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THE PRICING OF SECURITY DEALER SERVICES:
AN EMPIRICAL STUDY OF NASDAQ STOCKS

Hans R. StoLL*

I. INTRODUCTION

AN IMPORTANT, if not critical, element in almost every financial market is the dealer
who stands ready to trade for his own account and thereby provides to the public
the convenience of being able to trade immediately. The dealer incurs costs of
holding an inventory of securities, certain costs of handling each order and costs
due to adverse information possessed by those that trade with him. He is compen-
sated for the costs by selling at the ask price (above the “true” price) and buying at
the bid price (below the “true” price).! Dealers are to be distinguished from brokers
who do not bear risk and who usually charge a commission. Since healthy financial
markets are viewed as critical to a healthy economy and since dealers stand at the
center of many financial markets, dealers have been the focus of many regulatory
inquiries and some empirical studies by academicians.

Today, competitive forces (instiutional trading, third market, block trading),
Justice Department pressures, and technological change (the computer) are in the
process of producing major changes in the structure of securities markets. As part
of this restructuring a major issue is the way in which the dealer function should be
provided, the degree of competition which should exist and the rules and regula-
tions under which individual dealers should operate.?

Using data from the Over-the-Counter Market (OTC), this paper examines two
aspects of dealer behavior that have implications for appropriate structures of
securities markets:

1. What factors determine the price of dealer services? An understanding of
these factors may suggest how dealer costs may be minimized.
2. What determines the number of dealers willingly making a market in a stock?

* Assocjate Professor of Finance, University of Pennsylvania. The author gratefully acknowledges the
financial support of the University of Pennsylvania Law School Center for the Study of Financial
Institutions and of the Rodney White Center for Financial Research. Bert Tyler of the White Center
expertly carried out the programming and Lloyd Haynes provided research assistance. I want to thank
the National Association of Securities Dealers for making the data available to me and for their
cooperation in this study. I benefited greatly from the comments of my colleagues at the University of
Chicago while a visitor there in 1975-76 as well as from the comments of my colleagues at the
University of Pennsylvania. I wish, in particular, to thank Nicholas Gonedes and Merton Miller,
without holding them responsible for errors which remain.

1. The “true” price is the price that would, in the dealer’s opinion, exist in the absence of transaction
costs.

2. See the SEC White Paper [10] for a discussion.
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Recent academic studies have emphasized the first question. Demsetz [5] devel-
ops the useful notion that the service provided by dealers is immediacy. He
postulates that the cost per share of providing immediacy (ask price minus bid
price) on the New York Stock Exchange (NYSE) is a function of the price, a
transaction rate variable and the number of markets (regionals and third market)
on which the issue is traded. He finds the transaction rate variable to be highly
significant, but he finds the competition variable to be insignificant. Tinic [14]
elaborates on the Demsetz approach by entering more variables in the regression
equations including an index of competition which weights markets by activity
there. His most interesting finding is that spreads are lower when there is greater
competition from other markets. Tinic and West [15] apply the same kind of
analysis to data for the OTC in which, unlike the NYSE, multiple dealers are
permitted. They find that spreads are lower in stocks with a greater number of
dealers. These findings are substantiated by Benston and Hagerman [2], who also
include in their analysis a superior risk measure. With respect to the second issue
Tinic and West [15] have measured the responsiveness of the number of dealers to
volume.

This paper differs from earlier studies in that it is based on an explicit theory of
dealer costs [12]. Second, the empirical work is based on a larger body of data than
previously available and includes more of the relevant variables. In particular, the
study recognizes that the competition variable (number of dealers) used in other
studies may simply reflect total capital availability and specifies a competition
variable that cannot be viewed as a proxy for the amount of capital committed to
making markets in a stock. Third, the paper develops and tests a model of the
determinants of the number of dealers in a stock and includes a number of
variables not considered by Tinic and West. The primary data base is closing bid
and ask prices for each stock listed on the NASDAQ system in six days in July
1973 and volume of trading of each dealer in each stock. Additional data for weeks
prior to that time were also analyzed. The data are described in greater detail in the
Appendix.

Since the NASDAQ market is quite new, the next section of the paper describes
that market and presents characteristics of stocks and dealers in the market. A
theory of the cost of dealer services is summarized in Section III and an equation
for determinants of bid-ask spreads is specified. The empirical evidence on the
determinants of spreads is in Section IV. An equation for the equilibrium number
of dealers is developed in Section V and empirical estimates are presented. The
conclusions are in Section VI.

II. CHARACTERISTICS OF THE NASDAQ SYSTEM

The NASDAQ—National Association of Securities Dealers Automated Quotation
—system, which became operational in February of 1971, stores the bid and ask
prices quoted by each dealer in every security on NASDAQ.? Brokers and other
users of the system have a computer terminal which provides a representative bid

3. See Santomero [11] for an analysis of the effects of the introduction of the NASDAQ system on
spreads.
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price, which is the median bid of all dealers in the stock, and a representative ask
price, which is the median bid plus the median bid-ask spread of all dealers in the
stock. The system also provides simultaneously the bid and ask price of each dealer
in a particular stock when the dealer with the best quotation is sought. Dealers that
are members of the system have the facility to change quotations at any time.
NASDAQ is a quotation system and does not carry out, or record, transactions
which are completed in the traditional manner by telephoning the dealer quoting
the best price. Quotations are good for 100 shares and are subject to negotiation if
larger transactions are desired.

Since November 1971, NASDAQ has also been providing statistics on the
volume of trading that are compiled from reports filed by each dealer (entries into
computer system) at the end of each day. Share volume for any dealer is defined as
the maximum of shares purchased from or sold to the public.*

To be listed on the system, securities must have at least two dealers willing to
make a market. Since June 1974, a fee has been charged corporations whose stock
is included in the system. Dealers are members of the NASD and meet the
requirement of the self regulatory body and are subject to its discipline. As of July
1973 about 2600 common stocks were listed on NASDAQ plus a large number of
preferred and foreign stocks and debt securities. Not all over-the-counter stocks are
on NASDAQ and some NYSE stocks are on NASDAQ. These “third market”
stocks (about 90) are excluded from this analysis. There were over 500 different
dealers making markets in common stocks.

The investor trading on NASDAQ is faced with two costs: the fee charged by
the broker who represents him in seeking the dealer with the best price and the
compensation to the dealer (represented by the spread). To the extent that investors
trade directly with dealers, the brokerage fee can be avoided. However, this is
difficult for non-institutional investors.> This paper is concerned only with com-
pensation of dealers.

Table 1 presents the NASDAQ composite price index and NASDAQ share
volume for selected dates in 1972 and 1973 as well as median values for certain
other variables. As is evident in the Table, the middle of 1973 was not a good time
for the securities industry. Between April 1972 and July 1973 volume fell drasti-
cally; and primarily as a result of the decline in stock prices, percentage spreads
rose quite substantially— from 5.1% to 10.5% for the typical industrial stock and
from 2.7% to 4.2% for the typical financial stock. The median number of dealers
listed per stock did not decline as much as one might expect. A major part of the
adjustment to lower volume apparently came in less activity for each dealer. It is
interesting to note that in the NASDAQ system of multiple dealers, the typical
stock supports 4 to 5 dealers. This is true even though volume is much less than for
NYSE stocks.

4. There is some difficulty in calculating volume because it is not always clear to a dealer whether he
is trading with a broker-dealer representing the public or himself. This is particularly true for block
trades. See NASD Release, NASDAQ Volume Reporting Procedures; April 1973, for a detailed
discussion.

5. Even a dealer who is also a retail broker, as is often the case, is likely to charge a brokerage fee to
individual investors for executing transactions since this service involves additional costs.
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TABLE 1

SELECTED NASDAQ STATISTICS

Date

Variable 1972 ' 1973

4/3 6/27 9/28 12/26 3/21 6/21 1/11
1) NASDAQ Composite Price Index | 128 130 129 131 117 100 103

2) NASDAQ Share Volume for Week

Containing Date (Millions) 53~ 38 40 32 33 23 27
3) Median % Spread
Financial Stocks 2.7 2.8 2.9 3.0 3.6 42 42
Industrial Stocks 5.1 56 63 6.7 80 105 10.5
4) Median $ Volume ($100)
Financial Stocks 101 79 74 80 75 54 101
Industrial Stocks 75 48 32 39 21 15 22
5) Median Price
Financial Stocks ’ 26 25 26 26 23 19 194
Industrial Stocks 11 10 8.9 8.5 713 59 5.9
6) Median Number of Dealers
Listed
Financial Stocks 5 5 5 5 5 5 5
Industrial Stocks 5 5 5 5 4 4 4

Note: Median calculated across all non third-market common stocks.

A. Stock Characteristics

Table 2 presents decile values for a number of characteristics of industrial and
financial NASDAAQ stocks based on the six trading days in 7/9/73 to 7/16/73. It
is evident that there is considerable variability across stocks in all the characteris-
tics. For example, ten per cent of the industrial stocks had average spreads below
3.79% or above 25.64%. Even recognizing that these spreads are based on the
representative bid-ask (RBA) rather than on the best bid and best ask, it is evident
that trading is quite expensive for a significant fraction of NASDAQ stocks. This is
undoubtedly due to the low volume and high risk of some of the NASDAQ stocks.
For financial stocks where volume is greater and risk less, spreads are a good deal
less. In fact, 10% of those stocks have spreads of 1.77% or less.

The table also presents deciles on the average number of dealers listed per day
and the average number of dealers trading per day. The number of dealers
prepared to trade is set at a minimum of two by NASDAQ rules. For 10% of the
industrial stocks, it is 10 dealers or more. The willingness to trade does not always
result in trading activity so that the average number of active dealers per day is
considerably less than those listed.

The last column gives deciles 01 the average absolute daily inventory change of
all dealers in a stock. This measures the daily imbalance between public purchases
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TABLE 2

STOCK CHARACTERISTICS
CROSS-SECTION DECILES ON AVERAGE VALUES FOR THE 6 TRADING DAys FrRoM 7/9/73 TO

1/16/73
NR of Dealers NR of Dealers Absolute
$ Volume Listed Per Per Day With Daily $
Decile % Spread Per Day Day! Volume? Inv. Change®
Industrial Stocks (2214)
1 3.79 154 .00 33 29
2 5.42 548 3.00 .50 83
3 6.90 1073 3.33 .83 137
4 8.61 1719 4.00 1.00 200
5 10.49 2837 5.00 1.33 283
6 12.58 4373 6.00 1.67 379
7 15.38 7312 7.00 2.17 504
8 19.05 13517 9.67 3.00 716
9 25.64 31564 19.00 4.50 1204
Financial Stocks (294)
1 1.77 683 2.00 .50 52
2 2.25 2015 3.00 .83 102
3 2.82 4183 4.00 1.17 188
4 3.54 7644 4.17 1.50 276
5 4.10 11962 5.00 2.00 375
6 4.73 17566 6.00 2.50 473
7 6.15 30625 7.00 3.17 692
8 8.00 51885 9.00 3.83 880
9 10.62 122710 10.00 6.50 1544

Notes: 1. Number of dealer-days of listing divided by number of days=6.
2. Number of dealer-days with volume divided by 6.
3. For any stock defined as

6
2
t=1

d; d,

2' $Purj— 2, $Salj
=1 j=1

j,_ =

A=

where ¢ refers to the day, j to the dealer, d;=number of dealers in stock i, $Purj=$
purchases of dealer j, $Sal;=$ sales of dealer ;.

and sales and is necessarily less than volume per day if the public both purchases
and sells a stock during the day. Both volume and inventory change appear quite
small. Daily volume for the median industrial stock was only $2837 or less than 500
shares for a median priced stock of $5.9. Daily inventory change for median
industrial stock was only $283. Volume is substantially higher for financial stocks.
Inventory change is also higher, but not to the same degree.

B. Dealer Characteristics

Table 3 summarizes by category of stock certain characteristics of dealers who
make markets on NASDAQ in OTC stocks. Item 2 of the table gives the total
number of different dealers listed at least once in at least one stock during the 6
days. There were 283 different dealers willing to trade at least one NASDAQ
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financial stock and 527 willing to trade at least one NASDAQ industrial stock. For
all NASADAQ common stocks (excluding third market stocks) there were 537
different dealers listed.

The number of different stocks traded by a single dealer varies considerably.
Item 3 gives the number of stocks listed by the median dealer and by the dealer
listing the most stocks. Item 4 gives the maximum and median for stocks traded at
least once in the six day period. Thus, of all the dealers listing at least one financial
stock, the median dealer listed 3. The number traded by the median dealer is 2. The
dealer listing the most financial stocks listed 111 and the dealer trading the most
financial stocks traded 110 at least once. The dealer listing the most industrial
stocks (may be the same as the dealer listing the most financial stocks) listed 434
stocks. Considering all classes of stocks, one dealer listed 462 and one dealer traded
417 at least once. The median dealer listed 10 stocks and the median dealer traded
7 stocks at least once.

Items 5, 6 and 7 give an idea of the total dollar activity per dealer in all his
stocks. Dealers are classified by their 6 day dollar inventory change, by their
average absolute daily inventory change and by their average daily dollar trading
volume. As one would expect the median dealer experienced an insignificant
inventory change during the six days in all his stocks taken together. (The slight
negative change is consistent with the fact that stock prices rose slightly during the
six days.) Certain dealers, however, experienced significant positive or negative
changes. In the category “all stocks,” +$4,290,000 was the largest positive change
for a dealer; and —$1,404,000, the largest negative change for a dealer. The
median dealer experienced an average daily imbalance of $4,149 in all his stocks in
the “all stocks” category. This is greater than the six day inventory change because
dealers take actions to reverse accumulations or decumulations of inventory. The
median dealer experienced an average daily volume of $9,750 in all his stocks.

Table 4 classifies stocks by the number of active dealers in the stock. An active
dealer is one who carried out at least one trade in the stock in the six day period.
The Table shows that among the industrial stocks there were 283 stocks with one
active dealer, 464, with two active dealers; 450 with three active dealers, etc.. The
principal purpose of the Table is to show how volume and concentration of volume
change as the number of active dealers in a stock increases. Column 3 gives the
average daily volume for the median stock in each dealer category and column 4
gives, for the median stock, the percentage of six day volume carried out by the
dealer, with the greatest volume in the stock. Thus, $188 represents the average
daily volume for the medjan stock among the 283 with only one active dealer. Since
there is only one dealer the concentration ratio in column 4 is 100%. As the number
of active dealers increases, median volume increases, and the median concentration
ratio decreases. When there are two active dealers, one half of the 464 stocks have
concentration of trading in the top dealer of more than 75%; one half have lesser
concentration of trading. When there are ten active dealers, the median concentra-
tion of trading is about 30% for both industrial and financial stocks. The tendency
toward increasing volume and decreasing concentration ratios is less clear-cut after
about ten dealers because the number of stocks in each dealer category becomes
small and random factors become important.
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TABLE 3

DEALER CHARACTERISTICS FOR THE 6 TRADING DAys IN THE PErIoD 7/9/73-7/16 /73

Stock Category
Financial Industrial All
Variable (6)) 2 3)
1. Number of Stocks in Class ) 294 2214 2508
2. Number of Dealers Listed at Least 283 527 537
Once in at Least 1 Stock
3. Number of Stocks Listed by Dealer
Maximum Number 111 434 455
Median Number 3 9 10
4. Number of Stocks Traded at Least
Once by Dealer
Maximum Number 110 329 417
Median Number 2 6 7
5. 6 Day $ Inv. Change in $1000
Largest Dealer 4470 3846 4290
Median Dealer 0 - 1.884 —1.788
Smallest Dealer —-1068 -990 —1404
6. Average of Daily Absolute $
Imbalances in $1000
Largest Dealer 835 954 1235
Median Dealer 3.000 3.623 4.149
7. Average of Daily $ Volumes in $1000
Largest Dealer 2112 3775 5832
Median Dealer 5.011 7711 9.750
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TABLE 4

DISTRIBUTION OF NUMBER OF STOCKS BY NUMBER OF ACTIVE DEALERS PER STOCK AND FOR
EAcH DEALER CATEGORY—DAILY $§ VOLUME OF MEDIAN STOCK AND CONCENTRATION OF
TRADING VOLUME OF MEDIAN STOCK. 7/9/73-7/16/73

Values for Median Stock in
Each Dealer Category

NR of Active . Avg Daily Concentration of Volume
Dealers! NR of stocks? $ Volume in %°
@ @) (©)] )
Industrial Stocks
1 283 188 100
2 464 1,175 75
3 450 2,088 60
4 317 4,305 51
5 218 5,398 45
6 150 10,401 39
7 107 12,084 34
8 76 22,527 33
9 57 28,735 31
10 31 53,277 30
11 26 29,268 25
12 12 45,372 24
13 14 132,134 27
14 13 131,703 22
15 7 38,110 20
16 7 85,907 14
17 2 85,696 15
18 4 230,959 18
19 3 156,572 15
20 1 357,771 13
21 2 39,776 11
27 1 517,355 20
Financial Stocks
1 18 168 100
2 54 1,999 67
3 47 4,290 61
4 42 11,963 52
5 39 15,631 44
6 28 19,793 38
7 14 35,149 45
8 19 55,707 32
9 14 48,630 33
10 8 72,090 28
11 3 174,165 32
12 3 67,170 15
13 5 210,245 21
14 2 211,631 18
15 2 91,814 16
17 2 550,672 13
18 1 304,246 19
22 1 430,161 22
23 1 520,097 22

Cf. notes on p. 1161
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III. THEORY OF THE COST OF DEALER SERVICES

A dealer provides the service of standing ready to trade when other investors are
not available. In doing so he incurs three types of costs which may be termed
holding costs, order costs and information costs. (See Stoll [12].) An expression for
holding costs can be derived by treating dealers like other investors who desire to
diversify and have preferences with regard to the risk-return characteristics of their
portfolios. Requests by the public to trade cause the dealer to assume a portfolio
which is nonoptimal in terms of his preferences and the proper diversification, and
this is the source of the holding costs for which he must be compensated. It is
assumed that order costs are a fixed amount per transaction, M, which reflects
communications and handling costs. The per dollar cost is thus a declining
function of the size of the transaction. Information costs arise when some investors
trade because they have information not available to the dealer and can make
profits at the dealer’s quote. Since the dealer is unable to determine which traders
have information, he must charge an amount on each transaction that reflects the
expected value of the adverse information possessed by those that trade with him.

The dealer is compensated by purchasing shares at the bid price, P, usually
below the “true” price, P*, and by selling shares at the ask price, P?, usually above
the “true” price. If he prices at marginal cost the percentage bid-ask spread,
defined as (P#— P?)/ P*,, can on the basis of Stoll (12) be expressed as

5=

z Tioiz 2M

W, |0i] +2a;+ [0 Q)
The first term represents holding cost;® the second, adverse information cost; and
the third, order cost. The holding cost component depends on:

(1) Dealer characteristics—relative risk aversion z, and dealer equity, W,. Of two
dealers in the same stock, the one with larger z and/or smaller W, requires a
higher spread for taking a position of given size; or, at the same spread, would take
smaller positions.

(2) Absolute value of the transaction in stock i, |Q,|.

(3) Characteristics of the stock—variance of return per time period, o?; the
holding period, ;. Differences across stocks in the spread depend primarily on the

6. The principal assumption underlying the holding cost equation (other than the standard one
leading to optimal individual portfolios) is that the dealer’s inventory positions are financed solely by
borrowing at the risk free rate of interest or by lending proceeds of short sales at the risk free rate of
interest and not by selling short or purchasing other stocks. The multiperiod equation (1) differs slightly
from the one developed in [12] by neglecting to divide the RHS by a term slightly less than one. The
difference is not important for the empirical work of this paper.

Notes to Table 4

1. An active dealer in a stock is one who has at least one trade in the 6 day
period.

2. The total number of Financial and Industrial stocks exceeds the number in
Table 2 because the requirement for both a bid and ask price on each day was
not necessary.

3. The concentration ratio is the % of 6 day volume carried out by the dealer
with the most volume in the 6 day period.
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fundamental per period variability of the stock’s return and the number of periods
the stock is expected to be held. The holding period in turn depends on volume of
trading since it is more likely that the dealer can reverse a position when there is
active trading. The variance rather than the “Beta” coefficient is the measure of
risk because the dealer is assumed to trade one stock ata time.’

The second term in (1) represents twice the expected value of adverse informa-
tion possessed by any buyer or seller. This very simple formulation implies that the
dealer expects an abnormal negative return of — a after a purchase by the dealer
and an abnormal positive return of + a after a sale by the dealer.® The third term
represents order costs.

In the empirical work, (1) is treated as an industry supply function which
requires that variables such as W, and z are those that correspond to the
“representative” dealer in the stock. Because (1) relates to price quotations, not to
market transactions prices, there is not a simultaneity problem; and there is no
need to consider the demand for dealer services. On NASDAQ, quotations are
based on trades of 100 shares. Therefore, |Q;|is given by the value of the round lot
for which the quotation is good:

lQi|=Pi'100

where P,=(P?+ P})/2.

In a competitive world, the market spread is given by (1). However, the
competitive assumption is undoubtedly not correct for every stock. To test the
effect of competition, past studies have used the number of dealers listed in a stock
to represent competition, and a negative relation between spread and the number
of dealers has typically been found. The difficulty with this procedure is that the
number of dealers may be a proxy for the aggregate wealth devoted to making
markets. Without a better measure of competition or a direct measure of wealth it
is difficult to distinguish between the following two hypotheses: 1) competition
among dealers reduces spreads: 2) greater wealth, whether held by one dealer of
many dealers, reduces spreads. The distinction between the two hypotheses is
important since those in favor of a monopoly dealer system (as has existed on the
NYSE) argue that what is needed is a way to insure sufficient wealth for the
monopoly dealer in a stock, and that it is the existence of sufficient capital, not
competition, that reduces spreads. A finding that increases in number of dealers
reduce spreads may simply reflect the fact that more wealth is devoted to making
markets when there are more dealers. The empirical results below report on an
attempt to hold constant the importance of wealth by entering a proxy for W, in
(1). Secondly, an alternative measure of monopoly is used which is not subject to
the same criticism as is the number of dealers.

7. It should be noted that the bid or ask price depends on the covariance of the stock with other
stocks in the dealer’s initial inventory. However the spread is independent of initial inventory. After a
transaction which changes inventory both the bid and ask price are changed by the same proportion in
the same direction (lowered after a purchase; raised after a sale) leaving the proportional spread
unchanged.

8. See Bagehot [1] and Jaffee and Winkler [9] for a discussion of adverse information costs.
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IV. EMPIRICAL EVIDENCE ON DETERMINANTS OF SPREADS

A. Specification of Variables
Since the most interesting variables in (1) appear multiplicatively and since the
others (a;,,M/|Q)|) are somewhat ad hoc, the entire relation is set up in the
following form which is log-linear:
5= _Z“Uiz"'iEGi(Pi' 100).X; ()
VWO
where F, and G, correspond to 24; and 2M /|Q,| respectively, |Q,|= P, 100, and X;
is a variable that reflects the degree of competition. Turn now to a more precise
specification of the variable and the development of appropriate proxies for

variables that are not directly observable.
The spread, s;, offers no difficulty and is defined as

Pf— P}
5= 2
where P? and P? are the ask and bid prices respectively and where P,=(P7+ P?)/
2. Note that the theory specifies the use of percentage spread rather than absolute
spread.’

The variance of the stock’s return, o7, is estimated from weekly data for the
period 4/3/72 to 3/27/73 and 5/2/73-7/17/73. Use of the variance is
appropriate if the dealer trades one stock at a time. A positive sign is expected.

The holding period, 7,, is not directly observable and is assumed to be a function
of volume, V,, in the stock. The greater the volume the easier it is for the dealer to
reverse a position given the number of other dealers in the stock. The dollar value
of trading volume was used, and it was estimated over 64 days of trading in the
period 4/3/72-3/27/73, 5/2/73-7/17/73 rather than on the 6 days of daily data
because it was felt that this length period would give a better estimate of expected
volume. A negative sign is expected on V.

Adbverse information cost, F,, of a trade is also not directly observable. It is
assumed that the expected cost of adverse information is greater in stocks with
greater informational trading, and the level of informational trading is assumed to
be correlated with turnover. In the absence of informational trading, investors
would hold well diversified portfolios and would tend to trade amounts propor-
tional to- the amount of the stock outstanding. If investors believe they have
information, trading will be concentrated in stocks about which information is
possessed and volume in those stocks relative to shares outstanding will exceed that
of other stocks. Turnover is defined as V,/ T, where T;=dollar value of shares
outstanding. A positive sign is expected.

The minimum cost, G,, is also not directly observable. It is assumed to be a
function of the price, P,, of the stock because quotations are for 100 shares so that a

9. Cf. Demsetz [5), Tinic [14], Tinic and West [15], Benston and Hagerman [2] who use dollar spread
per share.
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minimum cost is spread over more dollars for high priced stocks. One would expect
a negative sign. Another reason for expecting a negative sign on P, is the minimum
allowable spread of 1/8 dollar that can cause low priced stocks to have artificially
high spreads. Finally, there is some evidence that price is negatively correlated with
risk of a stock.!® If this is the case, P, might pick up some of the risk not reflected
o7, and this would also cause a negative sign. A positive influence on the coefficient
of P, comes from the appearance of P, in (2) to reflect the dollar value of positions
taken by dealers. Larger positions require larger spreads. There will also be a
statistical bias toward a negative sign to the extent there is measurement error in
price since the error will show up on the denominator of the left hand side and the
numerator of the right hand side. It is not clear a priori whether these offsetting
tendencies will result in a positive or negative sign.

Variables to represent the degree of competition are the number of different
dealers listed, d;, and the concentration of dealer trading. A proxy for dealer wealth
is also entered. These will receive more extensive discussion in the emprical section.
The remaining variable, z, is impounded in the constant term.

B. Results

Table 5 gives results for 4 different log-linear regression equations, the means
and standard deviations of the logs of the variables, and the correlation matrix of
the logs of the variables. Regression 1, in which the proportional spread is regressed
against the variance of return, dollar volume, turnover, stock price, and number of
different dealers listed in the stock during the six day period is quite similar to the
regressions run in other studies. It differs in the use of proportional spread and the
inclusion of turnover. All variables have the expected signs and are highly signifi-
cant. Over 82 per cent of the cross section variation in proportional spreads is
explained by the five independent variables. As is the case in all studies of this
type, the activity variable, volume, is negatively related to spreads. Price is
negatively related to proportional spread. This result is consistent with a positive
coefficient less than one found in the other studies using dollar spread as the
dependent variable. It implies that the minimum order cost element and risk
elements outweigh the higher holding cost incurred in higher priced stocks. The
significance of the risk variable is inconsistent with the findings of Tinic [14] for a
sample of NYSE stocks and Tinic and West [15] for a sample of OTC stocks. In
those studies measures of risk were statitically insignificant. Their results are
probably due to the use of less complete data. Tinic used only 19 trading days in
calculating the variance. Tinic and West were forced to use the relative difference
between high and low prices on a single day as their measure of risk. The
informational trading variable—turnover—is highly significant and has the ex-
pected positive sign. In fact this variable has the largest percentage effect on spread
with an elasticity of 1.2.

The competition variable in regression 1 is the number of different dealers listed
during the six day period. The significant negative coefficient for this variable is
consistent with the findings of Tinic and West and of Benston and Hagerman.

10 See Blume and Husic [4].
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There is some difficulty with their interpietations of the negative coefficient as
implying that competition reduced spreads since the number of dealers may be
correlated with the total amount of capital used in making markets. The best
solution to this difficulty would be explicitly to include a variable for dealer wealth.
Such data is, in theory, public information available from the SEC.!! However, a
summer’s attempt to compile a complete and accurate data file proved fruitless.
Instead regression 2 includes a proxy for dealer wealth—the log of the average
absolute daily inventory change per dealer in the stock, A1.'? This is a proxy for W,
in (2) on the assumption that wealthier dealers tended to take larger positions. The
difficulty with this variable is, of course, that it also depends on other variables in
the equation (such as the risk, o7, and willingness of the dealers to take risk, z). The
significant negative coefficient for AI implies that stocks in which the average
dealer took larger positions have lower spreads. Given the activity in the stock and
the number of dealers, it is not inappropriate to attribute the influence of AI to
differences in wealth. The important conclusion in terms of the role of competition
is that stocks with more dealers continue to have lower spreads.'®

Regression 3 takes account of the concentration of dealer activity as well as the
number of dealers. The variable C is a concentration ratio defined as the propor-
tion of total volume during the six day period accounted for by the dealer with the
greatest volume in the stock. This is a “purer” measure of competition—or the lack
thereof—than d; because it cannot be interpreted as a proxy for the amount of
wealth devoted to making markets in the stock. The significant positive coefficient
indicates that stocks in which trading is more concentrated in the top dealer tend to
have larger spreads. The beneficial effects of competition are strongly supported by
regressions 2 and 3.

In regression 4 an attempt is made to determine the relative importance of
systematic and unsystematic risk which can be derived from the market model. The
market model is

R ,=a+bR, +&, 3)

where ﬁi =return for stock i=P,/P,_,—1
R, =return for market index =1,/1,_,—1
¢;=random error term with Ee;=0, cov(e, R,)=0, cov(e, e, ,_,)=0.

11.-On its form 17a-5. The data were, however, extremely incomplete and out of date. In addition, it
takes weeks for file on each broker-dealer to be retrieved.
12.

4,

6 d
L3 3 [Pur () -sal (1)
ra; /2y =

Al=

Where Pur (j,7) and Sal (j,?) are dollar purchases and sales respectively by dealer j on day ¢ in stock i.
d; is the number of dealers in stock i.

13. These results may understate the importance of competing dealers for the following reason: If the
holding period (and therefore the risk) of any single dealer is positively related to the number of other
dealers,_spreads would be positively related to the number of dealers. The negative coefficient on d,
suggests that any such effect is more than offset by the competitive effect.
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Then
01'2 = bizorzn + 02(6’»). (4)

The first term on the RHS of (4) is the systematic risk. The second term is the
unsystematic risk which can be avoided by appropriate diversification. The two
terms on the RHS of (4) are calculated for each stock on the basis of regressions
for (3) using 52 weekly observations for the period 4/3/72-3/27/73,'* and the
sum of the logarithms is substituted for the logarithm of o?."* R,, is calculated from
the NASDAQ composite index (similar results were achieved using the NYSE
index). It proved difficult to calculate reliably the division into systematic and
unsystematic risk, and the conclusions at this point should be interpreted with
more caution than the other conclusions of the study.'s

Regression 4 shows that both systematic and unsystematic risk are statistically
significant; however, unsystematic risk is clearly more important, since it has an
elasticity of .1322 as compared with .0098 for systematic risk. This implies that
dealers are concerned about the total risk of individual stocks, a result consistent
with the model of dealers summarized here in which spread depends on the stock’s
total risk even if the dealer’s initial portfolio is well diversified.

Benston and Hagerman find systematic risk is not statistically significant and
argue this is because “expected return on the stock should compensate the dealer
for this risk.” The reason for the relevance of systematic risk in the model
summarized here is that market-making causes the dealer to move from his desired
position on the efficient risk-return frontier to a point yielding a lower level of
utility. The expected return of the stock is not sufficient compensation for the loss
of utility.

V. EQUILIBRIUM NUMBER OF DEALERS

The spread function (1) implies that an optimum scale of operations exists because
firms’ declining order costs are offset by increasing holding costs. That optimum,
denoted by Q% is 7

©)

14. The regressions were actually run in price relative rather than rate of return dimensions.
Dividends were excluded.

15. This involves some misspecification since the logarithm of the sum is not the same as the sum of
the logarithms.

16. The data covered only one year and contained the additional difficulty that prices were available
only for different days in each week. Although index values were, of course, collected for corresponding
days, the fact that returns were calculated over different time spans could cause difficulty if the market
model is not stationary. Even with reliable data there are numerous statistical difficulties in calculating
unbiased estimates of b; in (3). See, e.g., Black, Jensen, Scholes [3] and Friend and Blume [6]. The
median r2 for the 2474 individual stock regression was only .045 and the median b; was .7484 for
industrial stocks and .4724 for financial stocks.

17. Take the derivative of (1) with respect to Q;.
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Let the equilibrium number of dealers in a stock be the number demand can
support at the minimum cost output, Q. Assuming identical cost functions for all
dealers in a stock, the expression for the equilibrium number of dealers is then

dr=12%=Ip); ©
o™ ’

where |D,|=The demand for dealer services at a price for these services corres-
ponding to the optimum output level of the dealer. This can be viewed
as the expected absolute value of dollar imbalances between public
purchases and sales, which must be met by dealers.

The remaining variables are defined as in (1). Note that a, the pecentage cost of
adverse information, does not appear in (6) because it is assumed constant and
independent of output and, therefore, does not affect the optimum scale decision.

Since (6) represents a long-run equilibrium relationship, it poses some empirical
problems if precise parameter estimates are desired because the RHS of (6) will
contain transitory elements that cause parameter estimates to be biased toward
zero. The purpose of the paper is not, however, to make precise parameter
estimates of (6). Rather tests of (6) should be viewed in a more general way as tests
of whether there is any systematic way that dealers allocate themselves to stocks at
a given moment of time. Differences in numbers of dealers per stock could be
purely random and unrelated to characteristics of stocks, and this would suggest
the absence of an optimum scale of operation. However, a finding that differences
across stocks in the number of dealers are significantly related to characteristics of
stock would be (particularly in view of the possible statistical biases) strong
evidence that there is an optimum scale of operations—that certain arrangements
of dealers and stocks are better than others.

In regression 1 of Table 6 there is a highly significant positive relation between
the number of dealers and volume and riskiness of the stock.'® This implies that an
optimum scale of operations does exist and that a system of multiple dealers is
preferable to a system in which one dealer specializes in a stock. Of particular
interest is the positive coefficient on the risk variable, the variance of return. This

18. The volume variable reflects the net effect of | D,| and 7;; and in principle, the sign on the volume
variable is ambiguous. Let the terms other than r; under the square root sign in (6) be given by 4. Let
T=a/V where a is a constant >0. In other words the holding period is large for small volume and
declines as volume increases. Let |D,|=yV? where y and 6 are constants greater than zero. The
assumed imbalances during a short trading interval are larger the larger is volume, although not
necessarily by proportional amounts. Then

lnd=lnyV"+%lnA7a
=4'+(6— V.

There is a positive relation between Ind and In¥V only if § >3}, which is not necessary. The strong
positive relation which is in fact found may be due to the fact that NASDAQ dealers are also brokers
(or act-as brokers when they carry out so called riskless principal transactions). In that case demand for
their services is directly related to volume so that =1, y=1.
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TABLE 6

DEALER REGRESSIONS
Dependent= d,=number of different dealers listed during 6 day period

Independent Variables st. egor
an
a? V; Vi/T; P, b%? 62> CONST | adjr?
1 0878 2199 —.1548 1187 .4305
(9.928) (33.46) (—1.709) (-9389) 3562
2| .0213 .3546 -1.118 —.2762 .0048 4121
(2230) (3241) (—1037) (—15.05 (:0397) 4101
3 3523 —-1.127 —.2790 0093 .0080 .0501 4120
(BL7) (1044 (—15.17) (2.197) (.8197) (.3908) 4103

Notes: Regressions are run using natural logarithms of all variables. Same data base as
in Table 5.

finding is due to the fact that any single dealer would tend to take smaller positions
the riskier the stock. Since the optimum scale of operations is smaller, more firms
are required to meet a given level of volume. The turnover variable is not
statistically significant in regression 1. Tinic and West [15] also find that volume is
highly significant in determining the number of dealers in a stock; however, they
do not consider other variables.

The inclusion of the logarithm of the stock’s price in regression 2 not only results
in a highly significant negative coefficient on P but also has a substantial effect on
the other coefficients. There are several reasons for the negative coefficient on P.
First, the price level may be a partial proxy for the risk of the stock. If low priced
stocks are riskier, and if more dealers are required in risky stocks, a negative
coefficient would result. The correlation matrix in Table 5 confirms that P, and o¢?
are negatively correlated. The reduced significance of o? with the entry of P, is
probably the result of this correlation. Second, higher priced stocks require each
dealer to take a larger position on any 100 share trade. As a result fewer dealers
would be in a position to make a two sided market. Third, (and related to the
second point) is the possibility that low priced stocks tend to be more profitable
and, therefore, attract more dealers, holding other things constant. This profitabil-
ity may result from the fact that the minimum spreads of 1/8 of a point may be a
significant fraction of some prices and/or the existence of inefficiencies in the
market that cause investors to willingly pay larger transaction costs in low priced
stocks.! Note that any such inefficiency would be in addition to the excessive
volume that sometimes occurs in low priced stocks with speculative interest since
volume has already been considered.

The inclusion of P, raises the coefficient of V; from .22 to .35. This reflects the

19. The significant and puzzling role of the absolute price level of a stock has been observed
elsewhere. Blume and Husic [4] find that price level helps in predicting returns. Gould and Galai [7]
show that the price level of a stock is an important discriminator in separating stock for which put call
parity holds from those in which it does not.
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fact that ¥ and P are positively correlated causing V in regression 1 to pick up
some of the negative effect of P. Turnover became statistically significant and takes
on a larger negative coefficient. In other words, given the price of a stock, greater
turnover reduces the number of dealers and greater volume increases the number
of dealers. The significance of turnover implies that, contrary to the assumption
underlying (6), informational trading does affect the scale decision. Holding
constant other characteristics of the stock, high turnover implies fewer dealers and,
therefore, a greater scale of operation per dealer. This is sensible because it is easier
for a dealer to assess possible adverse information if trading is not dispersed among
many dealers. As a result there are economies of scale which arise from reducing
uncertainty in stocks where informational trading takes place. These potential
economies are not reflected in (6).

In regression 3 the systematic and unsystematic components of the variance are
substituted for o2. Of the two, only systematic risk is statistically significant. Thus,
it appears that long run decisions about the scale of operations and the number of
dealers in a stock are based on systematic rather than unsystematic risk, whereas
short run pricing decisions are more significantly related to unsystematic risk (see
Table 5).

VI. SuMMARY AND CONCLUSIONS

The study utilizes closing bid and ask prices for each NASDAQ stock for six
consecutive trading days in July 1973 and volume of trading for each dealer in
each NASDAQ stock during the same period. The characteristics of the NASDAQ
dealer system are described in Section II. In Section III a dealer cost function is set
out that hypothesizes a positive relation between bid-ask spreads and the riskiness
of the stock, the reluctance of the dealer to bear risk, the amount of informational
trading, the level of order costs and the lack of competition among dealers in a
stock.

An operational version of the model is tested in Section IV and supported by the
data. The risk of the stock is measured by the variance of return and by volume of
trading which determines how long the dealer is exposed to price risk. Both
variables have the expected signs (+ and — respectively) and are highly signifi-
cant. Variance of return is decomposed into its “systematic” and “unsystematic”
components. Both components are statistically significant, which is consistent with
the model used here.

The amount of information trading is measured by turnover (volume/shares
outstanding) on the grounds that trading is large relative to shares outstanding if
certain investors believe they have information that other investors and the dealers
in the stock do not have. This variable has a large and significant positive effect on
spread. Order costs and the willingness of dealers to bear risk are less readily
measured. Absolute price of the stock is entered on the grounds that fixed order
costs per trade would be spread across more dollars in high priced stocks with the
result that percentage spread would be lower the greater the price. This is in fact
the case. However, price may also be a proxy for risk or may capture the fact that
minimum spreads (of 1/8 point) are a larger percentage of low priced stocks.
Willingness of the dealers to bear risk is measured by the average absolute daily
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inventory change by dealers in a stock. Larger values are presumed to reflect a
greater amount of dealer wealth and, therefore, a greater willingness to take risk.
The negative sign on this variable (which is statistically significant) is consistent
with this interpretation. .

Competition is measured by the number of dealers in a stock and by the
concentration of trading activity in the top dealer in a stock. The statistical results
clearly demonstrate that increased competition—either in the form of more dealers
or lesser concentration, given the number of dealers—reduces spreads. These
findings have the important policy implication that arbitrarily reducing the number
of dealers in a stock would increase costs of trading on NASDAQ.

Section V shows that the number of dealers in a stock is significantly related to
characteristics of the stock. This implies that there is an optimum number of
dealers per stock and, therefore, that there is an optimum scale of operation for
each dealer in each stock. It would, therefore, be undesirable to limit the number of
dealers in a stock since such a limit forces each dealer to operate at a nonoptimal
scale thereby imposing higher than necessary costs on investors. In addition such a
limit may allow dealers to price as monopolists.

APPENDIX I: THE DaTa

The data used in this study are the closing representative bid and ask price (RBA)
for each common stock listed on the NASDAQ (National Association of Securities
Dealers Automatic Quotation) System in the six trading days between July 9
(Monday) and July 16, 1973 and the purchases and sales of each dealer in each
stock. Price quotations of individual dealers were not available. The representative
bid is the median bid; and the representative ask is the median bid plus the median
spread. The spread tends to be larger than the inside quotation which is the best
bid and best ask. Prices have been adjusted for splits and stock dividends.

Volume of an individual dealer in a stock is defined as the greater of his
purchases from and sales to non-dealer customers. There is said to be relatively
little inter-dealer trading. (See NASDAQ release, “NASDAQ Volume Reporting
Procedures,” April 1973, for a detailed description of what is included in volume.)
Since NASDAQ is a quotation system and not a transaction reporting system,
dealers are responsible for reporting their volume at the end of each day. Inventory
change is simply the difference between purchases and sales during the day.

Only common stock of U.S. companies traded exclusively in the OTC are
included in this analysis. This means that stocks also traded on the NYSE are not
included. A number of edit procedures were carried out which resulted in some
corrections and the dropping of a number of stocks. Edits included checks that two
dealers exist in each stock (a NASDAQ requirement), that price and volume
changes and spreads are not extreme, and that there be internal consistency
between total reported volume and the volume of individual dealers. There is little
basis for correction except for splits or dividends since we were supplied with the
primary data source. However, although data were not incorrect, they were
sometimes incomplete due to inactivity in the stock. Stocks were dropped if there
was not both a bid and an ask price available. The final sample was quite large and
covered over 2000 stocks and 500 dealers in the 6 day period.
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The market index used is the NASDAQ composite index. Stock return variances

and covariances with the index are calculated using the average of the RBA for one
day per week for the period 4/3/72 to 3/27/73 and 5/2/73 to 7/17/73, a total of
64 observations. These data are not ideal because the day of the week is not always
the same (the data were used for surveillance purposes) and because the time
period covered is relatively short. Use of these data was, however, preferred to the
alternative of not making the desired calculations.
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