths (6.25¢) was 80% of a move from eighths to a 

nickel (7.5¢), and a nickel tick is 20% smaller than 1/16. 

Therefore, these estimates could be an upper bound of the expected 

results from the NYSE's change to sixteenths. 

The U.S. equity markets have had several tick size reductions 

prior to the NYSE's 1/16. Ahn, Cao, and Choe (1996) studied AMEX 

stocks priced between $1 and $5 per share when the tick size for 

these stocks was reduced from 1/8 to 1/16 in September 1992. 
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Trading costs for the most actively traded group, measured by the 

effective spread, fell 18.9% yielding an annual savings of $6.4 

million. 9 However, these stocks are hardly analogous to the 

greater market. In February 1995 the AMEX also reduced the tick 

size of stocks bid between $5 and $10 from 1/8 to 1/16, but this 

has not been studied. 

Bessembinder (1997) examined NASDAQ stocks passing through the $10 

mark. At that point the quote increment falls from 1/8 above $10 

to 1/32 below $10. For all firms in his sample, trading costs, as 

measured by the effective spread, were reduced about 11% when the 

quote increment changed from 1/8 to 1/32. Trading costs fell the 

most, 21.2%, for the subset of stocks whose dealers made regular 

use of odd-sixteenth quotations when the stock price was below 
$10. 

NASDAQ changed its quote increment for stocks bid above $10 from 

1/8 to 1/16 on June 2, 1997. A study by NASDAQ (1997), found bid
ask spreads narrowed an average of only 5%. The most actively 

traded stocks, with over 100 trades per day, had an equally 

weighted 17.9% reduction in spread for stocks priced $10 to $20, 

and a 16.2% reduction in spreads for stocks priced above $20. 

Trading costs for these stocks as measured by the effective spread 

decreased 10.8% and 10.3%. The quoted size fell by 13.9% and 

12.4%. Total trading cost savings were not quantified. 

Harris (1994) fitted models on NYSE and AMEX eighth pricing usage 

to estimate latent demand for finer increments. One-sixteenth 

pr1c1ng was projected to reduce average spreads 30% or 6.3¢. He 

concluded that potential trading cost savings to small investors 

could be quite significant. 

The NYSE change to 1/16 pricing on June 24, 1997 was the first 

NYSE tick size reduction in modern history. In terms of the 

trading volume of 145 billion shares per year, traded value of 

$6.5 trillion per year, and the market value of affected stocks of 

$8.4 trillion, it is the largest tick size reduction ever. The 
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existing research suggests expected narrowing of spreads in the 

range of 15% to 35% and reduced trading costs of 1¢ to 2¢ per 

share. Total trading cost savings would therefore amount between 

$1.5 to $3 billion per year. 

C. This Research 

This research is a study of the effect of the 1/16 tick on trading 

on the NYSE. Spreads, quoted size, liquidity, and trading costs 

are examined closely following the methodology used in Ricker 

(1997a). The objective is to evaluate the improvement in market 
quality and quantify the total trading cost savings. These 

results should be especially interesting to traders and investors. 

Regulators and marketplaces planning the conversion to decimals 

may be interested in the policy implications of this research. In 

particular, the choice of the decimal pricing increment is 

currently unresolved. The likely choices are nickels or pennies. 

If 1/16 pricing, which is close to nickel pricing, can be shown to 
constrain narrower spreads and therefore adds costs, penny pricing 

should be the optimal choice. 

At least two researchers have previously studied the NYSE change 

to sixteenths. ITG (1997) investigated all NYSE common stocks. 
They found a 25% decline in the average spread, a 20% decline in 
trade to trade stock price volatility, and a 45% decline in the 

average quoted size. Fanelli (1997) researched the 458 NYSE

listed S&P 500 stocks. The average spread decreased from 0.30% to 

0.21%, or about four cents per share. Aggregate bid and ask size 

fell from $160 million to only $75 million. The average number of 

trades increased from 107,000 to 127,000 as investors apparently 

avoided larger trades. 

Both studies were admittedly limited by short data sets and 

concluded that more time and data were required for a definitive 

analysis. This research uses a longer data set to perform such a 
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definitive analysis. Also, neither study examined trading costs. 

This research quantifies trading cost savings from sixteenths. 

This research finds clear evidence that sixteenths were a 

tremendous benefit for traders and investors. From the trader's 
point of view, spreads, trading costs, and savings are relatively 

more important on actively traded stocks. Therefore, volume

weighted analysis is used to measure average spreads and trading 

cost savings that would be experienced by a trader. Weighting each 

stock by share volume, spreads shrank 26.2% from 15.61¢ to 11.52¢. 

Average trading costs, weighted by share volume, decreased 18.4%, 

from 6.79¢ to 5.54¢ a share. 

The effects were greater for the subset of big stocks in the S&P 

500 Index. Spreads narrowed 28.4% and trading costs decreased 

19.1%. The 1.23¢ savings equals 2.7 basis points, or about 1/40th 

of 1% of the Index value. 

Trading costs were reduced by 1.25¢ per share for all NYSE stocks. 
Multiplying 1.25¢ by the average daily volume of 575 million 

shares over 252 trading days a year gives the total annual trading 

cost savings from 1/16 pricing. The total savings were $1.8 

billion. Furthermore, trading volume increased, benefiting 

liquidity providers. There is no evidence that sixteenths caused 
higher market volatility. These results should settle any 

remaining debate against smaller tick sizes. 

Results were consistent with previous studies of the Toronto Stock 

Exchange, the AMEX, and NASDAQ, that found large savings in 

trading costs from smaller tick sizes. The ITG (1997) and Fanelli 

(1997) results of narrower spreads from the NYSE's sixteenth were 

verified using more time and data. Trading cost savings were 

somewhat less than the projections of Ricker (1997a), however 
those projections assumed nickel pricing. After an adjustment for 

the difference between nickels and sixteenths, the forecasts were 

remarkably close. 
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There is good evidence the 1/16 tick is not small enough for the 

NYSE. One-sixteenth spreads were very frequently used in actively 

traded stocks. Over a third of the dollar volume, and nearly half 

of the share volume is traded in NYSE stocks quoted with a 1/16 

spread more than 50% of the time. With penny pricing permitting 

spreads less than a 1/16, narrower spreads and additional trading 
cost savings would be achieved. 

This research uses a mixture of graphs and tables to present the 

analysis. It is organized as follows: Section II describes the 

NYSE data set. Section III examines quoted bid-ask spreads and 

size. Trading is introduced in Section IV, with an analysis of 

trading volume and trade execution prices. Market quality and 

trading costs are covered in Section V. Section VI concludes. 

II. The NYSE Data Set 

The NYSE TAQ data set is possibly the largest ever used in an 
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empirical study. It consists of every trade and every quote for ,_ 

six months from April 1 to September 30, 1997. A total of 156.5 

million quotes and 44.4 million trades were used. To compare 

trading in eighths with trading in sixteenths the data is 

subsetted into 59 trading days from April 1 to June 23, 1997, and 

69 trading days from June 24 to September 30, 1997. 

All NYSE common stocks that were bid above $2 at some point during 

both subperiods are used. 10 Preferred stocks and closed end funds 

were excluded. The two Berkshire Hathaway issues have unusually 

high stock prices and large bid-ask spreads, and were also 

excluded. Stocks that split are adjusted and not excluded. Nor 

were stocks excluded for inactivity. In the volume-weighted 

analysis inactive stocks have a negligible influence on the 

results. The final NYSE data set had 2,364 stocks. 

Analysis is also presented for the stocks in the S&P 500 Index. 

To properly show the spreads and trading costs experienced by an 
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S&P 500 investor during each subperiod, all 500 stocks are used. 

Therefore, stocks are included even if they were a member of the 

Index during only one subperiod. The S&P 500 Index also includes 

about 34 stocks traded on NASDAQ. 

To measure trading costs, trades must be correctly matched with 

the best bid and ask quote prevailing just before the trade. 

Quote were aggregated from the NYSE, regional markets, and third 

market dealers to determine the best bid and ask prices and size 

at all times. Trades can trigger changes in the quote, and 

sometimes the quote changes first. An examination of the data 

showed that a four second delay best matched trades with the 
preceeding quote.11 

It was necessary to screen the data for possible errors and 

outliers that may affect results. Quotes with spreads above $5 

were excluded. Trades priced more than $2 away from the bid-ask 

spread midpoint and more than 5% of the midpoint price outside of 

the bid-ask quote were excluded. If a trade price jumped over 10% 

without a preceeding trading halt, the trade was excluded. Very 

large block trades exceeding 500,000 shares and $15 million were 
also excluded from the aggregate trading cost analysis. 

III. Quoted Bid-Ask Spreads and Size 

Exhibits I through VI, and Tables I through III, show that NYSE 

quoted bid-ask spreads narrowed and the quoted size, meaning the 

number of shares available for trading at the narrowed bid and ask 

prices, declined. The decline in size was exaggerated by hidden 

size. 

A. Bid-Ask Spreads 

Exhibit I plots the time-weighted average spread for all 2,364 

NYSE stocks and average dollar trading volume. The time-weighted 
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average spread is measured by observing how much time a stock is 

quoted at each spread and computing the average spread. Spreads 

during the 1/8 pricing subperiod are indicated by white dots. 

The effect of the 1/8 minimum tick on the spread is obvious in 

Exhibit I. Many of the white dots, like a herd of cows lined up 
against a fence, are clustered along the minimum spread at 1/8. 12 

The latent demand for narrower spreads was revealed when trading 

in sixteenths began on June 24, 1997. Exhibit II plots spreads 

and trading volumes before and after the change using white and 

black dots. Spreads shrank for 2,095 of the 2,364 stocks, and 819 

of them crossed the line to trade at average spreads below 1/8. 
Spreads narrowed more for heavily traded stocks, which are most 
important to traders and investors. For some stocks the average ,, 

spread decreased close to the 1/16 minimum, indicating that the 

1/16 tick was still a binding constraint on the spread. 

Exhibits III and IV illustrate the difference between using 
volume-weighted averages instead of equal-weighted averages in the 

analysis of spreads and execution costs. 

Exhibit III plots spread frequencies before and after sixteenths 

for all 2,364 NYSE stocks. Bars show the average percentage of 

time these stocks were quoted at a particular spread, weighting 

each stock equally. If the tick size was a binding constraint on 

the spread, the data should show a clustering of quotes at the 
minimum spread. Before June 24, the stocks were quoted at the 

minimum 1/8 spread 59.0% of the time. The average spread was 

18.76~. After June 24, the new minimum 1/16 spread was used 31 .0% 

of the time and the average spread declined 15.0% to 15.94~. 

From the trader's point of view, the incidence of each stock's 

spread is related to the volume of shares traded in the stock. 

Exhibit IV plots the same information as Exhibit III, except in 

this case each stock's spread frequency is weighted by the average 

daily share volume in the stock. The 1/8 minimum spread was very 
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restrictive. Before June 24, more than 75% of the share volume 

was traded in stocks clustered at the 1/8 spread. 

After June 24, 48.6% of share volume shifted to the new minimum 

1/16 spread. The clustering on 1/16 is evidence of a latent 

demand for even smaller spreads. The volume-weighted average 

spread, which is the average spread faced by each share traded, 

narrowed 4.09¢, or 26.2% from 15.61¢ to 11.52¢. 

Detailed data on average quoted bid-ask spreads and frequencies 

are shown in Table I. S&P 500 capitalization weighted spreads 

narrowed the most. The decrease amounted to 4.19¢ and 28.4%, from 

14.78¢ to 10.59¢. Spreads calculated as a percent of the price 

narrowed more than spreads in cents per share. The difference is 

caused by higher stock prices in the second subperiod. For 

example, the S&P 500 Index price was up 13.3%. As stock prices 

rose, spreads fell, creating a better bargain in percentage terms. 

Another indicator of the binding constraint of the tick size on 
the spread is the number and aggregate trading volume of stocks 

quoted at the minimum spread more than 50% of the time. The 1/8 

tick was obviously a very severe constraint. Prior to June 24th, 

1,577 NYSE stocks, comprising almost 90% of the total dollar 

volume, were quoted at the minimum 1/8 spread more than 50% of the 

time. The 1/16 tick was much less binding. It reduced the number 

of such 50% minimum spread stocks to 438. These were actively 

traded stocks accounting for 35.3% of the total dollar volume, and 
almost 46% of the share volume. For these stocks, penny pricing 

would further narrow the spread. 

Ricker (1997) predicted that nickel pricing would constrain 

spreads, because 44% of the NYSE and AMEX dollar volume would 

trade in stocks with spreads of less than 10¢ per share. With 

coarser 1/16 pricing the actual volume share of stocks with 

spreads less than 10¢ was 32.2%. 
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B. Quoted Spreads and Size 

With narrower spreads, we should observe a decrease in quoted 

size, meaning the number of shares available for trading at the 

narrowed bid and ask prices. Smaller size occurs for two reasons. 

First, there should be less queueing of orders at the bid and ask 
prices due to greater efficiency in discovering the right price 

that clears the market. Second, on the NYSE traders have a choice 

of supplying liquidity by submitting a limit order that would 

increase size, or demanding liquidity and using a market order 

that would decrease size. The price of liquidity is the bid-ask 

spread. Angel (1997) found a decreased use of limit orders, and 

more market orders in higher priced NYSE stocks where the 1/8 tick 
size was less of a constraint on a narrow relative spread. A 

reduction in tick size to sixteenths could have the same effect 
favoring market orders over limit orders. 

The combined effects of the narrower spread and decreased size are 

shown in Exhibit V. The capitalization weighted spread and 

f " 
l 
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aggregate quoted dollar size of the S&P 500 Index is plotted daily ,_ 

from April 1 to September 30, 1997. The spread width is indicated 

by the band in the center of the diagram and the bid and ask sizes 

are shown by the shaded bands surrounding the spread. 

The effect of the 1/16 tick is clearly apparent. Spreads narrowed 

immediately. Almost all of the narrowing occurred during the 

first 15 minutes of trading on June 24th. The average percentage 
spread of the Index shrank 32.5% from 0.277% to 0.187%. Aggregate 

size also fell immediately on the opening of June 24th. Total bid 

and ask size decreased 45.1% from $408 million to $224 million. 

The total effect of sixteenths on the S&P 500 spread is probably 

understated by simply comparing the two subperiods. Some stocks 

were quoted in sixteenths before June 24th. About 9% of the S&P 

500 Index capitalization was in NASDAQ stocks which were quoted in 

sixteenths starting June 2nd, three weeks before the NYSE. Also, 

third market dealers Madoff and Trimark were quoting some NYSE 
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stocks in sixteenths as early as May 5th. Other factors such as 

the increasingly bad publicity on the NYSE's 1/8 pricing system 

and rising stock prices may have further narrowed spreads. In 

Exhibit V, there is a noticeable gradual narrowing of the S&P 500 

spread from 0.30% on April 1 to 0.25% just before June 24. Thus, 

one could argue that the total spread shrinkage from the move 

toward sixteenths was actually 37.6% from 0.30% to 0.187%. 

These results are somewhat less that the forecasts by Ricker 

(1997a), of a 46.7% narrowing of the spread from 0.30% to 0.16% 

and a 47.1% decline in the aggregate size assuming nickel pr1c1ng. 

If the 46.7% narrower spread prediction is adjusted in proportion 

to the relative changes in the tick size, and started at the 0.30% 
spread on April 1, the predicted narrowing is 80% of 47.1%, or 

38.9%. The predicted spread is therefore 0.183%, 0.004% less than 

the actual result. 

Harris (1994) forecast a 30% narrowing of average spreads with 

trading in sixteenths to 14.4~. The actual average spread was 

15.94~ after a 15% decrease. His 30% estimate was quite close to 
the actual changes in volume-weighted and S&P 500 Index spreads. 

Detailed data on quoted bid and ask sizes are shown in Table II. 

Average size fell 40.0% in shares and 33.5% in dollars. The 

average share size decrease of 40.0% exceeded the 26.2% average 

spread decrease by a substantial margin. Since the size quote 
decreased along with the narrowing spread, one could argue that 

liquidity was impaired by sixteenths. 

Liquidity can be calculated by the ratio of quoted size to 

percentage spread. This is the nominal value of stock tradeable 

per 1% of price change, or the price elasticity of the stock. 

While the liquidity value only applies within the small range of 
the bid-ask spread, it is useful for comparing simultaneous 

changes in spreads and sizes. Liquidity increased for the average 

stock but not for the S&P 500 Index. Weighting differences may 

account for this ambiguous change in liquidity. 
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Another way to measure liquidity at the quoted prices is the 

volume of trading required to break the quote. This tests the 

quality of quoted prices under pressure. In Table II quote 

breaking volume is computed two ways, total volume and net volume. 

Total volume is the cumulative stock absorbed on the bid and ask 

side of the spread until the bid or ask price breaks. Net volume 

is total volume less opposite side volume. Since volume is 

calculated conditional on the quote breaking, the quoted size is 

likely to be less than average. For example, with trading in 

eighths, it took about 38% fewer shares to break a quote than the 

average quoted size. 

Of greater interest is the relative volume absorbed before and 
after sixteenths. After sixteenths between 26.6% and 33.5% less 

stock was absorbed at the quoted bid and ask prices before a 

quoted price broke. Trading in sixteenths under pressure at 

narrower spreads, quote quality declined, but not nearly as much 

as the decline in quoted size. 

C. Hidden Size 

Traders know that quoted spread and size understate actual 

liquidity due to hidden orders. Hidden orders have been 

documented by Lee and Ready (1991), Steiner and Salwen (1992), and 

Wood (1995). Harris (1996) showed that a smaller tick size caused 

traders to hide more size on the Toronto Stock Exchange and the 
Paris Bourse. While current NYSE rules require display of most 

customer limit orders, standing orders from the floor may not 

appear in the quote. If the 45.1% reduction in quoted size of the 

S&P 500 Index and 40.0% size decrease of the average NYSE stock is 

partly caused by traders simply hiding more orders, rather than 

disappearing altogether, actual liquidity is less impaired by 

sixteenths than it appears. 

Table III illustrates a methodology, first used by Ricker (1997a), 

for estimating hidden, or unquoted size. First, quoted bid and 
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ask sizes are measured just before a trade priced at or between 

the bid and ask prices. Since these size figures are trade

weighted and not time-weighted, they differ slightly from the size 

values in Table II. Second, unquoted size is revealed when the 

quoted ~ize remaining after a trade on that side of the spread is 

not decremented by the volume of the trade. Finally, quoted size 

is adjusted by adding unquoted size. This method only adds 

unquoted size that is revealed by trades. Hidden size that is not 

traded cannot be counted. 

After sixteenths, trade-weighted share size decreased 37.3% for 

the average NYSE stock. A large number, 90.8% of all trades, 

revealed unquoted size. NYSE traders verified the Harris (1996) 

results as the frequency and amount of hidden size increased after 

sixteenths. After an adjustment for unquoted size, trade-weighted 

share size fell just 32.5% after sixteenths, not 37.3%. So, 

hiding size accounted for 4.8% of the decrease in quoted size. 
Time-weighted NYSE size fell 40-.0% after sixteenths, adjusted 

proportionally for hidden size, the actual decrease was 34.9%. 

Exhibit V, which showed the before and after sixteenths spread and 

size for the S&P 500 Index, is schematically replotted in Exhibit 

VI. In Exhibit VI, shaded bands of hidden size are added to 

quoted size to show the actual size decrease. 

Smaller size quotes are frustrating for a large trader. While 
additional size may be available only 1/16 outside of the spread, 

the NYSE quote display only shows size at the best bid and ask 

quotes. NYSE specialists will usually disclose information on 

orders away from the inside quote if they are asked, but this 

requires a telephone call to the exchange floor. 

Second-best quotes add to liquidity at a small price, and the size 

can be significant. For example, the Paris Bourse displays the 

five best quotes. Biais, et al. (1995) found the size of the next 

four quotes adjacent to the inside quote totaled six times the 

size of the inside quote. Plus, hidden orders added even more 
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size. Transparency, meaning displaying the'depth of the order 

book, is an obvious solution to improve the NYSE's diminished size 

quotes. 

IV. Trading Statistics 

Table IV shows a number of market statistics to gauge the effect 

of sixteenths on NYSE trading and tactics. Trading volume and 

activity generally increased. Fewer trades were executed at the 

bid and ask prices, and more trades occurred within the spread as 

well as outside of the spread. 

A. Trading Volume and Activity 

After the Toronto Stock Exchange decimalized, trading· volume 

unexpectedly declined, alarming opponents to decimalization and 

smaller tick sizes on the NYSE. Worries were relieved when NYSE 

trading volume significantly increased after the changeover to 

sixteenths. 

The number of trades increased and the average trade size 

decreased. As noted in Table II, dollar quoted size decreased 

33.5% to an average size quote of $123,675. This was still big 

enough to accomodate the average trade of size of $74,235, but 
could pose a problem for larger trades. Quote breaking volume 
decreased, so large market orders were more likely to break 

through the prevailing bid or offer prices and suffer executions 

at sequentially worse prices. There were relatively fewer block 

trades, confirming Fanelli's (1997) observation that traders may 

have split large orders into smaller traunches to adjust to the 

new trading environment. 

One would expect arbitrage trading to prosper with narrower 

spreads. While program trading did increase, it was not caused by 

increased arbitrage trading. Due to quote systems capacity 
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limitations, tick sizes were not reduced in the equity options 

markets, which may have affected some arbitrage opportunities. 

Quoting activity increased in line with trading activity. NYSE 

quotes are often revised in conjunction with a trade, so this is 

to be expected. If quoting activity increased more than trade 

activity, it would have indicated intensified quote competition. 

With the price of precedence reduced by half from 1/8 to 1/16, 

traders should have been more eager to undercut each other's price 

to obtain priority in the order book. However, this did not 

appear to happen. 

B. Trading at the Bid, Mid, and Ask Prices 

A finer pricing increment creates more legal prices to transact, 

so if the spread exceeds one tick, traders can meet each other in 

the middle of the spread and trade without using a liquidity 

providing intermediary. However, narrower spreads are of less 

value to larger traders because size is reduced. Big trades may 
break the quote. Narrower spreads, and reduced size and quote 

breaking volume were indeed observed in Exhibits II through V and 

Tables I through II. Accordingly, we should have more trading in 

the middle of the spread and more trading outside of the spread 

after a reduction in the tick size. 

The lower section of Table IV shows trade prices relative to the 
prevailing spread. With trading in eighths, 80.4% of dollar 

volume was executed at the bid and ask prices. Trades inside the 

spread could occur only during spreads of 1/4 or more and amounted 

to 15.3% of volume. Only 4.3% of dollar volume broke the quote . 
• 

Traders did meet in the middle of the spread more often when 

trading in sixteenths. Trading inside the spread increased 36.5%, 

from 15.3% to 20.8% of dollar volume. The narrower quotes were 

broken more often, but trading outside the spread amounted to just 

7.4% of dollar volume. The net effect of gains from narrower 
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spreads and more trading in the middle versus losses from breaking 

the quote can be quantified by examining trading costs. Market 

quality and trading costs are examined in the next section. 

V. Market Quality and Trading Costs 

Table V presents statistical evidence of a dramatic improvement in 

market quality and reduced trading costs following the NYSE 

conversion to trading in sixteenths. NYSE and S&P 500 Index 

volatility increased, but this was probably not caused by 

sixteenths. Trading costs were reduced for all but the very 

largest trades, with slightly higher savings for small trades. 

A. Market Quality 

Grossman and Miller (1988) showed that correlation and covariance 

of trade to trade price changes are excellent measures of market 
quality, better than bid-ask spreads. Both covariances and 

correlations of trade to trade price changes increased, so market 

quality improved, on an equal-weighted and trade-volume-weighted 

average after sixteenths. 

Average trade to trade price fluctuations decreased, indicating a 

more efficient price discovery process. Four measures are shown. 
All of them are calculated as the average absolute value of the 

trade price minus a benchmark price, with each trade weighted by 
the volume of the trade. The measure first benchmarks the trade 

against the preceeding trade at a different price (Average I Price 

Change!)- The remaining three measures use the preceding trade 

price (IZIGI), the next trade price (IZAGI), and both prices 

((IZIGl+IZAGl)/2) as benchmarks. Formulae are shown at the bottom 
of the Exhibit. 

Sixteenths have been blamed in the press for fueling higher market 

volatility. 13 If this is true, the effect should show up in 
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individual stock price volatilities. Price volatility was 

measured for each stock using the method in Garman and Klass 

(1980), annualized, and then averaged across all stocks. Neither 

equal-weighted or dollar-volume-weighted stock volatility had a 

statistically significant change after sixteenths. In contrast, 

both the NYSE and the S&P 500 Composite Index volatilities 
increased. The S&P 500 volatility jumped from 14.6% to 16.9%. 

Higher correlations of stock returns with stock index returns 

could also affect market index volatility. However, the average 

capitalization-weighted correlation of NYSE stocks with the NYSE 

Index was unchanged at .33 before and after June 24th. S&P 500 
stock correlations barely changed from .30 to .33. 

While market volatility unquestionably increased, the true cause 

is a statistical mystery. It was not caused by stock volatilities 

or increased correlation among stock returns. Since individual 
stock volatilities did not change, the cause is probably not 

sixteenths. 

e. Trading Costs 

Trading costs measure the expense of executing a trade on the 

floor of the NYSE. It is literally the cost of doing business. 
Buyers and sellers must agree on a price. The trade price may be 

the bid, the ask, somewhere in the middle, or even outside of the 
spread. If you assume there is a true equilibrium price of a 

stock, then any trades priced away from this equilibrium have a 

winner and a loser. The initiator of the trade is assumed to be 

the loser. Buyers pay more than the equilibrium price, and 

sellers receive less. The absolute difference between the trade 

price and the equilibrium price is equal to the trading cost . 

Trading costs are calculated using two different equilibrium 

prices, with each trade weighted by the volume of the trade. Very 

large block trades over 500,000 shares and $15 million distorted 
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trading costs for a few stocks, so these trades were excluded from 

aggregate cost calculations. 

The generally accepted measure of trading cost is the effective 

spread, called !Price-Midi in Table V, which benchmarks the trade 
price against the midquote, or the midpoint of the quoted bid and 

ask prices. 

Bid and ask size provide additional information on the equilibrium 

benchmark price. Algert (1990) introduced a weighted quote 

benchmark, weighting the bid price by ask size and the ask price 

by bid size. Overall, about 31% of the difference between the 
weighted quote and the current midquote was realized in the change 

to the next midquote. Therefore, the weighted quote is a slightly 

better measure of the true equilibrium benchmark price of the 

stock than the midquote. Trading costs using this benchmark are 

labelled jPrice-Weighted Midj in Table V. 

Table V shows equal-weighted, share-volume-weighted, and S&P 500 

Index weighted trading costs. Equal-weighted costs declined a 

modest amount, 0.80~ and 9.8% for the average of both trading cost 

measures. Savings were greater for higher trading cost stocks, as 

indicated by the higher decrease, 23.6%, in percent trading costs. 

The benefit was widespread. Of all 2,364 stocks, 1,757 had lower 

trading costs. Whereas only 259 stocks had average trading costs 
less than six cents while trading in eighths, 927 had costs less 

than six cents after sixteenths, and 145 had costs less than four 

cents. 

Volume-weighted costs are most important because that is what 

traders pay on the average trade. Mathematically, volume-weighted 

savings per share can be multiplied by daily trading volume and 

annual trading days to obtain annual savings from sixteenths. 

The !Price-Midi had the highest savings at 1.42~ per share for 

both the volume-weighted NYSE and the S&P 500 stocks. IPrice

Weighted Midi costs decreased just over a penny a share. !Price-
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Weighted Midi costs fell less than !Price-Midi because relatively 

more volume was executed on the side of the spread displaying the 

largest size after sixteenths. Averaging the two measures 

together, NYSE overall trading costs fell 18.4% and 1.25¢ per 

share from 6.79¢ to 5.54¢. Average trading costs for the S&P 500 
costs decreased by 19.1% and 1.23¢ per share. Trading costs 

declined as stock prices increased, yielding greater relative 

savings for trading costs measured as a percent of the stock 

price. 

It is interesting to compare these results with the Ricker (1997a) 

forecasts. In May and June 1996 NYSE share-volume-weighted 

!Price-Midi and !Price-Weighted Midi costs averaged 7.44¢. With 
nickel pricing, costs were projected to decrease 2.33¢ to 5.11¢ 

per share. Starting with the 7.44¢ cost, and subtracting 80% of 

the 2.33¢ cost decrease to correct for the difference between 

nickels and sixteenths, we get a cost prediction of 5.57¢ per 

share with trading in sixteenths. The actual cost was 5.54¢. 

Narrower spreads yielded trading cost savings. The portion of the 
spread shrink that is actually realized as trading cost savings 

can be calculated as the ratio of the !Price-Midi savings relative 
to half the decrease in the trade-volume-weighted spread. The 

trade-volume-weighted spread is the average spread prevailing when 

a trade occurs, weighted by the size of the trade. It narrowed by 

3.84¢ from 15.68¢ to 11.85¢. NYSE traders did very well. About 

74% of the half-spread reduction of 1.92¢ flowed through to them 

in reduced !Price-Midi trading costs. S&P 500 cost savings were 

75% of the spread shrink. 

c. Trading Costs and Trade Size 

Sixteenths reduced average NYSE trading costs 1.25¢ per share. It 

is widely believed by Harris (1994) and others that smaller tick 

sizes save trading costs only for small trades, perhaps at the 

expense of large trades. The smaller average trade size and the 
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relative decline in block trading observed after sixteenths 

indicated that traders changed strategy toward smaller orders. 

Exhibit VII graphs NYSE share-volume-weighted trading costs 

subsetted by trade size before and after sixteenths. All 44.4 

million trades are used, including the very large blocks. Buys 

and sells are shown separately on each side of the Exhibit. The 

overall shape of the graph is itself interesting. Very large 

sells above 250,000 shares are up to three times more costly than 

buys of the same size. 

Trading cost savings from sixteenths appear as the difference 

between the grey line and black line. Contrary to expectations, 

savings were widespread across almost all trade sizes. Costs were 

reduced by one cent or more for buys up to 100,000 shares and for 

sells up to 25,000 shares. About 99.7% of all trades were within 

this volume range. The greatest savings were 1.65¢ per share for 
buys of 100 shares. 

Widespread savings were invariant to the transaction cost 

calculation. Trading costs benchmarked using the preceeding trade 

price, the preceeding trade price at a different price, the next 

price, the midquote five and ten minutes before the trade, and the 

weighted midquote five and ten minutes before the trade all had 
similar results. 

Benefits deteriorated only for very large trades. Benefits fell 

to zero for sells above 250,000 shares. Costs increased slightly 
for buys of 500,000 shares or more. In the 500,000+ share trade 

categories the sample size falls to only a few hundred trades per 

side, per subperiod, possibly causing unreliable results. 

D. Trading Costs and Turnover 

The antithesis of trading costs is liquidity-provider revenue. If 

sixteenths saved money, what about the intermediaries? In other 
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words, where are the brokers' yachts? 

To the extent that liquidity is supplied by public limit orders, 

intermediaries are less affected by reduced trading costs. 14 

After a large decline in per share trading revenue, the only way 

intermediaries can make up the loss is through commissions and 

increased trading volume. Smidt (1990) examined the long run 

trends in the total cost of transacting and NYSE turnover. He 

estimated the elasticity to be around 2 or 3, so a 1% decline in 

transaction costs induced a 2% or 3% increase in turnover. 

Wallman (1996) forecast increases in trading vofume, perhaps with 
a lag. 

Exhibit VIII reproduces an updated chart from Ricker (1996) 

plotting a 28 year history of NYSE trading costs, brokerage 

commissions, and share turnover. 15 Total transaction costs are 

the sum of trading costs and brokerage commissions. Costs were 

obtained by chaining and fitting, on as a consistent basis as 

possible, historic estimates of average commissions and effective 

spreads from over a dozen different studies. Smidt's elasticity 
estimate was verified. The turnover elasticity is about 2.75 

after considering the lagged effect. 

Turnover tripled from 1975 to 1987 as the brokerage commission 

component of transaction costs declined 81% from 1.01% to 0.19% of 

traded value. The trading cost also declined from the 0.52% level 
observed in Demsetz (1968). By 1994 trading costs had flattened 

out at about 10¢ per share and 0.28%. Turnover was 54%. Since 

effective spreads can theoretically go as low as 6.25¢ in a 1/8 

market, there was still some room for improvement. 

Over the next two years average stock prices increased while 

spreads and trading costs declined toward the theoretical minimum. 
By May and June of 1996 NYSE effective spreads averaged 7.48¢ a 

share and 0.199%. By the first subperiod of this study, April to 

June 1997, costs had fallen further to 6.77¢ a share and 0.160%. 

After sixteenths they fell again to 5.35¢ and 0.119%. Assuming no 
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change in the commission cost of 0.14%, 16 over the past three 

years total transaction costs fell from 0.42% to 0.26%, a 38% 

decrease. With a 2.75 elasticity, a 38% decrease in costs should 

eventually induce a 104% increase in turnover to a level of 110%. 

Indeed, turnover is already on its way up. The 1997 level of 78% 
was a modern day record. 

Sixteenths were clearly a tremendous benefit for traders and 

investors. On the sell side, at least two brokerage firms said 

sixteenths, together with changes in NASDAQ, have affected recent 

profits. 17 The historic data and results to date suggest that the 

sixteenth may ultimately benefit these intermediaries as well with 
increased trading volume. 

E. Trading Cost Savings 

Table VI calculates annual trading cost savings from sixteenths. 
Multiplying the 1.25~ per share savings times an average composite 

volume of 575 million shares per day and 252 trading days per year 
gives our final result: $1 .8 billion. 

VI. Conclusion 

The preceding analysis quantifies, for the first time, the answer 
to the question: What would happen if we broke the eighth. 

It happened on June 24, 1997. The era of eighths was over. A new 

era began of tighter bid-ask spreads, lower trading costs, and 

fairer pricing for all investors and traders on the New York Stock 
Exchange. Trading cost savings were widespread for almost all 

trade sizes and across a large majority of stocks. Billions of 

dollars of friction were purged from the system. The market 

flourished with record trading volume. 

This study confirms the work of many other researchers that 
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trading costs are lowest with minimal interference from the 
pricing increment. Spreads are best determined by traders in the 

market, rather than the rules of the marketplace. Remaining 

debate against smaller tick sizes should now be settled. 

Breaking the eighth was a big change. However, the evidence is 
clear that 1/16 pricing prevents narrower spreads and lower 
trading costs for hundreds of actively traded stocks. In the 
upcoming decision on the decimal pricing increment, nickel pricing 
would be a small improvement, penny pricing would maximize 
improvement. 
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End Notes. 

1. The New York Stock Exchange was founded in 1792. Eighths on 
the NYSE date to at least 1817 when pricing was formalized using 
eighths of a percent of par increments. In 1915 pricing was 
converted from percent of par to dollars, with a 1/8 dollar 
increment. Details are discussed in Angel (1997). Formally, the 
conversion to sixteenths required a change in NYSE Rule 62, which 
specified a one eighth pricing increment for all stocks bid above 
$1 per share. Decimalization has been delayed possibly to 2001 
to permit work on the year 2000 computer dating problem. Nor has 
a decimal tick size been specified. 

2. Reaction of Chairman Levitt to the Market 2000 report is 
discussed in Raghaven and Harlan (1994). 

3. This statement from the NYSE was quoted in De Santis (1996). 

4. Edward Kwalwasser, the NYSE Chief of Regulation, expressed 
liquidity concerns in Kazakoff (1996). 

5. See Committee on Commerce (1997). 

6. During May 1997, the Philadelphia Stock Exchange announced 
conversion to 1/16 pricing, and the Pacific Exchange filed a rule 
proposal to use sixteenths. 

7. Harris (1997) reviews other current research on tick sizes in 
addition to the six papers on TSE decimalization. NASDAQ (1997) 
also studied effects of decimalization on the Toronto Stock 
Exchange. 

8. The effective spread is generally defined as the absolute 
difference between the trade price and the midpoint of the bid 
and ask prices prevailing at the time of the trade. Some authors 
multiply by two to make the effective spread comparable to the 
quoted spread. 

9. Ahn, Cao, and Choe (1996) calculate a equal-weighted average 
2.46~ decrease in effective spread for the most actively traded 
third of the sample. Effective spread is defined as 2jpt-Qtl, 
where Pt is the trade price at time t and Qt is the midpoint of 
the bid and ask quotations at time t. In multiplying by two, 
effective spread is defined to be a round-trip trading cost. 
Annual savings of $12.8 million was erroneously doubled by 
multiplying annualized one-way trading volume by average round
trip savings of 2.46~. One-way savings, or 1.23~. should have 
been used. Offsetting this, equally-weighted average savings was 
used, instead of volume-weighted average savings, which probably 
understates total savings. 

10. The NYSE change from a 1/8 tick to a 1/16 tick applied to all 
stocks bid above $1. Although the change applied to about 40 
stocks priced between $1 and $2, they have been excluded from 
this analysis. 
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11. Researchers differ on the appropriate delay for NYSE quotes. 
Lee and Ready (1991) used a delay of five seconds. Hasbrouck, 
Sofianos and Sosebee (1993) recommended fourteen seconds. 
Bessembinder and Kaufman (1996) used twenty seconds. 

12. A few stocks have average spreads slightly below 1/8 due to 
occasional cases of a zero spread. Also, some stocks were quoted 
in sixteenths off the NYSE and sometimes had 1/16 bid-ask spreads 
before June 24. 

13. Willoughby (1997) and Traders (1997) blame sixteenths for 
increased market volatility due to specialists and professional 
traders stepping ahead of customer orders. Salomon (1997), and 
Jones (1997) say sixteenths increased arbitrage opportunities and 
resultant program trading has fueled volatility. 

14. In 1996, NYSE specialists and member firms were not involved 
in 82% of the NYSE trading volume (NYSE Fact Book (1997)). 

15. Sources are cited in Exhibit VIII. Transaction costs are 
approximately shown as volume or trade weighted averages for NYSE 
listed stocks. Institutional commissions generally included soft 
dollars. Non-soft dollar commissions, paying for execution only, 
are significantly lower than commissions plotted in Exhibit VIII. 
Trading costs were defined as the effective spread, or half of 
the bid-ask spread, whichever was available. 

16. The median commission paid by a large sample of equity mutual 
funds in a study by Livingston and O'Neal (1996) from 1989 to 
1993 was 13.8 basis points, or 6.2 cents per share on an average 
stock price of $45. 

17. Quick & Reilly cited narrowing NASDAQ spreads and sixteenths 
in its third quarter earnings announcement on December 30, 1997. 
On January 14, 1998 Charles Schwab's co-CEO David Pottruck 
attributed lower profit margins in Charles Schwab's fourth 
quarter to trading in sixteenths. 
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EXHIBIT I 

NYSE BID-ASK SPREADS AND DOLLAR VOLUME 
BEFORE SIXTEENTHS, APRIL 1 - JUNE 23, 1997 
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AVERAGE DAILY VOLUME ($MILLIONS) 

EXHIBITII 

NYSE BID-ASK SPREADS AND DOLLAR VOLUME 
BEFORE AND AFTER SIXTEENTHS, APRIL 1 - SEPTEMBER 30, 1997 
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EXHIBIT Ill 

NYSE TIME-WEIGHTED BID-ASK SPREADS 
BEFORE SIXTEENTHS, APRIL 1 - JUNE 23, 1997 

► 100% ----------------------
0 
~ 80% 

fil 60% 
a:: 
II,. 40"/4 
~ 

AVERAGE• 18. 76 CENTS 

59.02% 

33.22% 

w 20"/4 
I o.34% .036% ... 0"/4 t....,;;....;...,~_;.;..;..;..;.;..._ 0.03% 

7.04% 

0 1/16 1/8 3/16 1/4 >1/4 

I AFTER SIXTEENTHS, JUNE 24- SEPTEMBER 30, 1997 I 
► 100"/4 
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40"/4 0 30.98% 30.38% 
i3 20"/4 a:: 8.84% 0. 0.35% co 0"/4 

0 1/16 1/8 3/16 1/4 >1/4 

EXHIBIT IV 

NYSE VOLUME-WEIGHTED BID-ASK SPREADS 
BEFORE SIXTEENTHS, APRIL 1 - JUNE 23, 1997 

► 100% 
0 AVERAGE• 15.61 CENTS z 80"/4 75.19% w 
::::, 
a 60"/4 w a:: u.. 40"/4 0 

i3 21.23% 
a:: 20"/4 
0. 0.93% 0.89% 0.0S°/4 1. 10"/4 
"' 0"/4 

0 1/16 1/8 3/16 1/4 >1/4 
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EXHIBITV 

S&P 500 BID-ASK SPREAD AND SIZE 
APRIL 1, 1997 - SEPTEMBER 30, 1997 
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EXHIBIT VI 

S&P 500 BID-ASK SPREAD AND SIZE 
SIZE ADJUSTED FOR HIDDEN ORDERS 
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EXHIBIT VII 

NYSE TRADING COSTS 
BEFORE AND AFTER SIXTEENTHS 
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EXHIBIT VIII 

NYSE TURNOVER AND TRANSACTION COSTS 
1970-1997 
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TABLE I 

NYSE QUOTED BIO-ASK SPREADS 

BEFORE AND AFTER SIXTEENTHS 

Before After Percent T-Test 
1/16'9 1/18'9 Difference Change T-Stat Prob•0 

Bid - Ask Spreads: 

Average Spread In Cents per Share I: 
1 

Equal-Weighted 18.78 15.94 -2.82 -15.03% -37.08 0.00"/4 
Share-Volume-Weighted 15.81 11.52 -4.09 -26.20% -14.31 0.00% 
S&P 500 Index 14.78 10.59 -4.19 -28.3&/4 -14.68 0.00% 

Average Spread as a Percent of Price 

Equal-Weighted 0.979% 0.719% -0.260"/4 -28.W/4 -34.28 0.00% 
Dollar-Volume-Weighted 0.389% 0.257% -0.112% -30.38% -16.37 0.00"/4 
S&P 500 Index 0.277% 0.187% -0.090% -32.~/4 -40.06 0.00"/4 

Bid - Ask Spread Frequencies: 

Equal-Weighted 

Zero or Crossed 0.34% 0.35% 0.01% 2.94% 2.53 0.67% 
1/18 0.38% 30.98% 30.62% 8505.58% 73.40 0.00% 
1/8 59.02% 30.38% -28.84% -48.53% -70.48 0.00% 
3118 0.03% 14.43% 14.40% 48000.00% 101.81 0.00% 
1/4 33.22% 15.01% -18.21% -54.82"/4 -88.98 0.00% 
>1/4 7.04% 8.84% 1.80% 25.57% 13.18 0.00% 

Share-Volume-Weighted 

Zero or Crossed 0.93% 0.99% 0.06% 8.45% 1.39 8.23% 
1/16 0.89% 48.57% 47.68% 5357.30% 18.56 0.00% 
1/8 75.19% 31.31% -43.88% -58.38% -18.90 0.00"/4 
3/18 0.06% 10.52% 10.48% 17433.33% 29.02 0.00% 
1/4 21.23% 8.23% -15.00% -70.85% -28.54 0.00% 
>1/4 1.70% 2.37% 0.87% 39.41% 8.68 0.00% 

S&P 500 Index 

Zero or Crossed 1.1&-/4 1.26% 0.09% 7.78% 2.45 0.71% 
1/16 1.88"/4 48.14% 48.28% 2480.84% 10.18 0.00% 
1/8 74.43% 32.18% -42.26% -58.78% -9.52 0.00% 
3/16 0.18% 11.06% 10.88% 8044.44% 1s.n 0.00"/4 
1/4 20.78% 5.24% -15.52% -74.78% -14.86 0.00% 
>1/4 1.58% 2.13% 0.66% 34.81% 3.68 0.01% 

Stocks with Minimum Spread Quoted More than 60% of the Time: i • 
Minimum Spread $0.125 $0.0625 ($0.0625) -50.00% NA NA 
Number of Stocks 1sn 438 -1139 -72.23% NA NA 
Percent of Stocks 68.71% 18.53% -48.18% -72.22% NA NA 
Percent of Market Capitalization 68.80% 35.63% -52.97% -59.79% NA NA 
Percent of Dollar Volume 89.94% 35.29% -54.85% -60.78% NA NA 
Percent of Share Volume 92.19% 45.94% -48.25% -50.17% NA NA 
Average Stock Price $27.35 $21.99 ($6.38) -19.80% NA NA 
Share-Volume-wtd Stock Price $41.01 $34.41 ($6.60) -16.09% NA NA 

NottJII: ' . 

This Exhibit shows the profound effect of sixteenths on bid-ask spread quotations on the N- York 
Stock Exchange. The data set Is 2,384 stocks bid above $2 before and after sixteenths on June 24, 
1997. Average bid-ask spreads values for each stock are calculated on a time-weighted basis. 
Overall average spreads are calculated three different ways: equally weighting each stock, weighting 
each stock by the average dally trading volume In either shares or dollars, and weighting by the S&P 
500 Index. Average spreads declined slightly on an equal-weighted basis. More lmportsntly for 
Investors, average spreads narrowed by a much larger amount, 28.2% to 30.6% when the average ! :· 

spread Is calculated weighting eech stock by the dally trading volume In the stock. The percentage 
spread of the S&P 500 Index narrowed by 32.6%. Share volume weighted frequencies show the 
likllhood of a share trading at a particular spread. Before June 24, three quarters of share volume 
on the NYSE and three quarters of the capitalization of the S&P 500 faced spreads of 1/8. After 
sixteenths almost half the NYSE volume and half of the capitalization of the S&P 500 Is quoted with 
a 1/18 spread. The constraint of the tick size before and after sixteenths Is Indicated by the number 
and volume of stocks frequently quoted at the minimum spread. Sixteenths greatly relieved this 
constraint. After sixteenths, 438 stocks were quoted at the minimum spread of 1/16 more than 
60-/4 of the time. For these stocks, the 1/16 tick remained a constraint on a narrower spread. 



TABLE II 

NYSE QUOTED SIZE 

BEFORE AND AFTER SIXTEENTHS 
l 'l 

Before After Percent T-Test 
1/16'8 1/16'8 Difference Change T-Stat Prob=0 

r • 
! Time-Weighted Average Quote Size: 

Ask Size Shares 8,121 4,772 (3,349) -41.24% -22.44 0.00% 
Bid Size Shares 7,552 4,629 (2,923) -38.70% -18.83 0.00% 

Total Quoted Size Shares 15,673 9,401 (6,272) -40.02% -21.32 0.00% 

Ask Size $198,328 $128,968 ($69,360) -34.97% -21.63 0.00% 
Bid Size $173,784 $118,382 ($55,402) -31.88% -16.31 0.00% 

Total Quoted Size $372,112 $247,350 ($124,762) -33.53% -19.57 0.00% 

S&P 500 Ask Size ($Thousands) $220,115 $120,744 ($99,371) -45.15% -37.84 0.00% 
S&P 500 Bid Size ($Thousands) $188,076 $103,334 ($84,742) -45.06% -39.60 0.00% 

Total S&P 500 Size ($Thousands) $408,191 $224,078 ($184,113) -45.100/o -41.40 0.0001. 

f ; 

' l - Quoted Liquidity, Average Size per 1% of Spread: 

Time-Weighted $950,343 $1,043,757 $93,414 9.83% 2.58 0.49% 
S&P 500 Index ($Thousands) $1,486,926 $1,216,572 ($270,354) -18.18% -9.34 0.000/4 

Trading Volume Required to Break the Quote: 

Total Volume Before Quote Breaks 

Ask Side Share Volume 4,700 3,273 (1,427) -30.36% -19.42 0.000/4 
Bid Side Share Volume 5,134 3,577 (1,557) -30.33% -14.08 0.000/o 

Average Share Volume 4,827 3,363 (1,464) -30.33%. -19.70 0.000/o 

Ask Side Dollar Volume $132,180 $95,889 ($36,291) -27.46% -18.98 0.000/o 
Bid Side Dollar Volume $133,035 $98,992 ($34,043) -25.59% -16.44 0.000/o 

l. 
Average Dollar Volume $131,444 $96,490 ($34,954) -26.59% -19.64 0.000/o 

Net Volume Before Quote Breaks 

l - Net Ask Side Share Volume 2,875 1,915 (960) -33.39% -16.48 0.00% 
Net Bid Side Share Volume 3,060 2,046 (1,014) -33.14% -10.60 0.000/o 

Average Net Share Volume 2,901 1,928 (973) -33.54% -18.37 0.0001. 

Net Ask Side Dollar Volume $80,044 $56,410 ($23,634) -29.53% -15.68 0.000/4 
Net Bid Side Dollar Volume $73,747 $54,162 ($19,585) -26.56% -11.80 0.00% 

Average Net Dollar Volume $76,134 $54,536 ($21,598) -28.37% -17.86 0.000/o 

r f 

Notea: ; 

L 
This Exhibit shows the effect of sixteenths on bid and ask size quotations on the New York Stock Exchange. 
The data set is 2,364 stocks bid above $2 before and after sixteenths on June 24, 1997. The size quote 

'. is the nominal amount of stock tradeable at the bid and ask prices. Average size values for each stock are i. 
L calculated on a time-weighted basis. Dollar bid and ask size decreased 33.5% after sixteenths, however 

the average size remained well above the average trade size of $74,235. Quotad liquidity Is the total 
quotad size per 1% of the spread. Quoted liquidity increased 9.8% after sixteenths for the average stock 
but declined 18. 20/o for the S&P 500 Index. Another measure of liquidity at the quoted prices is the average 
trading volume required to break the quote. Total volume is bid and ask side trading. Net volume is total 
volume less opposite side volume. After sixteenths, about 26.6% to 33.5% less stock was absorbed at the 
quoted bid and ask prices before the quotes broke. 



TABLE Ill 

NYSE UNQUOTED SIZE ADJUSTMENT 

BEFORE AND AFTER SIXTEENTHS 

Before After Percent T-Test 
1/16's 1/16'8 Difference Change T-Stat Prob=0 

Quoted Size: 
I , 

Average Quote Size Prevailing Before a Trade 
'. 

Ask Size Shares 8,130 4,794 (3,336) -41.03% -19.51 0.00% 
Bid Size Shares 7,189 4,816 (2,373) -33.01% -15.46 0.00% 

Total Quoted Size Shares 15,319 9,610 (5,709) -37.27% -18.19 0.00% 

Ask Size $181,826 $132,237 ($49,589) -27.27% -18.72 0.00% 
Bid Size $169,283 $126,631 ($42,652) -25.20% -12.71 0.00% 

Total Quoted Size $351,109 $258,868 ($92,241) -26.27% -15.82 0.00% 

Frequency and Amount of Unquoted Size 
When Volume Traded Exceeds the Quoted Size: 

Percent of Batches Exceeding Quoted Size 

Ask Side Trade > Ask Size 90.55% 91.46% 0.91% 1.00"/4 NA NA 
Bid Side Trade > Bid Size 91.07% 92.21% 1.14% 1.25% NA NA 

Total Trades > Quoted Size 90.79% 91.81% 1.02% 1.12"/o NA NA 

Percent of Share Volume Exceeding Quoted Size 

Ask Side Volume > Ask Size 20.27% 30.64% 10.37% 51.17% NA NA 
Bid Side Volume > Bid Size 22.52"/4 30.56% 8.04% 35.72"/4 NA NA 

Total Volume > Quoted Size 21.33% 30.60"/4 9.28% 43.50"/o NA NA 

Percent of $Volume Exceeding Quoted Size 

Ask Side Volume > Ask Size 25.51% 33.81% 8.30% 32.55% NA NA 
Bid Side Volume > Bid Size 26.76% 35.38% 8.62"/4 32.22"/o NA NA 

Total Volume > Quoted Size 26.11% 34.58% 8.47% 32.43% NA NA t " 

Average Size After Adjustment for Unquoted Size: 

Adjusted Ask Size Shares 9,778 6,263 (3,515) -35.95% -19.68 0.00% 
Adjusted Bid Size Shares 8,808 6,288 (2,520) -28.61% -15.86 0.00% 

Total Adjusted Size Shares 18,586 12,551 (6,035) -32.47% -18.51 0.00% ' . 

Adjusted Ask Size $228,207 $176,947 ($51,260) -22.46% -17.80 0.00% 
Adjusted Bid Size $214,581 $171,433 ($43,148) -20.11% -12.23 0.00% 

Total Adjusted Size $442,788 $348,380 ($94,408) -21.32"/o -15.19 0.00% 

Notes: 
l, 

This Exhibit adjusts the average quoted bid and ask size values for hidden or unquoted size. The data set is 
2,364 New York Stock Exchange stocks bid above $2 before and after sixteenths on June 24, 1997. The average 1 '. 
quote size is a measure of market liquidity. Quoted size is observed for each stock just before a trade is ' 
executed. This measure of average share size decreased 37.3%, and average dollar size decreased 26.3% after 
sixteenths. Unquoted size is revealed when the volume of a trade exceeds the quoted size. More precisely, 
unquoted size Is defined as the excess of the dollar volume of the trade above or below the midpoint of the 
bid-ask spread plus the quoted size remaining at the bid or ask after the trade, over the quoted size 
prevailing just before the trade. Unquoted size comes primarily from stopped stock and orders from the floor. ( -
Unquoted size increased after sixteenths. After an adjustment for unquoted size, actual share size decreased 
32.5%, which is 4.8% less than the quoted size decrease of 37.3%. Adjusted dollar size decreased 21.3%. 



TABLE IV 

NYSE TRADING STATISTICS 

BEFORE AND AFTER SIXTEENTHS 

Measurement Before After Percent T-Test 
1/16'8 1/16'8 Difference Change T-Stat Prob•0 

Average Trading Volume: 

Trades per Day 128.58 152.66 24.08 18.73% 10.97 0.00% 
Shares per Day 236,616 253,042 16,426 6.94% 4.12 0.00% 
Shares per Trade 1,820 1,658 (162) -8.90% -6.20 0.0O"At 
Dollars per Trade $77,222 $74,235 ($2,987) -3.87% -2.39 0.84% 
Dollars per Day $9,945,914 $11,332,922 $1,387,008 13.9S°At 7.24 0.00% 

Small, Block, and Program Trading: 

' I Shares <• 1000, % of Share Volume 15.77% 18.07% 2.30% 14.58% 9.46 0.00% 
Shares <• 1000, % of Dollar Volume 16.83% 19.14% 2.31% 13.73% 6.01 0.00% 
Block Percent of Share Volume 43.09% 37.98% -5.11% -11.86% -4.99 0.00% 
Block Percent of Dollar Volume 39.39% 35.41% -3.98% -10.10% -4.84 0.00% 
Program Percent of Share Volume 15.46% 17.37% 1.91% 12.35% 1.96 2.50% 
Arbitrage Percent of Share Volume 3.97% 3.21% -0.76% -19.14% -2.05 2.02% 

Quote Activity: 

Average Quotes Per Day 140.53 168.25 27.72 19.73% 25.17 0.00% 
Quotes/Trades Ratio 1.10 1.10 0.00 0.00% 1.38 8.38% 

Trading at the Prevalllng Bid, Mid and Ask: 

Number of Trades: 

Price> Ask 0.96% 1.76% 0.80% 83.33% 15.26 0.00% 
Price• Ask 44.91% 40.55% -4.36% -9.71% -13.21 0.00% 
Bid < Price < Ask 14.41% 21.32% 6.91% 47.95% 31.71 0.00% 
Price• Bid 38.85% 34.72% -4.13% -10.63% -13.24 0.00% 
Price< Bid 0.87% 1.65% 0.78% 89.66% 14.36 0.00% 
Price • Bid or Ask 83.77% 75.27% -8.50% -10.15% -35.55 0.00% 
Price < Bid or Price> Ask 1.82% 3.41% 1.59% 87.36% 16.27 0.00% 

Dollar Volume: 

Price> Ask 2.07% 3.51% 1.44% 69.57% 12.76 0.00% 
Price• Ask 44.21% 38.87% -5.34% -12.08% -14.50 0.00% 
Bid < Price < Ask 15.25% 20.82% 5.57% 36.52% 21.91 0.00% 
Price• Bid 36.21% 32.95% -3.26% -9.00% -9.84 0.00% 

r Price< Bid 2.25% 3.84% 1.59% 70.67% 12.14 0.00% 
i Price • Bid or Ask 80.43% 71.82% -8.61% -10.70% -30.20 0.00% 

Price < Bid or Price> Ask 4.32% 7.35% 3.03% 70.14% 15.47 0.0O"At 

Average Stock Price: 

Equal Weighted $30.17 $32.95 $2.78 9.21% 19.22 0.00% 
Share Volume Weighted $42.42 $44.92 $2.50 5.89% 3.72 0.01% 
S&P 500 Index Stock Price $51.06 $54.07 $3.01 5.90% 6.28 0.00% 
S&P 500 Index Price 818.00 926.93 108.93 13.32"At 17.61 0.00% 
NYSE Composite Index Price 427.21 483.18 55.97 13.10% 18.30 0.00% 

Notn: 

Tola exhibit shows some effects of sixteenths on the N-York Stock Exchange. The data-set la all 
2,364 stocks bid above $2 before and after sixteenths on June 24, 1997. Average values are shown 

f' before and after sixteenths for a variety of market statistics. All measures of trading volume and 
1 activity Increased. There la some evidence of diminished liquidity for large trades. Toe average } -
l . trade size decreased. Toe percentage of block trades over 10,000 shares and $200,000 also decreased. 

Program trading Increased as a percent of share volume, but this was not caused by arbitrage trading. 
Arbitrage trading declined. Liquidity-consuming trades executed at the prevalllng bid and ask prices 
declined. Trading between the bid and ask prices Increased significantly. Trades between the spread 
are liquidity neutral. They are likely to be from one Investor to another Investor without the 
lnvolvment of a liquidity-providing Intermediary. Market Indices were up 13% during the changeover 
to sixteenths. 
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TABLE V 

NYSE MARKET QUALITY ANO TRADING COSTS 

BEFORE AND AFTER SIXTEENTHS 

Market Quality: Before Alter Percent T-Teet 
1/18'• 1/18'• Difference Change T-Stat Prob•0 

. Equal-Weighted Average: 
Correlation (AP, AP-1) --0.41 --0.29 0.12 -29.27"A, 38.32 0.00% 
Covariance (AP, AP-1) -69.18 -25.13 44.05 -63.87% 33.18 0.00% 
Average !Price Change! 14.34 10.78 -3.58 -24.97% -49.28 0.OO°A, r -
IZIGI 8.49 5.aa --0.81 -9.40"A, -8.34 0.00% 
IZAGI 4.80 4.19 --0.41 -8.91% -8.07 0.00% 
( I ZIGI +f ZAGI )/ 2.0 4.91 4.24 --0.87 -13.WA. -18.78 0.00% 

Volume-Weighted Average: 
Correlatlon (AP, AP-1) --0.55 --0.45 0.10 -18.18% 7.95 0.00% 
Covariance (AP, AP-1) -97.14 -40.99 58.15 -57.80% 12.18 0.00% 
Average !Price Change! 13.28 8.94 -4.34 -32.88% -15.90 0.00% 
IZIGI 5.27 4.52 --0.75 -14.23% -7.72 0.00% 
IZAGI 3.58 3.17 --0.41 -11.45% -5.81 0.OO°A, 
( IZIGI +f ZAGI )/ 2.0 4.20 3.47 --0.73 -17.38% -a.ea 0.00% 

Average Volatlltt;y (Annualized Gannan-Klue): ' . 

Equal-Weighted Volatlltt;y 31.84% 32.05% 0.21% 0.88% 1.10 13.57% 
$Volume-Weighted Volatility 34.18% 34.35% 0.19% 0.58% 0.12 45.22% 
NYSE Compoait. Index Volatlltt;y 12.81% 14.73% 2.12% 18.81% 8.n O.OO°A, 
S&P 500 index Price Volatlltt;y 14.57% 18.94% 2.37% 18.27% 8.98 0.00% 

Average Correlation of Stocke and Market lndeK Return 

NYSE Compoaite lndeK 0.33 0.33 0.00 0.01% 0.00 50.00% 
S&P 500 Index 0.30 0.33 0.03 8.97% 0.73 23.27% 

Trading eo.ta: Before After Average Percent T-Tat 
1/18'8 1/18'8 Savinga Savinga T-Stel Prob•0 

Equal-Weighted Coet per Share: 

I Price - Mid I 7.83 8.98 --0.85 -10.88% -12.24 0.00% 
I Price - Weighted Mid I 8.49 7.74 --0.75 -B.83% -10.95 0.00% 

Average eo.t in Cente 8.18 7.38 --0.80 -9.80% -11.72 0.00% 

Shar•Volume-Welghted eo.t per Share: 

I Price - Mid I 8.n 5.35 -1.42 -20.97% -11.08 0.00% 
I Price - Weighted Mid I 8.81 5.72 -1.09 -18.01% -IU9 0.00% 

Average eo.t in Centa 8.79 5.54 -1.25 -18.41% -10.50 0.00% 

S&P 500 Index eo.t per Share: 

I Price - Mid I 8.50 5.08 -1.42 -21.85% -12.26 0.00% 
I Price - Weighted Mid I 8.38 5.34 -1.04 -18.30% -11.58 0.00% 

Average eo.t In Cente 8.44 5.21 -1.23 -19.10% -12.08 0.00% 

Average eo.t in Percent !' ' 
' 

Equal-Weighted Coet 0.424% 0.324% --0.100-A, -23.81% -19.10 0.00% 
Dollar-Volume-Weighted eo.t 0.158% 0.120% --0.038%. -23.32% -13.48 0.00% 
S&P 500 lndeK eo.t 0.122% 0.094% --0.027% -22.53% -12.38 0.OO°A, 

Noflle: 
Marlt.t QullHty O.ffnltlona: 

Correlation and Covariance Trade Price ve. Preceding Trade Price of Different Price. 
Average !Price Change! Trade Price LNa Preceding Trade Price of Different Price. 
IZIGI Trade Price L- Preceding Trade Price of Different Price or Time. 
IZAGI Trade Price L- Nut Trade Price of Different Price or Time. 
(IZIGI +f ZAG I)/ 2.0 If ZIG and ZAG Are of the Same Sign, IZAGI I■ Subtracted from IZIGI. 

Otherwi■e lZIGI and IZAGI Are Added. 
Tf'Mling eo.t Dttffnltlona: 

I Price - Mid I Trade Price L- Mean of Bid and A■k, Aleo Called Effective Spread. 
I Price - Weighted Mid I Trade Price Leu Mean of Bid and Aek, Weighted by A■k and Bid Size. 

Thi■ Exhibit calculates average market quality and trading co.ta in cente per ■hare and percent 
of ■hare price ecro-■ the New York Stock EKchange data ■et of 2,384 ■tock■ bid above $2 befQre 

! ' and after ■IKteenthe on june 24, 1997. Each etock'e market qualtt;y and trading coata are meaured 
u■ lng the methodologie■ defined above. Qualtt;y and -ta are calculawd by weighting each 
trade In the ■tock by the ■hare or dollar volume of the tran■actlon. Overall average market l ~ 
qu■Hty and e,cecutlon-ta are calculabtd thrN way■, by w.ightlng the ■tocke equally, and, 
more importantly for lnveetors, weighting each ■tock by the average dally dollar or ■hare volume 
In the ■tock or the ■tock'■ w.ight in the S&P 500 lndeK. All mea■ur• of market qualtt;y Improved. 
Market indeK volatlltt;y increaed, but individual ■tock volatlltt;y did not Inc.._. Sbcteenthe 
dramatically reduced trading co.ta. Average uvlng■ were hlglM■t, 1.25 and 1.23 cente per ■hare, 
for the ■hare-volu,._ighbtd NYSE and S&P 500 ■tocke. The ■hare-volu---lghted nving■ of 1.25 
centa can be multiplied by total ■hare volume to obtain total trading co.t ■evlng■ from the change 
in the tick ■lze from elghthe to ■bcteenthe. 
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TABLE VI 

NYSE TRADING COST SAVINGS FROM SIXTEENTHS 

Daily Trading Cost Savings on Volume of 575 MIiiion Shares Per Day: 

Average Trading Cost, Cents per Share 
Total Dally Trading Costs ($MIiiion) 
Total Percentage Savings 

Annual Trading Cost Savings on 252 Trading Days per Year. 

Total Trading Costs ($Million) 

Notes: 

Before 
1/16's 

6.79 
$39.04 

$9,839 

After 
1/16's Savings 

5.54 -1.25 
$31.86 ($7.19) 

-18.41% 

$8,027 ($1,811) 

The average trade execution cost savings was 1.25 cents per share as measured across the 
New York Stock Exchange data set of 2,364 stocks bid above $2, weighting each stock by the 
average daily share volume in the stock. In the Exhibit above, the total annual cost savings is 
calculated by multiplying the average savings of 1.25 cents per share by the average composite 
volume of 575 million shares a day and 252 trading days per year. The estimated total savings 
of trading costs from sixteenths is $1,811 million per year. 




