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Abstract

Reasons for the mixed reactions to today's electronic off-exchange trading systems are examined,
and regulatory implications are explored. Information technology (IT) could provide more
automated markets, which have lower costs. Yet for an electronic trading system to form a liquid
and widely used market, a sufficient number of traders would need to make a transition away
from established trading venues and to this alternative way of trading. This transition may not
actually occur for a variety of reasons. Two tests are performed of the feasibility and the
desirability of transitions to new markets. In the first test, traders in a series of economic
experiments demonstrate an ability to make a transition and develop a critical mass of trading
activity in a newly opened market. In the second test, simulation is used to compare the floor-
based specialist auction in place in most U.S. stock exchanges today to a disintermediated
alternative employing screen-based order matching. The results indicate that reducing the role
of dealer-intermediaries can actually diminish important measures of market quality. Our
findings suggest that the low trading volumes on many off-exchange systems do not result from
traders’ inability to break away from established trading floors. Rather, today’s off-exchange
trading systems are not uniformly superior to the trading mechanisms of traditional exchanges.
Thus, regulatory actions favoring off-exchange trading systems are not warranted; but, improved
designs for IT-based trading mechanisms are needed, and when these are available, they are
likely to win significant trading volume from established exchanges. '

1. Introduction

There is considerable confusion among regulators and participants in the financial services
industry about the potential impact that may be produced by electronic aliernatives to established
securities markets such as the New York Stock Exchange (NYSE).! Securities markets
concentrate liquidity, thereby enabling buyers and sellers to meet and to transfer assets more
quickly and more efficiently. While computerization has improved elements of information
processing in markets, most trading mechanisms operate through a mix of automated and manual

! Swdies include "Securities Trading: SEC Action Needed to Address National Market Syslém

Issues" by the General Accounting Office (1990), "Electronic Bulls and Bears" by the Office of
Technology Assessment (1990) and the Securities and Exchange Commission "Market 2000 study (1994)

. This paper is an update and a substantial revision of "Evaluating the Prospects for Alternative Electronic
Securities Markets”, Proceedings, Imemational Conference on Information Systems, New York, NY, 1991,
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procedures. Information technology creates a range of new possibilities for the organization of
securities markets (Garbade, 1978),(Schwartz, 1991), (Domowitz, 1992), and can greatly facilitate
access to prices and to the market itself. Although it would initially appear a malter of
implemenﬁng appropriate market technology, there are unresolved issues about which market
mechanism is superior (Beja and Hakannson, 1979),(Cohen et al., 1986),(Stoll,1992).

Trading is a complex activity that defies simple approaches to automation, and traditional
research methods of finance are not fully developed for identifying the consequences of imple-
menting major financial information systems such as electronic stock markets. A possibility that
‘is worrisome to regulators and investors is that a new electronic market may be preferable and
socially desirable, but that the transition to such a system may be in some way blocked by the
inertia from established markets. In this case — existence of a superior alterative but a stable
equilibrium blocking the transition — regulatory policies may be needed to bring about a
transition from the entrenched market (0 the alternative system. The resolution of these issues
is clearly important to regulators, securities markets, and financial services firms.

This paper applies experimental economics and computer simulation to evaluate the
impact of electronic trading systems that are poised to draw trading volume away from today’s
established securities markets. We perform tests on two necessary conditions for the successful
adoption of an alternative trading system. First, traders today freely choose the market to which
they send their orders; in the absence of regulatory intervention, it must be possible for a
competing mechanism to draw trading volume 'away from an established market. Using
experimental economics, we test whether subjects in a laboratory setting can collectively move
their trading activity to a lower-cost, but ihitially illiquid, market. Second, it must be
demonstrated that a.proﬁosed electronic market design does in fact improve recognized measures
of market quality such as bid-ask spreads.’ ‘We test for market quality differences using
simulation models of trading in a traditional market structure and in a prevalent elecuronic market
sysiem. Both conditions for adoption are investigated.

2 Market quality refers to the cost, rapidity, fairness, and accessibility of u'ading. As Cohen,

Conroy, and Maier (1985, p. 95) note "the concept itself (market quality) appears simple ... unfortunately
the literature on the microstructure of securities markets has taught us that this criterion generally is not
directly measurable. Instead, we must use surrogates from. which to deduce the quality of the
marketptace." o
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2. Barriers to Adoption of Electronic Trading Systems

Many different trading mechanisms are used in financial markets around the world to
transform buy and sell orders into prices and executed trades.> Due to innovations in trading
and communications systems, and in response 1o investor demand, securities can now be traded
in multiple markets, and markets increasingly compete with one another to attract trading
volumes.* Additionally, in recent years, established markets have begun to face competition for
trading activity from several electronic trading alternatives.’ However, alternative electronic
trading systems that offer price discovery and automatic execution® of orders have not yet
attracted much trading activity from major stock exchanges. Two hypotheses are tested in this
paper for why liquidity has remained on established markets” The first is that the initial
illiquidity of a new market itself prevents the development of liquidity needed for transitions to

’ Markets differ on many dimensions, but two are the most significant. First, markets may use

continuous trading, or batch or call trading. In a continuous market, trades can execute at any time at
quoted bid and offer prices. In a call market, 2 single price is set at the time of a clearing to equate
supply and demand most closely, and all trading occurs at the clearing price at that time. The second
distinction is- between auction markets and dealer markets. In an auction market, investors' orders are
"exposed” to the market, and trades occur directly between investors. In a dealer market, competing

dealers or market makers post bid and offer prices at which investors can trade, and all trades involve a
dealer, '

L1

For instance, the London Stock Exchange introduced SEAQ International, a screen-based dealer
market for the shares of foreign companies, in 1985, Trading of the 600 overseas shares listed in London
averaged about £2.2 billion daily in 1994. SEAQI turnover in French, Swedish, and German stocks was
97%, 95%. and 23% respectively of turnover in the home markets in 1993, (Fact Book 1994, London
Stock Exchange) The Paris, Stockholm, and Frankfurt markets have responded with liberatization, reforms
to trading practices, and compiete replacements of their trading systems in their efforts to regain volume
in their domestic shares. o ' - ' :

5 Among these are Instinet, and the Arizona Stock Exchange (AZX) in the U.S., as well as overseas
exchanges with automated trading for cross-listed securities. Many altempts to create alternative markets
have failed to atiract significant volumes; the Globex futures market, the Cincinnati Stock Exchange, and
Ariel for U.K. equities are examples of electronically-supported trading mechanisms that did not attract
the anticipated volumes, and never seriously challenged the dominance of the established market.

6 Price discovery is the market's process for determining prices, given the flow of buy and well
orders. Automatic execution means that traders can commit to, and effect trades over a system rather than
through the telephone or a presence on a trading floor. As interpreted here, these two capabilities
characterize an electronic market system.

7 Note that established markets can automate without becoming a fully electronic markets. In 1971,
the NASDAQ system (National Association of Securities Dealers Automated Quotations) was introduced
to provide screen prices in the U.S. over-the-counter (OTC) market, which has never had a trading floor.
NASDAQ, however, is not a fully automated market; trades are executed over the phone.
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alternative trading systems. The second is that alternative electronic markets do not improve
market quality by lowering overall transactions costs. Either alone would be sufficient to explain
the lack of adoption of alternative electronic trading mechanisms. However, it is useful to

understand both in order to discern the sources of resistance and thus to determine appropriate
strategies and regulatory policies.

2.1.  Probiem Background. The question of whether to move from traditional markets, such
as the NYSE specialist marke;. to automatic trading systems is highly controversial. Of
fundamental importance is the question of efficiency and social welfare: Is the service provided
by a specialist-intermediary worth its cost? To critics, the NYSE specialists’ revenues, which
were $437 million in 1992, $566 million in 1993, and $606 million in 1994 for the 40 NYSE
specialist firms, represent a cost imposed on investors by the NYSE’'s market structure.

- While exchanges have modernized, and systems have been implemented to speed the flow
of trading orders and of market information, critical aspects of the rading process éominue to
require ma_hual intervention and exchange personnel in most major securities markets. Causes
for slow IT adoption are unclear and predictions made by experts over twenty years ago about
the extent of automation in the securities markets of the future have proven overly optimistic.
Proposals for “black box" trading to compete with and eventually displace established markets
have languished.® Loosely based on the proposals, the National Securities Trading System
(NSTS), an on-line order matching system running on a computer in New Jersey, was
implemented by the Cincinnati Stock Exchangé'(CSE) in 1978. NSTS provided a means for CSE
members to enter competing bids and offers to those available on the NYSE floor and to have
those quotes available for electronic execution. Supporters expected that a considerable share
of volume would occur through the system, but its share of the trading volume in the stocks it
handled rose to 2.0%, but then fell to 0.6% by 1983. On the rare occasions when a CSE quote
was better than that available on the NYSE the floor traders would match the CSE quote, but few
orders were attracted to the CSE. Davis (1985) noted "the failure of the National Securities
Trading System (NSTS) to capture more than a tiny portion of trading volume has undoubtedly

]

Among the earliest were Fischer Black's “automated specialist”, described in 1971, and
Mendelson’s proposed Automated Trading System (Black, 1971).(Mendelson, 1972). Since these
proposals were made, electronic order matching sysiems have been introduced that are based on a screen
display of traders’ orders to buy and sell. When prices for buy and sell orders match, trades are auto-
matically executed, and confirmations are routed to participating traders within several seconds. Securities
firms receive full market information, and use the information to submit their own orders.
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been a profound disappointment 10 black-box [electronic market system] advocates.”

Despite the perseverance of manual trading practices in major stock markets, there appear
to be several advantages to screen-based market systems. Some observers believe that "in the
long run, automated trading systems offer a richer mixture of the market information and the
anonymity necessary for trading than either the crowd or the telephone.” (Cohen, et al., 1986, p.
66) Screen markets can support 24-hour, global trading more easily. Such markets usually
function without designated intermediaries, such as the NYSE specialist; investors buy and sell
directly with one another, avoiding specialists and their dealing margins. Floor markets require
specialists or dealers, and the presence of a floor trading staff.

In evalvaung traditional market structures, there are also issues of privilege and fairness
because specialists have preferred access to information. They see the entire order book — i.e.,
the list of pending customer orders, including price and quantity — and they can gauge the
relative strength of buying and seiling interest. Traders off the NYSE floor see just the best buy
and sell orders or quotes. Critics argue this is an unfair advantage, and that specialists can trade
more intelligently than the rest of the market.” Proponents of the specialist.system maintain that
without this informational subsidy, specialists would not perform their price stabilization function,
i.e., intervening in trading to stabilize prices when there is a temporary supply-demand
imbalance.'” Furthermore, specialist activities are closely monitored, and they are restricted
from certain trading activities, and obligated to participate in other trades.

2.2. Research Hypotheses. This paper tests the validity of two hypotheses for why major
markets have not lost much liquidity to electronic trading systems. The first hypothesis is that
unaided transitions to alternative markets are not possible. Because of the risk of illiquidity

9

The relationship between transparency and intermediary profitability is best described by John
Phelan, former Chairman of the New York Stock Exchange: "Technology and communications bring
efficiency. Money is made in inefficiency. The dealer will always go for the dark. It’s the invesior that
will always pull it back to the light.” (Hansell, 1989)

19 For instance, a specialist faced with an order to sell 10,000 shares when the orders to buy at the
current bid quote total just 5,000 shares will generally "stabilize” the market by buying the remaining
5,000 shares. In the absence of the specialist, the sell order would have forced the price temporarily to
a lower level. Reducing volatility through specialist stabilization is thought to lower cost of capital and
raise valuations of NYSE-listed stocks.
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aw:iy from the establishied market," traders may be incapable of making a transition to an alter-
native market. That is, while transitions might be optimal if all traders simultaneously adopted
the new market, any individual trader might experience losses if he or she adopts too carly. If
such transitions are unlikely, the prospects for the adoption of an advantageous trading system
are weakened. This apparent contradiction between individuals' behavior in a group setting and
their profit maximizing behavior if they could be certain of other individuals' behavior makes
marke! transition questions particularly interesting to exchange officials, securities firms, and
regulators. The evidence to date is that in cases where trading systems have competed with
established markets, the established markets have typically retained the dominant share of trading,
and the electronic market remained an illiquid alternative. As Amihud et al. (1985, p. 6) point
out, "despite developments and the inherent power of electronic technology, traders have
remained wary of operating in a computerized system, especially with regard to equity orders in
the major trading arenas.” The "central market defense”, which maintains that liquid markets will
attract trading simply because they are more liquid, appears {0 hold even in the presence of
increasingly advanced market technology.

The second hypothesis is that alternative electronic markets are not desirable;, i.e. they
do not lead to improved market quality or lower overall transactions costs. As Amihud et al.
(1985, p. 6) note, "given the economic complexities of trading, we have not yet leamed how to
best structure a computerized system.” Such systems are a significant departure from the micro-
structure of U.S. stockmarkets. but it remains an open question whether screen-based onder
matching systems can improve the quality of the market. It is possible that as Amihud et al.
(1985, p. 9.) recognize, "competition in the free market might be relied on to bid away excess
profits, but competition alone does not assure that the [securities trading] industry will ever
achieve, or even evolve toward the most efficient competitive structure ... we need discretionary
planning {and} to get such planning we must look 1o the regulators.” Industry-wide coordination

efforts and regulatory intervention may be required to reach the most beneficial organization of
securities trading.

' Anilliquid market is characterized by a higher elasticity of price to trader net demand for shares.

Thus, choosing a relatively less liquid market results in trades at inferior prices; i.e., the investor buys at
higher prices and sells at lower price than those that would prevail in a more liquid market. Size of
market serves as a proxy because, as Keynes (1936, p. 26) recognized, liquidity is “vague .. having no

absolute standard”, but essential "in estimating the comparative attractions of holding different forms of
wealth.”
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Either of these two hypotheses is sufficient for exﬁlaining the slow adoption of electronic
trading mechanisms. In two independent studies, using simulation and laboratory experimental
economics, we lest these explanations.

3 Laboratory Experiments on Transitions to Alternative Markets

Although automated markets are technically feasible, trading systems do not create
markets or their liquidity; public buying and selling, and in some cases dealers or specialists, are
‘required to create liquidity and a viable market. To examine the feasibility of liquidity
developing in an alternative trading mechanism, we use a series of laboratory decision-making
experiments. A study undertaken by the U.S. Congressional Office of Technology Assessment
(OTA) in 1989, began with a strong presumption on the part of the OTA that historical precedent
and central market advantages allowed established U.S. markets to retain the majority of trading
volumes and prevented superior off-exéhange trading systems from attracting activity. We
examine this presumption in experiments that test whether traders in a group are capable of
making a transition of their trading activity to a lower-cost alternative market without explicit
direction or coordination. All trading. concentrated in the low-cost market is a Pareto prefen‘ed
outcome, but achieving it is not certain. '

Despite the perceived benefits of computerized markets, a transition to this alternative
form of trading is not assufed; the evidence is that such transitions in actual market settings are
rare.”” In many other cases, screen-based trading mechanisms that appeared to offer advantages
were ignored by traders and remained illiquid. Ariel (1974) in the U.K. for screen-based order
matching, and Intex (1984), a Bermuda-based automated futures exchange, are exampies. As the
finance field has chronicled, the dominance of an established market, it appears, is capable of

2 The prominent examples of transitions are often the result of the imposition of taxes. Market

participants appear to abhor trading taxes, and traders have demonstrated an ability to move their activities
to an alternative market when the transition was widely perceived to be advantageous. The primary and
secondary markets for Eurobonds moved to London after 1963, when the Kennedy administration imposed
the Interest Equalization Tax (IET), lowering investors’ returms on such bonds by about one percent.
London did not offer a different trading mechanism; the market remained an over-the-counter market. Yet
because trades are physically settled — certificates need to be delivered to a clearinghouse of to the contra-
party — the market derives operational benefits from a single locale, and the relocation of the Eurcbond
market represented a collective decision t0 move trading to an alternative center, After the tax was
proposed, Sigmund Warburg, the legendary British-German merchant banker, campaigned vigorously to
move the Eurobond market to London, away from the IET. IET was repealed in 1974, but the Eurobond
market has remained in London.
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preventing new, potentiaily superior trading mechanisms from atiracting a critical mass of
activity. To advocates of alternative, screen-based markets, traders often appear to be trapped
an inferior equilibrium, with the majority of trading activity remaining in an established, but
antiquated marketplace. In sharp contrast, economic theorists that have examined choice between
competing technologies with network extermalities make strong assumptions about rational
individual decision making. For instance, Katz and Shapiro (1986, p. 827) state:

"We assume that when there are multiple equilibria, consumers buying in the same
period can coordinate their purchase decisions to choose the outcome that is
Pareto preferred.”

Experimental economists, who test such behavioral assumptions, find that Pareto preferred
outcomes are rare in coordination problems. The nature of the problem posed by observable
failure to coordinate is expressed by Straub (1995):

"One very interesting aspect of the many recent economic models that exhibit
multiple Nash equilibria is the coordination problem faced by the economic agents
in these models. Specifically, it is possible that the players may fail 1o obtain an
equilibrium even if each player selects an action that supports an equilibrium
because each player may choose an action that supports a different equilibrium.
Even if the players coordinate their actions to implement a particular equilibrium,
that equilibrivm may vyield all players lower payoffs than an alternative
equilibrium. Even in the simplest games to exhibit multiple Nash equilibria
{(coordination problems and battle of the sexes) economists and game theorists
have yet to reach consensus regarding the predicted outcome, and ... the solution
to this problem has been elusive.”

Thus, although payoff-dominated outcomes (i.e., inferior outcomes) are surprising, there
is simply no a priori understanding that wouid allow prediction concerning the expected outcome
of inter-market competition, or prediction of the outcome of competition among alternative
equilibria. The outcomes need to be explored experimentally.

We next describe our experimental design and present the results of a series of
experiments. The experiments examine the occurrence of transitions to a new market, and are
based on the economic incentives and participation externality that lead to the trader's adage that
"trades attract trades.” '



Alternative Securities Trading Systems Page 9

3.1.  Experimental Design. When traders face the risk of illiquidity in a new market they may
not shift their trading there even if the new market offers lower trading costs. Total costs —
trading cost ptus market impact — may favor the established market. In particular, a new market
will remain illiquid when traders conjecture that other traders are unlikely to switch their
activities. Because there can be muitiple Nash equilibria, there is no clear prediction of the
outcome of inter-market competition. As the question of where trading will take place in the
future becomes more important and as the technological possibilities grow more numerous and
diverse, the ultimate determinants — individual but interdependent trader choices ~ remain poorly
understood.

Following Smith's principles (1982) for valid economic experimentation, we designed a
laboratory experiment to test for liquidity transitions that may occur when an alternative trading
mechanism competes with an established market. We conducted eight separate experiments,
labelled Experiments 1-7 and Experiment T. In Experiments 1-7, subjects were undergraduate
and graduate students at the University of Pennsylvania. Experiment T was an abbreviated
experiment that was conducted with eight floor traders from New York Stock Exchange member
firms. In all experiments, eight panticipants were randomly assigned to either be a buyer or a
seller. There were four in each group. In a decision round, each trader decided how to divide
10 shares across two available markets. Submitted orders could be any integer between O and
10 but had to total to 10. The experiment was made up of two parts that each consisted of 12
rounds. Two sample rounds of trading were conducied prior to the experiment to ensure subjects
understood their choice and the characteristics of the payoff they would receive. Once ail traders
correctly calculated the earnings from their choices in these example rounds, the experiment
began. The experiment instructions and record sheets are included as an appendix,

The experimental sessions lasted about two hours, and depending on their trading
performance, subjects earned between $13 and $29. The experimental design creates incentives
comparable to those in actual securities markets. In each experiment, a trader handling an order
needs to consider the impact his or her order will have on the price at which it executes, much
as he or she would have to do with a large buy or sell order for real securities. When a trader
chooses among multiple markets for real securities, the determinants of price are the balance of
buying and selling interest in a market and the overall liquidity of a market. A market with an
excess of supply (shares to sell) will see the price fall, lowering profits of sellers but raising
profits of buyers, who have the opportunity to buy in a "buyers’ market”. Similarly, too many
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orders to buy will raise the price and lower buyers’ profits but raise sellers’ earnings. The
magnitude of the price movement for a particular supply-demand imbalance is determined by the
liquidity of the market. A more liquid market will dampen price movements, while in an illiquid
market, prices may react strongly (o even small order imbalances. The earnings functions in the

experiments incorporate these factors that influence the profit from a trade in an actual securities
market.

The treatment variable uxfder experimenter control is the cost difference between the two
markets. Differences in costs between the two m_arkéls lead to different profit potentials, The
treatment variable is applied at two levels. In Experiments 1-4 and Experiment T, subjects can
eam 40% higher profits and in Experiments 5-7 they can earn 10% higher profits. Market
profitability for the traders is endogenously determined by the subjects’ decisions about where
to send their trading orders. The profitability of subjects’ trading decisions thus includes costs
(the treatment variable) and any costs imposed by the illiguidity of the markets that they send
their orders to (determined by subject choices). The outcome variable is the division of trading
volume between the two markets.

The game created by the payoff functions is a- coordination game, which has multiple
conjectural equilibria. Tacit coordination is necessary to achieve the preferred, "payoff-dominant”
equilibrium. Any division of trading activity across the two markets (e.g., 60%-40%) is
potentially a self-reinforcing Nash equilibrium. The optimal strategy for traders is to divide their
orders in the same proportion as they conjecture that trading activity will be split across the two
markets. If you believe one market will attract 60% of trading in a round, your best response
is to submit 6 there and 4 to the other. Decisions are influenced by these conjectures and by the
proportion of orders in the new market in the prior rounds of the experiment.

Part I. Subjects chose how to divide their order across two markets — Market X and Market Y
— with the same earnings function:

Buyers’ Profit per Sharey,,. x = 10¢-A[(By-Sy)/(Bx+Sy))¢
 Sellers’ Profit per Shareyx = 10¢+A[(By-S,)/(By+Sy)l¢

Buyers’ Profit per Share,,..y = 10¢-A[(By-SyV/(By+5y))¢
Sellers’ Profit per Sharey,, .y = 10¢+A[(By-Sy)/(By+S,)]¢
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Where: B = Tuotal guantity to buy in the market
S = Total quantity o sell in the market

For buyers: A = 60 if (B-5)>0 i.e. Order balance in sellers’ lavor
A =30 otherwise

For sellers: A = 60 if (B-S)<0 i.¢. Order balance in buyers' favor
A =30 otherwise

Notice that the larger, more liquid market will have a greater value of B+S, and thus will
be less sensitive to order imbalances between buyers and sellers. Also, the coefficient A lakes
on a higher value when the imbalance is unfavorable 10 a rader. This reflects the asymmetric
incentive structure under which most raders operate; they are paid a fraction of their trading
profits as a bonus, but losses can result in job termination.”” An example of the camings
calculations is presented in Table 2.

TABLE 2
Example Eamings Calculation

1]

We believe that the asymmetry in our values for A reflect real differences in traders’ incentives.
Proprictary traders at Banker Trust, who trade for the house and whose gains or losses belong to the
house, receive honuses for profits but lose their trading privileges after sustaining significant losses. On
occasion this asymmetry of incentives leads to dysfunctional incentives for proprictary traders: once a
irader has lost enough (o jeopardize his or her job, he or she may then engage in a sequence of “double
or nothing” trades in an atempt 10 cover losses before they are detected. This is individually rauonal,
since if he covers his losses he can continue trading, but the A associsted with his losses assures his
termination if they are detecied before he can cover them. This behavior has been publicized in the $350
million losses Merrill Lynch sustained as a result of a single trader in stnpped mongage-backed secunties
in the late 1980s. It also partially explains the recent behavior of the Barings trader in Singapore.
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The difference between the two markets in the first part is that Market Y only open for
trading if, after subjects have made their trading choices. a coin flip comes up heads. This
indirectly represents the conditions that traders face when an organized securities market is first
estziblished, and, due to illiquidity, traders are not assured of execution of their orders.

The objective of the first part of the game is to expose traders to the risks of an illiquid
market, and 10 establish an endogenous division of trading volume, with the majority of the
volume naturally in Market X. This creates a subject determined division of trading volume into
the two markets. Because of the risk of Market X not being sufficiently liquid, not all of the Part
I trading gathered there. The second part would niot be a valid test of freely chosen transitions
if it were merely announced that one market was more active, or had a liquidity advantage.

Part I1. At the start of the second part, an announcement is made that Market Y will no ionger
be subject to closures and that because of enhancements it can offer lower costs compared to
Market X. The execution of submitted orders to the smaller market is no fonger subject to a coin
flip. These enhancements make Market Y a lower-cost altemative to Market X, which was the
larger market in the final round of Part I; however at least initially Market X retains some
activity. In Experiments 1-4 and Experimeht' T, Market Y’s new earnings function is:

Sellers’ Profit per Shareyy, y = 14¢+A[(By-Sy)/(By+S,)]¢

The variables — B, S, and A — are as indicated above. If all .traders move their orders 1o Market
Y, they can earn 40 per cent higher profits; thus, traders receive a substantial benefit if théy are
able to coordinate their market participation decisions and make a transition of liquidity to the
new, more advantageous market. However, strategic uncertainty about how the other traders will
react to the aliernative market may lead traders to remain active in the more costly, but more
liquid, established market. As in the first part, there is a substantial penalty expected for being
in the illiquid market. | |

In Experiments 5-7, we test for the robustness of the experimental transitions by
manipulating the treatment variable, the cost advantage of the smaller, alternative market. The
advantage of the alternative market is reduced from 40 percent higher expected eaﬁ_;ings to only
10 percent higher expected earnings. In Experiments 5-7, Market Y's earnings functions are:
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Buyers’ Profit per Sharey .y = 11¢-A{(By-Sy)/(By+Sy))¢
Sellers’ Profit per Sharey, i,y = [ 124+A[(By-S¢)V/(By+Sy))¢

3.2. Experimental Results. The graphs of Experiments 1-4 in Figure 1 illustrate that, with
sufficient gains available (e.g., 40 per cent greater profit potential) from an alternative trading

mechanism, subjects appear able to move their trading activity and make transitions 10 a new
alternative market.

FIGURE 1 GOES HERE

The graphs of Experiments S to 7 in Figure 2 indicate that the relative advantage of the
alternative market influenced the transition paths away from the established market. With only
10 percent higher expected earnings, the slopes of the transition paths were flatter and indicated
a longer period until the alternative market captures a dominant share of trading volume. In
Experiment 5, there was no statistically significant transition, and in Experiments 7, the transition
was only significant at the .10 level. The relative advamage' of the altemative influences the
likelihood and speed of transitons; transitions seem less likely and less rapid when the relative
benefit of the new market is smaller. For payoff improvements greater than a critical threshold,
rational expectations are fulfilled and the alternative market is able to overcome the "liquidity

trap" and become the dominant trading mechanism. Below this threshold, the central market
defense appears to hold.

FIGURE 2 GOES HERE

The results indicate that the advantages of the alternative lead to gradual, but statistically
significant, transitions of liquidity away from the established market. - Although the traders’
profits as a group are maximized by making an immediate and complete transition to Market Y,
the extent of the strategic uncertainty leads to a fairly long period in which both markets are
active. In only one case did the alternative market attract all of the trading activity within the
12 rounds. Adoption of the altemative market over time is modeled as an exponeniial time-series
of the form: |

Market Sharey ..y = 1-Ae™

For increasing market share, this functional form is nonnegative and approaches one for large t
(period number). The graphs in Figures 1 and 2 include the fitted curves of the time series
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model. Because the results and decision pauerns of Expenment T are consistent with those
observed with student subjects, we feel confident that the trials with student subjects are reliable
indicators of practitioner behavior.

From Table 3, the t-statistics for B, the ﬁme-_éeries\coefﬁcient, indicate the market share
trends are different from zero at the .01 level of significance in- all cases when the alternative
market offered 40 percent higher expected earnings. In two experiments, the last periods were
not included in the model's estimation when these appeared to be outliers and the result of end
game behavior, which is often observed in limited-horizon experimental research. Durbin-Watson
test statistics are calculated, and provide no evidence of autocorrelated residuals or misspecifi-
cation of the model. Table 3 lists the regression parameters:

TABLE 3
Time Series Analysis: Transitions of Trading Activity
Advantage of Coefficiems - D-W  No. Periods until E(Share)

Experiment Alternative Mkt _A B R fsatstic St  of Allernative Mkt>85%

* 0% 373 086 524% 297 96t |

> 4% 506 203 907% 938  175° 6

3 40% 384 077 665% 446 2.08* 13

4 40% - 408 044 522% 3304 1.55* . 23

5 10% — - 27%  Not Significant -

6 10% 500 .047 56.2% 358  308* 26

7 10% S04 030 24.0% 1.78" 1.80* 4]
NYSE Traders 40% 491 081 226% 094" - 1s
a = Twelfth period excluded from regression # = Significant at .01 level
& = Durbin-Watson test inconclusive at 01 level * = Significant at .10 level
** = Significant at .20 level @ = Durbin-Watson test:Cannot reject null hypothesis of

nonautocorrelated residuals ac .01 level

The graphs in Figures 1 and 2 illustrate the transitions of market share away from the
relatively more costly market in the second part of experiments. The fitted curves of the time
series models are included. The results of Experiments 1-4 indicate that with the introduction
of a sufficiently advantageous alternative market, traders are capable of making a transition away
from an established market. -

3.3. Summary. The experiments demonstrate the feasibility of movements of trading activity
away from a larger, established market to a market that offers recognizable and sufficient cost
advantages. Multiple equilibria exist when several markets compete for trading activity, and in
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the absence of a robust, theoretical economic prediction, we observed trader behavior in a
controlled lab setting. Despite the initial liquidity advantage of one market, (ransitions to an
alternative market occurred when the cost advantage was greater than a threshold value. The
experimental results show that neither the assumption of realized rational expectations nor the
central market defense provides an explanation for the slow adoption of alternative screen-based
trading mechanisms. Our results suggest that a critical threshold exists and beyond this alter-
native markets overcome the "liquidity trap” and the become dominant trading mechanism, We
do not know how the difficulty of achieving coordination scales up as the number of market
participants increases; it is not clear how increasing Ipa_hicipants from eight to sevéral thousand
would affect the rate of transition. However, our evidence suggests that sufficiently enhanced
markets will succeed in attracting volume and liquidity away from established trading venues.

The failure of current electronic alternatives for formal stock exchanges therefore should
not be explained by a failure of traders to achieve a coordi_miled move to a sufficiently superior
trading mechanism. Rather, an alternative explanation éppears to be that today’s alternatives are
not yet seen by market participants as superior 10 existing njarkets. Additional factors could
complicate actual traders’ decisions, but this analysis — estﬂbliSh_ed fnérlcets will not remain more
liquid simply because of an initial liquidity advantage — should continue to hold.

4, Simulation Modeling and Analysis of Alternative Market Designs

A second experimental methodology, simulation modeling, is used to examine the quality
of disintermediated markets in order (o assess if their limited adoption could be explained through
market quality shortcomings. Simulation is used to e.:itend anatytical work by Amihud and
Mendelson (1980), Ho and Macris (1985), and others, examining the relative perforrnénce of
different securities market structures. The resuits of ptevio_tis analyses provide significant insight
into the determinants of market quality for the market structures examined, but are of limited use
for comparing the alternative markct structures available lbday._ _For instance, closed-form deri-
vations of market char_acte'ristics have been képt tr_dctabl_e by making several restrictive
assumptions; e.g., the specialist has been modeled as a moqbpoiy market maker, or all orders
have been restricied to be market orders of uﬁit size, or trading was assumed to occur in batches
at fixed points' during the day (Garbade and Silber, 1979), (M_endclson, 1987). ln actual markets,
however, the specialist faces competition from the orders of public investors, and trading in
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today’s markets usually occurs continuously. Some of the market characteristics excluded in
previous analytic approaches may be precisely those that strongly affect market quality, or that
are of specific interest to market planners. By preserving those characteristics that we are trying
to study and accommodating details of actual market mechanisms, simulation modeling can
augment the results available from closed-form modeling, and can provide insight into market
design choices that may strongly influence transactional characteristics and performance.

4.1. Comparing market mechanisms. Using simulation, we are able to compare detailed and
realistic models of two prevalent trading mechanisms. The first market design considered is a
disintermediated order matching market similar to the CATS (Computer-Assisted Trading
System) trading system introduced in Toronto in 1977. CATS's automated order matching
system is the most prevalent mechanism for electronic trading, and versions of CATS are now
in use in stock markets in Tokyo, Paris, Brussels, and Madrid. The second market structure is
a floor-based, intermediated market. Traditional trading floors have been favored by the U.S.
stock exchanges, of which the best known is the NYSE. The NYSE operates a specialist auction
market on its 37,000 square foot trading floor. While there are a number of altematives to the
NYSE and CATS trading mechanisms, these two provide an important comparison for proponents
of floor-based and automated securities markets.

In both market designs, customers may submit either limit orders — requests to buy or sell
a specified quantity at a specified limit price — or market orders, requests to buy or sell a
specified quantity immediately at the best price currently available in the market. Limit orders
are placed in a limit order book in price and time priority: the higher the bid price the customer
is willing to pay to buy, the higher the order’s placement in the book, and the lower the ask price
the customer will accept to sell, the higher the priority. Equally priced bids and equally priced
asks are placed in time-priority (FIFO) order. Because the limit price may not be reached in the
market, execution of limit orders is uncertain. Market orders to buy will execute immediately
against the first ask in the book, and market orders to sell will execute against the best bid in the
book. When submitted, limit orders will auempt to match orders already in the book; for
instance, if an investor is willing to bid at a price that is equal to or higher than the best ask, the
two orders will execute at the ask price. and if an investor is asking a price lower than or equal
to the best bid, the orders will execute at the bid.price. Otherwise, if the new limit order cannot
execute immediately, it is added to the book.
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The first market design considered is electronic order matching through a screen-based
consolidated limit order book (CLOB). The limit order book is open and visible to market
participants, who can enter limit orders, or trade immediately by matching against existing orders.
Fundamental to CATS and other order maitching markets is that investors have full information
access, and the market has no formal role for dealer intermediaries. Technology allows for the
market to be "dlsmtcnnednated" which has consequences for its performance charactensncs Our
model of a CLOB market will be descnbed below.

The second market design is based on the dominant structure for securities trading in the
U.S., a specialist floor auction market. On the New York Stock Exchange each stock has a
single registered specialist, who maintains a limit order book and sets his or her own quotes.. The
specialist sees the entire order book while traders off the NYSE floor see just the best buy and
sell orders or quotes. Limit orders entered by mveslors' at the same price as the specnahsl s bid
or offer have priority and will _execuie first. The best bid and offer prices are disseminated off
the floor, and orders are first exposed 10 the specialist, who arranges for their immediate
execution or enters them into a limit order book for execution at a later time. The specialist also
enforces rules in the auction and is prohibited from making destabilizing trades for his own
account (e.g., the specialist cannot sell shares from his own position when the market is falling).
These features are inqorporaled in our modet of the specialist market trading mechanism.

Proponents of screen-based markets argue that by facilitating the disintermediation of
trading, such systems will improve market qualny It is zirgued that without the necessity of
paying the dealer’s spread between bid and offer prlces investors will pay less to trade, more
traders will be attracted, and higher market quahty will result. The competing hypothesis is
that designated market makers, such as specialists on the New York Stock Exchange, improve
the quality of the market at a cost less than the value of the service they provide. Intermediaries
benefit investors by committing risk capital (o the market and by buffering price movements,
buying when there is a temporary excess of sell orders and selling when there is an excess of buy

14 A critic of the NYSE market design, Junius Peake notes that "the existing rules and regulations

guarantee that a professional intermediary remains involved at every step of the trading process. The
present system costs investors billions of dollars a year, which could be readily saved by moving to
automated, decentralized trading systems.” In “"Exchanges: A 10 Year Retrospective”, Wall Street &
Technology, July 1993.
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orders. The principal rule the specialist must observe is affirmative obligation, which requires
the specialist to make bid and offer quotes when limit orders do not provide sufficient liquidity.
Affirmative obligation is described in NYSE Rule 104.10(b):

In connection with the maintenance of a fair and orderly market, it is commonly
desirable that a member acting as specialist engage to a reasonable degree under
existing circumstances, in deating for his or her own account when lack of price
continuity, lack of depth; or disparity between supply and demand exists or is
reasonably to be anticipated.

That is, the specialist is ekpe_cted o buy' when there is an excess of interest on the sell side, and
sell when there is an excess on the buy side. Afﬁrmative obligation, it is argued, stabilizes prices
through the specialist’s buying for or selling from their own inventory when order flows are
temporarily imbalanced; e.g., under stochastic order arrivals, a number of sell orders may occur
in a row without a change in fundamental value of the security having occurred, and the
specialists’ trades prevent this temporary imbalance from radically lowering the market price.

In the simulation expenments the treatment variable under experimenter control is the
presence or absence of the specialist intermediary. Oulcome variables are measures of market
quality such as bid-ask spreads, round-trip transactions costs, and length of delay before a limit
order executes. We compare the two markets for a range of order flow conditions.

4.2. Components of the Market Models. In the simulation models of these two designs,
several common assumptions are made about the amval process of investors’ orders, order size,
elasticity and order placement strategies, price volanluy, and the proportions of market and limit
orders. The two simulation models were written in SimScript ILV from CACI Company. and
contained about 2,500 lines of code in total.

Order Book. Both markets are based on an order book containing investors’ orders ranked
by price and time of arrival. In the specialist market, the order book also contains the specialist’s
bid and ask quotes (Bg and Ag). Figure 3 illustrates one possible state of the order book at some
time during the tradmg day. The current highest bids to buy are at 32-7/8 for 5 units, and the

lowest offers to sell are at 33-1/8 for 10 units. Thus the bid-ask spread is currently $0.25, or
0.76% of the share price.
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Trade Prices. The state of the order book at the time of an order’s arrival determines the
trade price in both market structures. If a mirket order to sell 3 units arrives with the book as
in Figure 3, the trade price for would be 32-7/§, anid the quantity available at the unchanged bid
quote would be reduced to 2 units. If a sell ‘order for 10 units aitives with the book as in Figure
3, the trade ‘price for all 10 units would be 32-3/4, and the two orders at 32-7/8 and the one at
32-3/4 would execute and be removed from the book. The specialist, who is bidding 32-3/4, will
not participate in the trade because public limit orders have priority over specialist quotes at the
same price. If a sell order for 25 umits arrives, the trade price would be determined by the limit
price of the final bid on the book to execute. In this case, the two orders at 32-7/8, the one at
32-3/4, the specialist, whose quote is good for 10 units, and 5 of the 15 units available at 32-5/8
would execute. The trade price for all 25 vnits would be 32-5/8. For arriving orders larger than
the quantity available at the bid or offer, the rules in the simulation for estab'lishing trade prices
are based on NYSE statutes and practices. ‘Note that these rules reduce the risks associated with
placing a limit order that improves on the best available bid or offer; in the example described

above, the customers bidding 32-3/4 and 32-7/8 both purchase shares for the lower price of 32-
5/8.

- Fnﬁda'mgntal Value Diffusion. The simulation follows a standard assumption in financial
economics research: the natural logarithm of the equilibrium value evolves according to a
continuous random walk without any drift in prices'(Garbadé and Silber, 1979),(Amihud and
Mendelson, 1987). That is, equilibrium price in the models is equally likely to either rise or to
fall. The white noise term, e,, is normally distributed with variance linear in the time since the
last sample point.
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inp =1Inp, +e where, g ~ NO,To?)
= pl‘ ~ LN(Ila pl-T.'T.Gz)

Order Arrival, In the simulation, market supply and demand are price-dependent Poisson
processes, which are positively and negatively sloped respectively in price. In this model, at a
particular price, the buy and sell order interarrival times are exponentially distributed. The
supply and demand structure -follows closely those previousty developed in the market |
microstructure literature (Garman, 1976), (Mendelson, 1987). As illustrated in Figure 4, the buy
and sell order arrival rates are step functions of the difference between the quoted price and the
equilibrium value of the security. Buy and sell arrival rates are equal only at the equilibrium
value, p’. Market participants other than the specialist have access to i_nfonhation about a
security’s value (e.g., greater research into the company’s prospects). The specialist, howéver_,
can only infer p* from the book, and his or her inventory. A growing long position, for instance,
may indicate that the market quotes are 100 high and that informed investors may be profiting
by selling at these prices.

(FIGURE 4 GOES HERE)

The following equations represent the price-dependent order arrival rates.
Demand/buy orders D(p):  Ag(p.p,) =k, forp2p,
Ag(p:p’) = kytko[p,-p] for p = p-au  with o = /8, 1/4, 3/8, 1/2, 5/8, 3/4, 7/8, 1, 1-1/8, ... §
As(p.p)) =k 4k, forp’-p> 3
Supply/sell orders S(p): As(p._pt') =k, forp<p’
As(p.p") = ky+ky[p-p,) for p = p’+ot  with o = 1/8, 1/4, 3/8, 112, 5/8, 3/4, 7/8, 1, 1-1/8, ... &
As(p.p) = k,+k,d  for p-p,” > §

The constant k, reflects the proportion of arrivals that are market orders. The coefficient
k, reflects the sensitivity of buyers and sellers to discrepancies between available prices and the
equilibrium value, p’. The parameter, §, is the range around the equilibrium vatue from which
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limit prices for limit orders are generated. Al a price p, lower than the equilibrium value at the
time, p,, the arrival rate of buy orders will exceed the rate of sell order arrivals. The resulting
buy orders will exceed the quantity of sell orders for below-equilibrium values. The excess
demand will cause prices to rise since, in expectation, orders will purchase from the low offer
quotes, or add new, higher priced bid quotes. The order arrival model is symmetric, so that at
market prices below p’, the arrival rate of buy orders will exceed that of sell orders by the same
amount that the sell order arrival rate will exceed that for buy orders at market prices the same
increment above p’.

Supply, Demand, and Elasticity. The order flow in the simulation is generated by
simulated traders who are either potential buyers or sellers, bidding for, or offering, between one
and twenty-five units of the security. Traders use either limit orders or market orders. Some
limit orders will execute on arrival in the market if there is a suitable counterparty order. To
obtain the probable prices of arriving limit orders, we surveyed three NYSE specialists. The
survey asked for a breakdown by frequency of limit order prices for a stock that currently has
a $32-7/8 bid quote and a $33-1/8 offer quote. For this scenario, sell limit orders are possible
at $33, $33-1/8, $33-1/4, $33-3/8, etc., and buy limit orders are possible at $33, $32-7/8, $32-3/4,
etc. The average response converted into probability is shown in Table 3.

Pro
Dollar Amount:

above p* (sell orders)
bolow bt (buy orders) 1/8|11/4 3/8F/2 5/8| 3/4 1 1%

ILProbabilit:y 108 14%]| 14%{ 16%] 16%| 123 8% 5% ss“

Order Size. Buy and sell orders submitted to the market vary in size from 1 to 25 units.
This reflects a convenient normalization that is consistent with empirical data from the New York
Stock Exchange’s TORQ (Trades, Orders, Reports, and Quotes) database of 875,133 orders in
144 NYSE stocks between November 1990 and January 1991. The order size assumption in the
~ simulation, and the empirically observable order sizes are detailed in Table 4.
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TABLE 4

: hlityugsmncin “for Trading Order: Size-
SIMULATION: :

Order Size SRUR 5 SR 3 D o 10 : 25
Probability 50% : 30% : 10% : 5% ! 5%
— T : H 1 = H
TORQ DATA - <400 ! 401-1,000 | 1,001-2,000 2,001-5,000} > 5,000

| Order Size shares : shares ! shares | shares | shares
Empirical 51% | 26% | 11% : 9% i 4% I]
Frequency ! !

The comparison of our models of CATS trading and specialist market trading is undertaken
assuming the same conditions of order arrival. '

4.3. Specialist Policies. In the simulation, the specialist's portfolio is assumed to consist of
shares of a single stock, where Q, is the number of shares held by the specialist immediately after
a trade at time ¢ is completed. The time since the last trade is T. The position at time ¢ is
summarized by the pair (c,, v,), where ¢, is cash on hand, and v, is the value of the shares held
when marked to the current equilibrium valve. Let g, be the specialist’s total purchases (negative
for net sales, and positive for net purchases) at price p, at time ¢

- Share portfolio (No. of shares): Q=Qr+q
Cash (3 € = Cor - Qi

The value of the specialist’s position at any lime is the number of shares multiplied by the
current equilibrium value, p,’.

Value of position ($): Ve = Qp,

The specialist cannot directly observe the equilibrium price, and thus cannot use this price
to adjust quotes; rat_hcr,. the specialist follows an inventory-driven policy to set bid and ask
quotes, and also strategically adjusts his quotes in response to limit orders on the book. In the
simulation model, the policies used are consistent with the profit-maximizing specialist policies
derived by Conroy and Winkler (1981, 1986). The specialist in the simulation also observes
affirmative obligation and other NYSE rules such as public order priority. We aiso verified the
model's specialist policies by reviewing a trace of the simulation’s operations with three NYSE
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specialists. In addition, the simulation model of trading has been used by a London-based
securities firm as a training tool for their dealers to learn how to manage positions under a range

of trading conditions; it has been further verified and has received an enthusiastic response from
the firm. |

Dealers in financial markets generally maintain position limits (in dollars or shares) to
constrain their maximum risk. . A position limit reflects the amount of inventory a dealer is
willing to hold in a particular instrument. Beyond thie position limit, a dealer will adjust his bid
and offer quotes in an effort to reduce the absolute size of the position. After preliminary
analysis and discussions with NYSE specialists, we selected a position threshold of 25 units of
the security as being consistent with the scale of order flow in the simulation. If the specialist
is long or short more than 25, quotes are revised 1/8th downward or upward. Larger position
limits led to specialist losses, because the quote revisions lagged too far behind changes in the
fundamental value of the stock. Smaller position- limil.s made the simulated Specialist’s quotes

excessively sensitive to his position, and reduced the extent of specialist parucnpatlon without
contributing 10 proﬁtabﬂlty ' '

In the simulations, the specialist’s spread was set between $0.50 and $2.50 (about 1.5%
10 6.7% of the stock’s price) depending on the proportion of limit orders used by customers. The
specialist adjusts quotes using private informiation on the state of the limit order book. A
“thicker” limit order book on either the bid or offer side resuits in the specialist raising his bid
or lowering his offer, thus narrowing the spread to compete with limit orders. A thinner book
with fewer limit orders cavses the specialist to widen his spread. The inputs used led to model
output that is consistent with actual NYSE market measures. While not an explicit design goal,
the correspondence underscores the fit of the model’s behavior with actual trading conditions.
The specialist’s participation on the NYSE was a-ibout 18.4% of trading volume in 1992, and in
the model, the specialist’s participation averaged 23.5% across the 12 experimental conditions
examined. Other NYSE data that verifies the simulation model is the probability of a limit order
executing is 60.0%. which is similar to the 59.3% average obtained in the simulations. Several
attributes that are measurable in the model are not available for the actual NYSE market. For
instance, we can track the round-trip transactions costs in the simulation, while this is
unobservable in the actual market since it is not known whether a trade is opening an investment
position or closing it.
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4.4. Experimental Design. The analysis of the two markets is based on an experimental
design using 12 sets of trading conditions. The 2x4x3 factorial design compares the two markets
under four different values for the ratio of limit to market orders, and under three different
market activity levels (active, average, and inactive). Based on applicable measures of market
performance we assessed the alternative designs. Limit orders are set to 45, 55, 65, and 75
percent of total order flow, with market orders from investors accounting for the other orders.'
The initial equilibrium value is set 10 $33.00. The equilibrium price varies according to a
random walk process thereafter with standard deviation of daily retums of 2.25%, or about the
median volatility of stocks in the S&P500 porifolio. We consider stocks with mean interarrival

times between orders of 20 seconds (active), 4 minutes. (average activity), and 20 minutes
(inactive).

In the simulations, limit orders cancel after a fixed period of time. In an informal survey
of NYSE specialists, we determined that limit order durations are inversely proportional to the
trading activity in a stock; i.e., limit orders in less active stocks remain in the limit order book
for a ldnger period before cancellation than those for active stocks. We use the average of the
estimates provided to us by the specialists. Limit orders that remain unexecuted after 4 hours
(active), 6.5 hours (average activity), and 19.5 hours (inactive) of trading time are canceled.

A change in a market's structure. from a specialist-auction 10 a CATS market system -
would likely change the order submission choices of investors. However, even a simple model
in which there is some adjustment of the order arrival process would rely on arbitrary
assumptions of what that response would be. Instead of making these arbitrary assumptions on
investor profit maximizing strategy under new market conditions, we attempt to determine how
much change in individual investors’ use of limit orders would be required — in aggregate — to
achieve equivalent market quality after the removal of a specialist intermediary. We accomplish
this through sensitivity analysis, varying the percentage of limit orders employed and observing
measures of market quality, but without attempting to devise a model that would explain the

15 In 1989, limit orders were 51% of the orders entered and 77% of the order volume entered on the

DOT (Designated Order Turnaround) system, which itself accounts for 85% of all NYSE orders (Research,
1990).
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change in individual behavior." In assessing the two market structures, the simulation compares
the markets across a range of investor strategies (i.e.. limit orders making up 45%. 55%, 65%,
and 75% of total order Mlow). In Section 4.6, we use sensitivity analysis 1o assess the necessary
changes to the investor behavior for the two markets 1o have equivalent market quality measures.

4.5. Experimental Results. Table 6 presents the averages over eight runs of 12 sets of
experiments. For each of three- activity levels and each of four ratios of limit orders 1o market
orders, observed measures of market quality are shown. [In ecach cell, the results for order
maiching systems are presented above, and directly below is the corresponding measure for the
specialist market under identical order flow conditions.

TABLE 6
mental Desi Average Measures of Market Quality Two aliernative market structures are
compared under identical order flow conditions, Order maiching system results are underlined and on
the top of each cell. and specialist miarkel resalis are below.
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Thus we follow Garman (1976), who notes (hat microstructure sludy is "concerned with aggregale
market behavior and adopts the attinude of the physicist who cares not whether his individual particles

possess rationality, free will, blind ignorance or whatever, ... and goes on 1o treat the collection of market
agents as a statistical ensemble.”
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The resuits in Table 6 indicate the iwo trading structures have significantly different
market quality characteristics under equivalent order flows. These differences are most
pronounced when the percentage of limit orders is lowest. Figure 5 presents the averages of bid-
ask spread of eight replications each covering 40, 300, or 1,500 days of trading in a stock. A
round-trip represents the act of buying and later selling during the 60 day period. Market quality
as measured by bid-ask spreads is better in the specialist market 5lﬁlough increased levels of limit
order use reduce the relative disadvantage of order matching systems.

‘We noted that the change in the market's structure from a specialist-auction to a CATS
market system would likely change the optimal order placement strategy for a rational investor.
It would have been ideal if we were able to base the order flow model in our simulation on an
optimal bidding strategy for competiti've traders in a continuous double auction that was adjusted
for the presence of a specialist and the state of the order book at any point in time. This could
rely on individual investors income streams, budget constraints, and axioms of rational choice
over stochastic phyoft's " 'The tractability and computational problems would be immense, and
would likely rely on numerous bold or inaccurate assumptions; moreover the actual behavior of
investors would no doubt differ from these normative strategies in complex and unforeseen ways.
We therefore do not attempt to develop two optimal strategies, nor do we presume that investors’
strategies will not change. Rather, as noted above, we use sensitivity analysis to explore how
much investor strategies would need to change to assure that the disintermediated CATS market
has equivalent market quality. Holding our order flow assumptions constant, but varying the
parameters, allows us 10 compare the two market structutes. Figure S indicates that a sufficient
increase in investors’ use of limit orders leads to spreads that are equal in the two market

designs. As indicated, limit orders provide llquldlty. and sufficient increases in their use may
obviate the need for the specialist.

FIGURE 5
Market Qua!zl! Cogga.risog_ of Two Market Structures. The bid-ask spreads in the two market

structures are compared under 12 experimental conditions. Each of the 12 comparisons is the average
over eight simmlation runs in each market design.

(FIGURE 5 GOES HERE)

A round-trip transaction (abbreviated RT) using market orders pays a cost due to the
spread between bid and offer prices, while a round-trip using limit orders realizes a gain from
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selling at the higher offer price and buying at the lower bid price. Limit orders, however, face
the risk of not executing and the risk that the price will move adversely while they are on the
book. Even with the same order arrival patterns, the two market structures perform differently. .
Figure 6 illustrates that round trip transactions costs for market orders are lower without a
spectalist only in the case of an inactive stock, and with limit orders making up 75 percent of

the total order flow. The market quality differences between the two structures are Figure 6 and
anure 7. . -

FIGURE 6

Market Quality Comparison of Two Market Structures. (over 8 Runs in Each Market Design) The costs

of & round-trip investment made using market orders in the (wo market structures are compared under
12 experimental conditions. Each of the 12 comparisons is the average over eight simulation runs in
each market design.

(FIGURE 6 GOES HERE )

In the simulations, as in actual markets, full trading costs are greater for orders of greater
quantity.. Traders often refer to the “market impact” of a large buy or sell order. A trader using
a large market order to buy securities will pay a premium above the price at which a smalier
order would trade: The premium compensates the counterparty to a large trade for the greater
risk of the position they are left with. Large sellers, likewise, will receive a discounted price for
their securmes when they trade using market orders. In the models, market impact occurs when
the quantlty available at the bid or offer quote is msufﬁcxent. A large sell order, for instance,
may trade against blds at successively lower prices. As Figure 7 illustrates, the simulation results
show that adverse price movement — the buyer premium or seller discount — caused by a large
trade is smaller in the simulated specialist market. For instance, under average order armrival
conditions in the specialist market, thc round-trip costs for an average size trade are just under
2.0% of the security’s price, and for tades four times larger costs are 2.9%, while in the order
matching market costs are 2.9% for an average size trade and 4.3% for large trades. Costs and
premiums shown are averages for 32 simulation runs with limit orders set to 45, 55, 65 and 75
percent {eight runs each). “

FIGURE 7

Market Quality Comparison of Two Market Structures, The avernge price impact of a large market

order in the two market structures are compared under 12 experimental conditions. Each of the 3
comparisons is the average over 32 simulation runs in each market design.



Alternative Securities Trading Systems Page 28
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4.6. - Discussion. Significant differences exist between the performance measures of the market
structures even when compared under identical conditions of order arrival. Critical market
quality measures including market spreads, the cost of executing a round-trip transaction with
market orders, and market impact of larger orders, are considerably improved by specialist
participation. In addition, the execution of arriving orders is more likely to be delayed in the
disintermediated order matching design. The simulation shows that the extent of these market

quality differences, however, is a function of the trading conditions examined, in particular
investors’ use of limit orders.

Although limit order execution is probably improved in the diSimermedialed market
design, this appears to be offset by a reduction in market quality for market orders. Without a
specialist and without the specialist’s quotes improving on the book orders, limit orders have a
higher probability of executing, execute faster, and at a more advantageous price; not
surprisingly, at least some of this benefit for users of limit orders comes from the fact that the
specialist would otherwise be competing, and would be offering a better price to market orders.
Those limit orders that are offering 10 buy too low, or sell too high, do not execute when the
specialist is present; those orders that execute are those that are priced more fairly, and even
these may now have to wait. Users of limit orders who price them least competitively will be
disadvantaged by this competition from the specialist. Clearly, however, users of market orders
benefit from specialists’ participation. In addition, the intermediation of a specialist is shown to
moderate the market impact of large wrades. |

The market quality differences detailed in Table 6 indicate that a dealer-intermediary
earning positive profits improves market quality on several dimensions, and electronic market
designs that eliminate or reduce the role of dealer-intermediaries may not in fact be in the best
interests of all market participants. On the basis of the simulations, we can interpret activities
of the specialist as lowering transactions costs for market orders, while reducing the probability
of execution for limit orders that would otherwise opportunisticaily buy at low prices and sell at
high prices when a temporary order imbalance exists. The specialist’s patticipation aiso helps
to maintain price continuity, so that trade-to-trade price fluctuations are reduced.
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A sufficient increase in investors’ use of limit orders can iead to spreads that are equal
in the two market designs (see Figure 5). Hence, for order matching sysiems to provide
comparable market quality, there needs to be dramatically increased use of patient, limit order
trading strategies by investors.”” Without a rise in such liquidity-providing limit orders, there
1s a strong argument for a special class of market participants — such as the specialist — with
lower transactions costs, affirmative obligation, and some preferential access to information in
the order book. The results here indicate that their participation adds liquidity and enhances
market quality. '

S. Contribution and Future Research Plan

The research employs two methodologies for analyzing the value and potential impact of
electronic trading systems; its results have several significant policy implications. We examined
the ability of experimental subjects, acting as traders, to coordinate their activity on a better
market. We found that under experimental conditions that did not allow for direct
communication between market participants, sufficiently attractive alternative markets are capable
of drawing liquidity away from an established market. The comparison of a simulated specialist
market with a simulation of the most prevalent electronic trading system revealed that the
operations of a dealer-intermediary can enhance several measures of market quality. - Together,
these results imply that transitions to alternative trading mechanism are feasible, but that the
electronic market design generally considered the best at-present (an open limit order book with
disintermediated order matching) is not uniformly preferable relative to the market structure in
use on the major U.S. stock exchanges (specialist pius limit order book). The design of
aiternative electronic trading systems and accompanying alternative regimes for regulation of
markets produce trade-offs among market participants. For instance, investors may have lower
trading costs in a certain trading mechanism, but intermediaries’ profits may fall. Patient
investors that use limit orders to trade may prefer a particular market structure, while active
investors that use market orders for trading immediacy may be better served in a market with
greater levels of intermediation. Our results suggest that, at least in an experimental setting,
when an electronic trading system does represent an improvement over the established market

Y7 Detailed results including other performance measures are availabie in Weber (1991).
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design, its adoption is unlikely to be hindered by traders’ inability to coordinate their trading
activities explicitly.

The experimental methods employed here provide insight into the evolution of competing
markets, which in turn contributes insight into the appropriate regulatory response. Since traders
apparently would be capable of moving to a more attractive, lower cost market despite its initial
lack of liquidity, regulatory intervention to influence traders’ choice and market technology is
inappropriate at this time. In light of our findings, efforts should be made to evaluate other
electronic market designs that could provide clear and demonstrable improvements in market
quality. Hybrid designs have been proposed and are described in Amihud and Mendelson (1988)
and Waters (1990). Suggestions have been made for integrated continuous and cail auction
trading, or competing market makers augmented by a consolidated limit order book, as is under
consideration for the London stock market, or the addition of single-price crossing auctions in
the market’s off-hours, as recenty introduced on the New York Stock Exchange.

While this research analyzes the effects of traditional dealer imermediaries.'assessing the
relative merits of traditional markets and electronic alternatives remains a complex issue.
Effectively forecasting IT adoption in securities trading will remain difficult, but we have shown
that experimental economics and discreie event computer simulation are valuable methodologies
for assessing the impacts of IT on market participants. The implications of the work are

significant to various stakeholders, including exchanges, their regulators, and trading systems
developers.
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FIGURE 1|
The average share of trading activity in Market Y in Part 1 ranged from about 30% to
50% as subjects varied the portion of their orders to the two markets. A transition of
trading activity away from the established Market X occurs in Part 2 when Market Y has
a cost advantage.
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FIGURE 2
When the relative advantage of the alternatwc market is reduced transitions are less
likely and less rapid. Experiment T was an shortened experlment was conducted with

eight floor traders from New York Stock Exchange member ﬁrms
decision patterns were similar to students.

The results and
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Stochastic purchase (demand) and sell (supply) order arrival rates for an equilibrium value of $33.00.
Order intensity increases for buy orders at market prices lower than equilibrium value, and decreases for
sell orders. Order intensity increases for sell orders at market prices higher than equilibrium value, and

decreases for buy orders.

- FIGURE 4
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Market spreads (as s percent of price) for markets with and without a specialist are compared for three
different levels of order intensity to represent stocks that trade actively, with average activity, and
inactively. Under all conditions, the participation of the specialist reduces spreads compared to the
disintermediated, order matching market. The speciatist's contribution to market quality is greatest when
the percentage of limit orders is lowest, and decreases as investors’ use of limit orders increases.
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'FIGURE 6

Average transactions costs (as a percent of price) for round-trip (RT, purchase and later sale) investments
made with market orders for a market with and a market without a specialist. The costs of market orders
whose executions are delayed are increased 5 percent; e.g., if the RT cost is 3% without delay, then the
RT cost will be 8% if either the purchase or sale is delayed because of inadequate quantities on the order
book. Costs are compared for three different levels of order intensity to represent stocks that trade
actively, with average activity, and inactively. Under most coaditions, the participation of the specialist
reduces transactions costs. The specialist's contribution to market quality is greatest when the percentage
of limit orders is lowest, and decreases as investors' use of limit orders increases.
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: FIGURE 7
Average fransactions costs (as a percent of price) for the average trade size (dark shaded), and size
premiums (added cost for a trade 4 times larger) for round-trip investments made with market orders for
markets with, and without a specialist. Costs and premivms are compared for three different levels of
order intensity levels to represeat stocks that trade actively, with average activity, and inactively. The
specialist's ability to reduce market impact is greatest for more actively traded shares.
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Appendix

Experimental Instructions and Subject Record Sheets

Introduction

Welcome, This is an experiment in market decision making. Various research sponsors have provided
funds for this research. The instructions are straightforward and if you follow them carefully and make
good decisions you can earn a considerable amount of money, which will be paid to you in cash.

This experiment will consist of a series of decision making periods. In each period you will make choices
separately and independently of the other participants. Payoffs will be made depending on your choice
and the choices of the other participants.

General Instructions

Each of you have been randomly assigned to be a member of the buyer group or the sefler group.
Members of the buyer group have "BUYER" marked on their folders, and a number (for example
BUYER 4). Each of you will be assigned a work place. You will communicate with the experimenter
with messages, and [ wil! be nearby to answer questions if they arise. You are asked not to discuss the
experiment with the other traders.

In this experiment there will be two market games. Each game consists of 12 rounds. A round involves
individual trading decisions made at the same time by each of the 4 buyers and 4 sellers. Based on your
decision, and the decisions of others, you will have a profit or loss in that round. You will keep a record

of your trading account and you will be paid based on the amount in your account at the end of the
experiment.

Choices in Each Decision Round
Two markets are available in which you can buy or sell. In a round, each trader has an assigned guantity
of 10 shares to buy or 10 shares to sell. This quantity can be divided across the two markets whatever

way you feel is best. Choices can be any round number between 0 and 10, but the total must be 10.

The markets are labeied X and Y. Trading decisions have an effect on prices in the two markets, and
also have an effect on your earnings.



Earnings from Ch‘_’i_“ﬁ?

Dependmg on the amounts to buy and to sell a buyer s pmﬁt and a se!ler s proﬁt are determined for
each market. Profits for buyers and profits for sellersin a market may be d;fferem and will vary ‘based
on the outcome: -

* 'lfnhe quamix}-tobuyandmequauuty:osefhn amarketarezhesame buyersam' o
sellers submitting the same amount earn equal profits. '

> When more units are offered to seﬂ rhan to buy, seﬂers earnings are reduced and
buyers earn more.

zif rham are more, units to buy than to sel! buyers earnings are reduced and seilers
2 ay €QITL-MOrE. '

At the end.of each round, the total quantities submitted to each market will be announced and you will
calculate your earnings. The earning points are "Canadlan cents For mstance "l 2" s $0 01, and
120" is $1.00. ' '
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Specific Instructions for Sellers .

You will be submitting quantities to sell to the market. Your earnings will be determined by your actions
and the actions of the other traders. Your earnings are given by the following functions; ..

Market X:

Sellers Earnings per Share in Market X = 10 +:A*(Imbalance in Market X). -
Market Y:

Sellers Earnings per Share in Market Y = 10 + A=(Imbalance in Market Y)
where: Imbalance =

and A is 30 or 60 depending on the direction of the imbalance:

if the Imbalance is greater than zero —> A=130

[V 4

if the Imbalance is less than zero —> A =60
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Two numbers determine the earnings in a market. First the number of shares to buy minus the pumber
of shares to sell, and second the total amount submitted to that market. Notice that:

because there are 40 shares to buy and 40 shares to sell in each round, the imbalance
in one market must be the opposite of the imbalance in the other market, for example
2and —-2. -

if shares to0 s¢l] outnumber shares to byy in a market by more than 40% the earnings
for sellers in that market will be negative -

All sellers have the same earnings function, and the buyers’ profit function is the same except the sign
in the second term is negative:
Buvers: Buyers Earnings per Share in Market Xor Y =
10— A=(Imbalance in Market X or Y) -
and A is 30 or 60 depending on the direction of the imbalance:

if the imbalance is fess than zero (i.e., there

are more shares to sell than shares to buy) —> A=730
or
if the imbalance is greater than zero —> A =60

For buyers, if shares to buy outnumber shares to gell in a market, the buyers earnings in that market can
be negative.
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S - Specific ThstRuctions for Buyers . -
You will be submitting-quantities to buy to the market. Your earnings will be-determined by your actions
and the actions of the other traders. Your eatfiings #fe §ivén'by the following functions: . |

E

Buyers Earnings per Share in Market Y = 10 — Asx(Imbalance in Maf_ke;_,_._-\__’ ).

B SRS KGO S S TPS I VIS

where: Imbalance =

and A is 30 or 60 depending on the direction of the imbalaiice

if the Imbalance is greater than zero =~ -=> A =60

o

if the Imbalance is less than zerd | —-> A .-—'-”.30



Appendix: Experiment Instructions and Record Sheets . _ Page 6

Two numbers determine the earnings in a market. - First the pumber of shares to buy minus the number
of shares to sell, and second the total amount submitted to that market. Notice that:

*  because there are 40 shares to buy and 40 shares to seil in each round, the imbalance

in one market must be the opposite of the imbalance in the other market, for example
2and 2. -

if shares to buy outnumber shares to sgj] in a market by more than 40% the earnings
for buyers in that market will be negative

All buyers have the same earnings function, and the seliers’ profit function is the same except the sign
in the second term is positive:
Sellers: Sellers Earnings per Share in Market X or Y =

10+ A*(Imbalance in Market X or Y)

and A is 30 or 60 depending on the direction of the imbalance: _

if the imbalance is less than zero (i.e., there

are more shares to sell than shares to buy) —-> A =60
or
if the imbalance is greafer than zero -—> A=130

For sellers, if shares to gell outnumber shares 1o buy in a market, the sellers earnings in that market can
be negative.
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The following example illustrates the use of your record sheet:

Example. Your choice is 3 to Market X and 7 to Market Y. In Market X, the buyers submit a total of
20 shares to buy, and sellers in total submit 15 shares to sell. The total imbalance in X is 20—15 = +5
(more shares to buy than to sell, so A=30 for sellers and A=60 for buyers), and the quantity in X is 35,
S0: o -

Seller Earnings per Share in Market X =

_ 10 + A+(Imbalance in Market X)
= 10 + 30%20-15)/35 = 10 + 150/35 = 14.29

In Market Y, the -'iiuyers have subrhit a total of 20 shares to buy, and seilers in total have submit 25

shares to sell. The imbalance is —5 (more shares 1o sell than to buy and A=60 for sellers), and:
Seller Earnings per Share in Market Y =

10 + A*(Imbalance in Market X)
= 10 + 60*(20-25)/45 = 10-300/45 = 3.33

Sample Record Sheet for Seller (_

I= A= Q= P= P=X and
B S B-S  30,,, B+S 10+A1/Q PsY
Your Total Total Total or Total Profit Total
Market  Choice; To Buy To Sell Imbalance 60,., Quantity Per Share _Profit
Period
X:
1
Y:

Total: 10
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Work Out the Total Profit in these Examples

Example 1. Your choice is 4 to Market X and 6 to Market Y. 'In-Market X, the buyers submit a total
of 8 shares to buy, and sellers in total submit 19 shares to sell. In Market Y, the buyers have submit a
total of 32 shares to buy, and sellers in total have submit:21 shares to sell.

Example 2. Your choice is 0 to Market X and 10 to Market Y. In Market X, the buyers submit a total
of 6 shares to buy, and sellers in total submit 9 shares to sell. In Market Y, the buyers have submit a

total of 34 shares to buy, and sellers in total have submit 31 shares to sell.

Sample Record Sheet for Seller §

I= A= Q= P= PsXand
B S B-S 30, B+S 10+As/Q PsY
Your Total . Total Total or Total Profit Total
Market Choicer  To Byy To Seli Imbalance 60,. o_Qua.nmLEc.ﬁbu_Emﬁt_
Period
X:
1
Y:
Total: 10
Period
X:
2
Y:

Totai: 10
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Instructions for Game 1

All traders have an assigned quantity of 10 shares 1o trade. The total number of shares in the market is
80. You are asked to decide what amourit between 0 and 10'to submit to each of the markets. The
earnings calculation is applied to each market separately according to the function at the top of your
record sheet. Mark the separate amounts for Market X and Market Y on your record sheet. When you

are ready, an experimenter will walk by to note your quantity.

Once all the choices are made, buyer and seller quantities for both markets in that round will be
announced. Market X is subject to "disruptions” and will only have a 50% chance of trades occuring
in a particular round. An 6rdinar)r coin will be flipped, and heads will indicate that Market X is open.
Tails will mean that there is no trading in Market X, and earnings will be zero. Market Y has no

distruptions and trading will always occur.
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RECORD SHEET FOR SELLER
GAME 1 . = A=a % :Q=.P=_: PXand

B S B-S 30, B+S 10+As/Q PsY

Your =
Period
X:
1
Y

Total: . 10

Total: -~ 10

Total: 10

Total_: 10
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Instructions for Game II

An alternative market, Market W, is now ‘available that has lower transactions costs per share than
Market X or Market Y. Earmngs will be calculated on your record sheet in a similar way, except that
Market W's earnings function is 14 +As1/Q for sellers and 14— A»1/Q for buyers; I and Q are determined
by the orders submitted to '

Market W.

The market that had the largest quantity in the last period of Game I — Market __ - has the same
earnings function as before: 10+ A+1/Q, where I and Q are determined by the orders submitted to this
market. The smaller market at the end of Game I is no longer available.

In Game I, you continue to dividg your submission across the markets in any way you want. After
everyone has made their choices; buyer.and sefler quantities for that round will be announced. Mark
these on your record sheet, and determine your profits. The earnings calculation is applied to each

market separately according the functions given on your record sheet.
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RECORD SHEET FOR SELLER

GAME Il I= . A= Q=  P= P+ and
B S B-S 30, B+S 10+As[/Q Psw
“ Your:" - Total . Total: Total - or  Total I4+A*IIQ Total

Macket . Choice: mmmm&‘ommmﬁmmm
Period =~ . . .

1 o
W:

Total: _ 10
W: o _

Total: . 10

Total: 10

4= —_—
W

Total: 10

5 —_— —_—
W:

Total: 10

6 T
W:

Total: 10
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TOTAL EARNINGS

GAME 1

Perinds 1-6

Periods 7-12

SUB-TOTAL

GAME 11

Perinds 1-6

Periods 7-12

SUB-TOTAL

TOTAL

Divide TOTAL by 120 and round up to nearest U.S. dollar,
(eg. 1,820 is $15.17, which rounds to $16)

$ TOTAL
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QUESTIONS

What did you feel was the likely difference in outcomes by submitting 10 shares to one
market or 5 to both markets? .

In Game I, how did you decide initially (Round 1) what amounts to submit to Market
X and Market Y?

In Game II, how did think the outcomes would change as a result of the different costs

in the two markets?



