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Abstract
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1. Introduction

Market exchange does not take place in an institutional void but in aframework that specifies the actions,

messages, information and contracting opportunities available to the market participants. These
ingtitutional "rules of the game" serve to match potentia trading partners, convey and aggregate
information about their willingness to buy and/or sell, and allow them to sign binding contracts. The details
of these market institutions have not received much attention in the neoclassical (Walrasian) theory of
market clearing equilibria. New Institutional Economics and devel opments in market microstructure theory
have put market institutions on the agenda of economic inquiry, however.

In thefield an enormous variety of different market institutions can be observed. For example, the
process of matching and bargaining at a bazaar is completely different from the rules that govern financia
markets; the typical (Dutch) rules at flower auctions are different from the (English) rules at art auctions;
real estate is sold both at auctions and by means of direct negotiations. Both empirical and experimental
work has shown that the ingtitutional framework within which trading takes placeis consequential. It may
influence the efficiency of the market outcome, the speed of convergence towards equilibrium, and the
distribution of the surplus over the market participants (see e.g., Lusht (1997), and Stoll and Whaley
(1990) for empirical evidence, and Holt (1995) and Plott (1982) for experimental evidence).

In view of this diversity of market institutions, an important question concernsthe origin and the
determinants of these ingtitutional differences. One of the main hypotheses of New Institutional Economics
isthat market ingtitutions are shaped by transactions costs. It takes resources to search for trading partners,
gather information, negotiate the terms of trade, and to monitor and enforce these terms. New Ingtitutional
Economics postulates that market institutions provide incentives for trade and that they do so in way that
minimizes transaction costs.

In the present paper we put this hypothesis to an experimental test. We examine whether
transactions costs are a driving force behind the nature of market institutions. Specifically, we set up a
trading environment in which some of the rules of interaction are endogenous, that is, determined by the
decisions of theindividual traders. We study whether these rules adjust to the introduction of exogenous
transaction costs, and, in particular, whether this adjustment is efficient. Efficiency requires, firstly, that
avoidable transaction costs are in fact avoided, and, secondly, that the market ingtitution servesits function

to inform and match potentia trading partners such that potential gains from trade are realized™

! In order to assess the performance of endogenously emerging market institutions one could of course
investigate field data and historical evidence. However, environmental factors like demand and supply
structure, product characteristics, transactions costs etc. which are decisive for the assessment of trading
outcomes are often not well-documented. These problems, arising from the lack of control and
observability can be overcome by an experimental investigation where the experimenter can design and
control the environment. Therefore, the properties of trading institutions can be easily evaluated in a
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Whether market institution arise and adjust efficiently is a matter of some debate among
institutional economists. Some tend to answer this question affirmatively. Hayek (1967) is one proponent
of the proposition that markets, if left to their own, will develop institutional rules which alow them to
function efficiently. This "Hayekian" position, which has a clear functionalist flavor to it, can also be
discerned in the writings of Klein et a. (1978), and Williamson (1975). Others are much less optimistic,
though. For example, North (1990, 1993) points out that institutions will tend to serve the interests of those
that have the power to change them, and, furthermore, that the emergence of efficient institutions may be
hindered by public goods problems. Also, bounded rationality may prevent efficient institutions from
forming (see also Roth 1984). Ancther possibility is that, once an ingtitution has come into place, the rules
may become entrenched, or, a leadt, that its further evolution may be path-dependent (see also Friedman,
1993). Hence, according to this more "Northian” view, there is no guarantee that evolutionary or
competitive forces lead to efficient outcomes.

The purpose of market ingtitutions is to match potential trading partners and to provide them with
the necessary information to form efficient contracts. Hence, differencesin the information structure and
the matching procedure can be expected to have a substantial impact on the performance of different
market institutions. This expectation is strongly confirmed by the experimental literature. On the one hand
there is the well-known experimenta result that the continuous double auction (DA) is atype of trading
ingtitution that seems to invariably generate outcomes consistent with the predictions of the competitive
model (see Smith 1962, 1964). Thisingtitution allows traders to make bids (offers to buy) and asks (offers
to sdll) and to accept other traders offers at any moment. Hence, al traders are informed about all
outstanding bids and asks as well as about all realized trades. As a consequence, the process of price
formation and matching is a public and multilateral process. At the opposite extreme is a market with
decentralized matching and private bilateral bargaining. This is the ingtitution originally employed by
Chamberlin (1948) in the very first experimental market study (see aso the so-caled "telephone markets'
in Grether and Plott, 1984, and Hong and Plott, 1982). Under this institution traders are restricted to
contact other traders only one by one, and the offers, counteroffers and contracts made in these bilatera
encounters are not revealed to other traders. This decentralized bargaining market (DBM) was found to
generate inefficient outcomes, incongruent with the competitive modd (see aso Kirchsteiger, Niederle and
Potters 1998).

In the present study, we endogenize the information structure and matching procedure of the
market. When atrader submits an offer, she decides who will be informed about this offer and to whom
it applies. She can choose to inform any number of traders from both the own and the other market side

about her offer. If a potential trading partner isinformed about an offer, it also applies to her. Hence, if

market experiment.



each trader always chooses to inform every other trader about her offer, the information structure of the
market isidentical to that of adouble auction - every trader is always informed about al outstanding offers
and every offer appliesto every potential trading partner. In that case the market mechanismisin effect
adouble auction with a centralized information and matching structure. If, on the other hand, each trader
always chooses to inform only one other trader about her offer, price formation and matching are a
completely decentralized process as in Chamberlin's experiment.

In order to investigate the impact of transaction costs we employ one-sided transaction costs.
Whereas sellers have no transaction costs to bear, a buyer has to bear small, but positive transaction costs
for every other trader he informs about an offer she makes. Note that one-sided transaction costs allow in
principle for the possibility that trade takes place without traders incurring any costs. This allows for a
unambiguous assessment of the efficiency of the market outcome. Furthermore, transaction cost can be
avoided by the emergence of aone sided institution, where only sellers make offers, but buyers retain from
making bids. Hence, one sided costs allow for aclear prediction of the institution if its emergence isindeed
shaped by the transaction costs.

Our paper is organized as follows. In the next section we describe the experimental design. In

Section 3 we present the results, and Section 4 contains a concluding discussion.

2. Experimental Design

Our experimental design consisted of three treatment conditions. In the first treatment, we investigated the
endogenous emergence of market institutions in the presence of transaction costs. When making an offer,
atrader not only specified the price at which he was prepared to trade, but he a so indicated which subset
of the other traders he wanted the offer to apply to and he wished to inform about the offer. No transaction
costs were imposed on sellers, but a buyer had to bear small, but positive transaction costs for every trader
he informed about a bid he made. We called this the transaction costs (TC) treatment. We aso employed
two control treatments. To control for the effect of the transaction costs, we run experiments where not
only the sellers but a so the buyers could costlessly make offers and inform other traders about them. This
was the no transaction cost (NTC) treatment®. Furthermore, we aso looked at experiments without
transaction costs in which the rules of the double auction were exogenously given (DA treatment). Since
the DA has been found to be the most efficient institution in market experiments, this control treatment

allows us to assess the efficiency properties of the NTC treatment. Apart from these institutional

Using such an NTC treatment the endogenous emergence of market institutions with absent
transaction costs has already been investigated in detail in a previous study (see Kirchsteiger, Niederle and
Potters 1998).



manipulations, our design followed the conventions that have been developed regarding experimental

markets (see the Appendix for a set of instructions).

Market Structure

Each experimental market session consisted of a sequence of one practice round and 18 trading rounds.
Each trading round lasted three minutes. Markets were inhabited by 12 traders, 6 buyers and 6 sellers.
Traders retained their roles throughout the session. In atrading round, each individual trader could trade
at most one unit of a homogenous good at no trading costs. The private value of atrader (cost value or
redemption value) changed from round to round. The set of values, however, remained the same, and this
was common knowledge. Hence, the market environment (i.e., the induced aggregate demand and supply
function) was constant across the practice round and the 18 rounds of the experiment. The cost and
redemption values were given in points, and 1 point exchanged for 0.3 Dutch guilders (Hfl).

The demand and supply functions induced by these values areillustrated in Figure 1. As can be
seen, the competitive equilibrium was at a quantity of 4 units and a pricein the interval [30,35]. Hence,
for both buyers and sdllers there were four infra- and two extramarginal traders. The induced demand and
supply schedule were, of course, to alarge extent arbitrary. Our main consideration was to strike a balance
between the probability of an extramargina trade occurring (a high probability requiring elastic
schedules), and the efficiency loss associated with an extra-marginal trade (a large efficiency losses

requiring inelastic schedules).

Insert Figure 1 about here

Besides values, traders were also assigned ID-letters: A, B, C, D, E, and F for buyers, and U, V,
W, X, Y, and Z for sdllers. These I D-letters were randomly (re)assigned to the traders at the beginning of
each round. The assignment of |D-letters was neither related to the assignment of values nor to the "rea”
identity of the subjects. The subjects were informed about this.

Treatments

(&) Transaction cost (TC) treatment

Buyers could try to buy by making bids, and sellers could try to sell by making asks. When making an offer
(an ask or abid), atrader had to enter a price at which he was prepared to trade. He also had to enter the
IDs of those traders he wanted to inform about the offer. A trader was forced to enter the ID of at least one
trader from the other market side, i.e. the ID of at |east one potentia trading partner. This consgtraint was
imposed to prevent traders from sending 'fake’ offers to only their own market side, i.e. to only their

competitors. Furthermore, offersthat could lead to negative profits were not permitted.
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As dready mentioned, asks were costless. A buyer making a bid, however, had to pay 0.25 points
for every seller to whom the bid applied. Furthermore, the price for informing another buyer about the bid
was aso 0.25 points. Notice that these costs were very small, compared with the potential gains from trade.
The minimum joint surplus two intramargina traders could resp from atrade was 5 points (see Figure 1),
i.e. 20 times the minimum costs of a bid.

Offers could be adjusted at any moment by simply submitting a new offer. Then the old offer
became invalid. Hence, each trader had at most one outstanding offer. Since everyone could trade at most
one unit, atrader who had already made a transaction could no longer make offers.

Aslong as atrader had not traded in that round, he was allowed to accept any offer of a potentia
trading partner of which he was informed. Again we enforced the restriction that an offer could only be
accepted if it led to a non-negative profit. We did, however, not enforce the rule that a trader always had
to accept the best price offered. When an offer was accepted, it was withdrawn from the market, and those
traders who had been informed about the offer were also informed that a transaction had occurred at that

price.

(b) No Transaction Costs (NTC) treatment
This treatment was identical to the TC treatment except that buyers (like sellers) did not have to bear
transaction costs when making bids - bids were, like asks, for free. Hence, in this treatment the market

environment was symmetric for buyers and sellers.

(c) Double Auction (DA) treatment

In the DA treatment, traders did not have to enter any trader 1D-letters when submitting an offer. All offers
were automatically sent to al other traders, i.e. to al potentid trading partners aswell asto al competitors.
There were no exogenous transaction costs. All traders were also informed when and at what price atrade
occurred. This treatment boiled down to the standard continuous double-auction market, with the exception
that trader IDs were added and that traders were not restricted to accept the best available offer.

Information display
The trading process was handled by means of networked computers. At any time atrader's computer screen
displayed the following information: the round number, the time left for trading, a trader’s role (buyer or
seller) and ID-letter, the cost or resale value, and a trader’s total profits up to that round. In the TC
treatment the transaction costs a buyer had aready incurred during the round at hand was also displayed
on the screen.

In the middle of the display were the lists of ask- and bid prices, one above the other. For
treatments TC and NTC these lists only contained those offers that the trader was sel ected to be informed
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about by the sending party. Both ask- and bid prices were ordered from high to low, and for each offer also
the ID-letter of the sender was indicated.
Finaly, at the bottom of the screen, there was arow with the prices of those accepted offers that

the trader had been informed about. Only prices were reveaed but not the IDs of the transacting parties.

Procedure

For each of the three treatments, four independent experimental sessions were run. Students at Tilburg
University were recruited as subjects through announcement in the university bulletin and in classes.
Participants were solicited for a two hour decision making experiment which would earn them money.
Fifteen subjects were registered for each experimental session to alow for no-shows. In session DAL,
however, only 10 subjects showed up. This sessions was run with 10 traders, using the design of Figure
1 with one buyer (redemption value 50) and one seller (cost value 15) excluded, leaving the range of
equilibrium prices unchanged.

Upon arrival in the lab, subjects drew an envelope with a seat number. If more than 12 subjects
showed up, one to three empty envelopes were added to the stack of seat numbers. The subjects drawing
an empty envelope received 10 Hfl for showing up and left the room. Once the remaining subjects were
seated, the ingtructions for the experiment were distributed and read a oud by the experimenter. Then the
subjects were given some minutes to study the instructions at their own pace, and to privately ask
guestions. After the practice round, the 18 rounds which determined subjects= earnings were run. After
round 18 the subjects privately received their total earnings and left the room.

Sessions lasted about one and a half hours. Earnings were on average about Hfl 47, and ranged
between Hfl 21 and Hfl 65. At the time of the experiment 1 Hfl exchanged for about $ 0.50.

Expected Results
To describe the (expected) resultsit is useful to introduce the following two variables. Dgjey refersto the
'dissemination of an offer among clients, and is defined as the fraction of potential trading partners
informed about an offer. Deonyp refersto the 'dissemination of an offer among competitors, and is defined
as the fraction of competitors (i.e., other traders on the same side of the market) informed about an offer.
These two variables capture the defining features of the different trading mechanisms. For example, in
aDA we have Dgient = 1 and Dcomp = 1 for @l offers. All traders are informed about all asks and bids. In
the TC and the NTC the two variables are endogenous and determined by the traders themselves.

In a previous study (Kirchsteiger, Niederle, and Potters 1998) we found that in absence of
transaction costs offers tend to apply to all potential trading partners. Dgierr = 1. Competitors, however,
were not informed: D¢mp = 0. We refered to this endogenously emerging institution as a 'Secret Offer

Double Auction’ (SODA). Since asks were costless, there did not seem to be a reason why this pattern
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should be different for asksin the TC sessions. However, due to the introduction of transaction costs we
expected fewer bids than asks in the TC sessions - the mgjority of the offers should be asksin the TC
treatment, whereas in the NTC treatment the number of asks and bids were equal. Furthermore, those bids
actually made in the TC treatment should be disseminated less widely than the bidsin the NTC treatment.
Such an ingtitution where most of the offers were asks disseminated among all buyers, but not among
sellers, could be called " Secret Offer Auction” (SOA).

What did we expect regarding efficiency levels of the different treatments? As in numerous other
DA experiments, we expected prices and quantitiesin our DA treatment to converge quickly to the market
clearing level, and, in line with this, outcomes close to full efficiency. Quick convergence and high
efficiency levels were also found in the SODA institution that emerged in the NTC trestment, although
there traders typically observed only half of the offers and redized prices (for more details see Kirchsteiger,
Niederle and Potters 1998).

Whether a market ingtitution is (in)efficient in the presence of transaction costs is in genera a
subtle issue. On the one hand efficiency requires the transaction costs to be minimized. But atransaction
cost minimizing ingtitution might have disadvantageous information properties, since it might imply (too)
little dissemination of the offers. This in turn could lead to slower convergence and to inefficiencies.
Hence, overal payoff might be increased by incurring some transaction costs in order to alow the traders
to reap larger gains of trade. Whether a certain institution provides the optimal trade-off between these two
aspects is in general hard to say. Our design, however, alows for a solution to this problem. The
endogenousdly emerging ingtitution could be equivalent to an Offer Auction, where only sellers make asks
and these asks are transmitted to al buyers and sellers. If such an ingtitution emerges, no transaction costs
haveto be paid. Furthermore, previous studies showed that Offer Auctions lead to similar market outcomes
as DAs (see Waker and Williams 1988). Hence, in the TC treatment an ingtitution is feasible that i)
implies no transaction costs, and ii) provides the same surplus to the traders as the DA. Therefore, if we
find that earnings in the TC sessions were lower than earningsin the DA session, we can conclude that the
emerging ingtitution was inefficient.

If in the TC trestment a SOA ingtitution resulted, then sellers received even less information about
offers and realized prices than in the NTC treatment. Those who made the offers, namely the sdllers, were
only informed about their own offers and trades. This could have led to slower convergence and
inefficiencies. Hence, we expected inefficiencies in case that a SOA actually emerged. Thisinefficiency,

however, could have been areason for a different institution than the SOA to arise.

3. Results

First we examine which market institution actually emerged endogenoudy in the TC treatment (Result 1)
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and compare it with the institution emerging in an environment without transaction costs (NTC treatment).

Then we compare efficiency levels (Result 2) across the three different treatments (TC, NTC, and DA).

Result 1. The Emerging Market is a SOA

The market institution emerging in the TC treatment is best described as a Secret Offer Auction (SOA).
Most of the offers were made by the sellers, and these asks were typically sent to every buyer, but not to
any competitor.

The numbers of asks and bids in the TC treatment provide a first evidence for Result 1. Whereas the
introduction of the one-sided transaction costs left the average number of asks per round unchanged, it
decreased the average number of bids from 15.7 to 8.6 (see Table 1).

Insert Table 1 about here

In order to invegtigate the dissemination of the offerswe calculated for each offer the value of Dyiey, that
is, the number of potential trading partners to whom the offer was sent, divided by maximum number to
whom it could have been sent (i.e. divided by 6).3 Notice that D e ranged between 1/6 and 1 since each
offer had to be sent to at |east one potentid trading partner. Similarly, we computed Do, for each offer,
that is, the number of competitors who were informed about the offer divided by the maximum number
who could have been informed (i.e. divided by 5). Of course, Dcom, ranged between 0 and 1.

The effect of transaction costs on the dissemination of bids among sellers was even more dramatic
than the effect on the number of bids. Whilein the NTC treatment the average D et Of bids was 0.858,
it dropped in the TC treatment to alevel of 0.384 (see Table 23d).

Insert Table 2 about here

On the other hand, the dissemination of asks did not change with the introduction of the transaction costs.
Average D iN the TC treatment was 0.853, whereas in the NTC it was 0.865 - typically asks applied
to essentialy al buyers (see Table 28). When we combined the effect of the decrease in the number of
bids with the effect of the lower dissemination of bids, we found that the average number of bids aseller
received per round dropped from 13.4 in the NTC to 3.3 in the TC treatment. On the other hand, the
average number of asks a buyer gets per round did not change (14.3inthe NTC, 15.1 in TC treatment),

and it was about 5 times as large as the number of bids a seller received in the TC treatment. Hence, we

3Note that this measure underestimates the actual the dissemination of an offer among potential
clients, since sometimes traders knew that some potentia trading partners had already |eft the market.



can conclude that the introduction of one-sided transaction costs induced the emergence of an ingtitution
where offers were made by the sellers, but not by the buyers.
Like in the NTC trestment, the dissemination of offers among competitors (Dcomp) Was very low

in the TC trestment (see Table 2b). Hence, in both trestments offers were kept secret from the competitors.

Insert Figure 2 about here

Figure 2 shows that the average number of asksin the TC as well as the average number of asks and bids
in the NTC treatment was between 15 and 20 during most of the rounds. Furthermore, these numbers were
quite stable over the rounds. The average number of bidsin the TC treatment, however, was considerably
lower even in the very first round and declined even further during the course of the experiment. Hence,
the more experienced the buyers the less they were willing to make bids in the TC treatment.

Figure 3 shows the evolution of the dissemination of offers (Dyiey) in the TC and the NTC
treatment. From the very beginning nearly all offersin the NTC and nearly all asksin the TC treatment
applied to al potential clients. The few bids made in the TC treatment, however, gpplied only to about 40%

of the sellers, and no tendency towards awider dissemination of bids was observed.

Insert Figure 3 about here

By and large, Result 1 is very favorable for the hypothesis that transaction costs are capable of shaping the
market institutions. The introduction of one-sided transaction costs led to a sharp decrease of costly bids,
and the few remaining bids were much less disseminated. But was the endogenously emerging institution
also efficient? In order to answer this question, we have to distinguish between two different efficiency
aspects of an ingtitution. On the one hand, there isits ability to avoid transaction costs. Since the number
of bidsin the TC treatments was not zero, traders had to bear some transaction costs. But if the behavior
of the buyersin the TC treatment would have been the same asit actually wasin the NTC treatment, the
transaction costs would have been more than 4.3 times as large as they actually were' - the transaction cost

induced change of the institution from SODA to SOA saved more than 75% of the transaction costs.

Insert Figure 4 about here

*This can be most easily seen by calculating the average transaction costs per round for the
different treatments. They are given by: (0.25) x (average number of bids) x (6 x average Dyjent + 5 X
average Domp). INn the TC treatment they were 5.1, i.e. 4.7% of the available surplus. Behavior asin the
NTC treatment would have induced transaction costs of 22.7, i.e. 20.6% of the available surplus
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Comparing the actual transaction costs with the hypothetical costs induced by behavior asin the NTC
treatment, we observe that aready in the very first round the differences in buyers behavior were such that
most of the transaction costs were saved (see Figure 4). Furthermore, there was a tendency for the already
small costs to deteriorate further when the buyers became more experienced. Hence, the institution
emerging in the TC treatment did not a perfect, but nonetheless a good job with respect to minimizing
transaction costs.

The other important purpose of market ingtitutions is the provision of a matching and information
structure that allows the traders to reap the gains of trade. Hence, we had to investigate to what extent the
endogenousinstitution in the TC treatment also served that purpose. We investigated the gains of trade not
reaped by the traders, i.e. we looked to what the extent the sum of consumer and producer surplusfell short
of its maximum level. Since here we analyzed the matching and information properties of the SOA
institution, and not its ability to avoid transaction costs, the transaction costsin the TC treatment were not
counted as forgone surplus. A natural measure of inefficiency is the foregone surplus as percentage of the
maximum possible surplus. Another measure is the number of inefficient rounds, i.e. the number of rounds

where the forgone surplus was larger than zero. Using either of these two measures we find:

Result 2. Efficiency
The forgone surplus was higher in the TC than in the NTC and the DA treatment.

Insert Table 3 about here

For each of the three treatments, Table 3 presents the average levels of foregone surplus and the number
of inefficient rounds. It turns out that in the TC sessions the average inefficiency level was about 3%,
whereas in the NTC and the DA sessions it was about 1%.°> The NTC sessions were about as efficient as
the DA sessions. The efficiency levels of the individua sessions of the two treatments overlapped and the
difference between the treatments was not significant (p = 68%). This shows that an endogenous market
institution can be as efficient as the DA. In case of transaction costs, however, we observe the emergence
of aless efficient ingtitution. Even the most efficient TC sessions (TC2 and TC4) were less efficient asthe
most inefficient NTC (NTC1) and DA session (DA4). Hence, the difference between the TC and the two
other treatments was highly significant (p = 2.8%)°. Qualitatively the same results appear if we look at the

*Theimpact of atrade of an extramarginal trader aswell asthat of anon-trade of an intramarginal
trader on efficiency depends of course on the supply and demand conditions. Hence, not the absolute
values of forgone surplus but the differencesin efficiency between the treatments are important.

®Throughout we employed two-tailed Mann-Whitney tests with session averages as observations.
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number of inefficient rounds. In the TC treatment 22 of 72 periods were inefficient, whereasinthe NTC
(DA) treatment only 9 (11) of 72 periods were inefficient. Again the difference between TC and NTC was
significant (p = 2.8%), whereas the difference between DA and NTC was not significant (p > 50%).

For afurther examination of the efficiency properties one can distinguish between two different
types of inefficiencies. A round is inefficient whenever an extramarginal buyer or seller trades. Such
inefficient trades can only occur at out-of-equilibrium prices. But even in the absence of inefficient trades,
around may be inefficient if not all intramarginal traders strike adeal. Such an inefficient non-trade can
occur if potential trading partners do not find each other or if they cannot agree on the price. It turned out
that the inefficiencies during the early rounds of a session were due to inefficient trades as well as
inefficient non-trades. If alater round was inefficient, however, this was ailmost always due to inefficient
non-trades. This pattern emerged in all three treatments. Both types of inefficiencies, however, were much
more frequent in the TC- than in the NTC and the DA treatment. We can conclude that the endogenoudly
emerging SOA was more prone to mismatch (i.e. inefficient trades) aswell asto non-match (i.e. inefficient
non-trades) than the DA or the SODA.

Result 2 also shows that the endogenously emerging SOA was less efficient than the offer auction.
In an offer auction only sallers make asks. The asks apply to al buyers and - unlike the SOA - every trader
is informed about al asks and about every acceptance of an ask. From a previous study (Walker and
Williams 1988) we know that an offer auction exhibits the same properties as the DA. Hence, if not the
SOA but the offer auction would have emerged endogenously, foregone surplus would have been
significantly lower. Furthermore, an offer auction causes of course no transaction costsin an environment
like the one of our TC treatment. This implies that the sum of the net payoffs (taking into account
transaction costs) would have been higher in the offer auction than it actually was in the SOA - the actualy
emerging ingtitution is less efficient than another feasible one. Therefore, we cannot avoid the conclusion
that the endogenously emerging SOA is inefficient, and also not the most efficient possible emerging
market institution.

Why is the outcome of the TC market inefficient? We speculate that the SOA does not provide
enough information for the 'active’ side of the market, i.e. for the sellers. In a’pure’ SOA, when only asks
are made and competitors are never informed, every seller knows only his own asks and only his own
realized trades, whereasin an offer auction every offer and every acceptance is common knowledge. Of
course, in the TC sessions the emerging SOA was 'impure, i.e. some bids were made and some asks were
transmitted to other sellers. But the resulting information for the seller wastoo little to obtain an efficient
outcome. In the NTC treatment an average seller was informed about 51.5 % of the offers made by others,
and about 50.2% of the acceptance of offers made by others. In the TC treatment these numbers drop to
19.8% and to 10.8 %, respectively - on average a seller is only informed about every fifth offer and only

about every tenth acceptance of an offer (other than his own offers). This dramatic lossin the information
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provided to the market side making the offers seems to be the reason for the inefficiency. And if we look
at the evolution of the institution over time, we observe no trend towards an institution providing more

information, quite to the contrary.

Insert Figure 5 about here

Whilein the NTC treatment a seller was informed of about 50 % of al offers other than his own in all
rounds, the average informedness of sellersin the TC treatment decreased from about 27 % in the first
round to about 17 % in the last round (see Figure 5). Thisis mainly caused by the decline in the number
of bids. The more buyers learn to avoid transaction costs, the less information sellers receive about the
activities on the market. Of course, in a stable environment like the one of our experiment this problem
is at least partly mitigated by the fact that sellers can accumulate information over the rounds. In an
unstable environment, however, - like one with frequent changes of supply or demand - the problem of
insufficient information for the active market side might became even more severe as subjects gain

experience.

4. Concluding Remarks

In this paper we have investigated one potential driving force that determines the characteristics of market
ingtitutions, namely transaction costs. As postulated by New Institutional Economics our results have
shown that even small transaction costs can shape the matching and information structure of markets. The
resulting market ingtitution, however, leads to inefficient trading outcomes. Hence, our results indicate that
the widespread optimism concerning the self-organizing capacities of markets - if left alone, markets
develop efficient institutional rules - is not warranted’. But of course this paper provides only one example
for the emergence of inefficient ingtitutions. To get a better understanding of the conditions for (in)efficient
institutions to arise further investigations are needed. On the one hand one should test the robustness of
the inefficiency result by conducting experiments with different exogenous transaction costs. If e.g. the
structure of transaction costs are such that it becomes costly to hide information from the competitors it
might be that market transparency increases and an efficient outcome can be restored. Varying transaction
cost structure also allows for a test to what extent the emergence of institutions is driven by such
transaction costs.

Furthermore, it is aso important to endogenize the transaction costs. While one can think of some

"By investigating field experiments the same conclusion was also drawn by Roth (1984) and Roth
and Xing (1994).
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transaction costs that are caused by pure technological factors (and hence exogenous), most of the
transaction costs seems to be caused by problems of incomplete information, incomplete contracts and
imperfect contract enforcement. Hence, endogenous market experiments with moral hazard or adverse

selection problems are a natural next step. But thisisleft to future research.
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Appendix: This appendix contains the instructions for the TC treatment. The instructions of the NTC
treatment are exactly the same except for any reference to the transaction costs. For the DA treatment, w we

adapted the instructions accordingly.

Instructions:

Today we are going to set up amarket in which some of you will be buyers and others will be sdlers. Those
of you who have drawn a"B" are buyers, those of you with a"S" are sdllers. During the experiment you will
have to make trading decisions and these decisionswill determine your earnings. During the experiment your
earnings will be denoted in points. For each point you earn you will get 30 centsfor your participation. Y our
earnings will be paid to you privately and in cash after the experiment.

First, wewill go through the instructions together. After that you will get the opportunity to study the
instructions in your own pace and to ask questions. Also we will have a practice round before we start the
experiment. If you want to make notes you can use the empty sheet that is on your table. Please, do not write
on the ingtructions, and do not touch the keyboard until we are done with the instructions.

The experiment will consist of 18 trading rounds. In each trading round each buyer may buy a most
one unit. Each sdller may sdl a most one unit. Trades are made in accordance with certain rules that will be
explained below. If abuyer buys aunit in around, her gross-earnings are equa to the resale-value of the unit
to her minus the price she pays for the unit. If abuyer does not buy a unit, her gross-earnings for that round
are zero. If asdler sellsaunit in around, his gross-earnings are equal to the price he receives for the unit
minus the cost-value of the unit to the seller. If asdller does not sell aunit, his gross-earnings for that round
are zero.

Resadle-values as well as cost-values are grictly private information, no other participant than the
concerning buyer or seller, respectively, will learn about it. Hence, every participant knows only his own
gross-earnings from atrade. Y our net-earningsin around are equal to your gross-earnings minus the cost you
made by sending offers to other traders. How these latter costs are determined will be explained below.
Finally, your tota earnings for the experiment are equal to the sum of your net-earnings in each of the 18

rounds.

Computer screen
Thetrading of unitswill take place by means of the computer. All relevant information will be available on
your computer screen. Y ou can now see what the screen will look like during the experiment.

In the top left of the screen you can see how many points you have earned up to that moment. Also
the number of the present round is indicated. Below that you see how much time is left for trading in that
round. For each of the 18 rounds the total time for trading is 3 minutes.

In the middle of the screen you will seealigt of the relevant ask and bid-prices. An ask-priceindicates
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the price a which asdller is prepared to sell, and a bid-price indicates the price at which a buyer is prepared
to buy. Ask- and bid-prices will be explained in more detail below.

On the right-hand side of the screen your value isindicated. If you are abuyer, the resale-value of
aunit in that round isindicated. If you are asdller, the cost-value of aunit in that round isindicated. Resale-
values may be different for different buyers, and cost-values may be different for different sellers. Also your
value may change from round to round. But every buyer gets the same resal e-va ues the same number of
rounds, and every seller gets the same cost-values the same number of rounds. Also you can see where your
gross-earnings will beindicated, and that your net-earnings for the round will be equa to your gross-earnings
minus the cost you have made in sending offers (as will be explained below).

In the middle left of the screen you see whether you are abuyer or aseller. Here aso your 1D-letter
isindicated. The IDsfor the buyersare A, B, C, D, Eand F. The IDsfor the sdllersare U, V, W, X, Y and
Z. Y our 1D will randomly change from round to round. Furthermore, IDs are not related to the cost- or resale-
values. Hence, the IDs are for registration purposes only and do not convey information about the identity of
participants or about their values.

In the bottom right of the screen you see abox called last action. This box mentions the last action
that isrelevant to you.

Finally, at the bottom of the screen you see along flat row. In this row you are informed about all
accepted asks and bids that were in your column of ask- and bid-prices.

Now we will first go through the specific ingtructions for buyers, and then through the specific
instructions for sdllers. On your hand-out you will only find the specific instructions that concern your role

in the market.

Specific instructions for buyers
After the determination of the values and the IDs, the market opensfor trading. If you want to buy aunit, and
you have not yet bought a unit in that round, then you can do two things:

(1) You can press B to make abid and to enter aprice a which you are prepared to buy a unit. After
you press B you are requested to enter abid-price. This bid-price must be above or equd to zero and below
or equal to your resale-value. After you have entered your bid-price, you must decide to which sellers you
want to send your bid and which of the other buyers you want to inform about your bid. You may send your
bid to any number of sellers, but at least to one seller. You may inform any of the other buyers about your
bid, but you are not obliged to do so. Therefore, after you entered your bid-price, you are also requested to
enter the ID(s) of at least one seller to whom you want to send thisbid and of any of the other buyers you want
to inform. Hence, you may enter as many of the seller ID-letters (U, V, W, X, Y, Z) and buyer ID-letters (A,
B, C, D, E, F) asyou want, but you should at least enter one seller ID-letter. Recall that the IDs change from

round to round. After you have entered the 1D(s), your bid-price will appear in the lower middle of your
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screen in the column "bids' and it is marked with an asterix (*). Now your bid-price is transmitted to the
sdllers and buyers you have entered, and will appear in their columns of bid-prices together with your ID.

By sending your bid to asdller or another buyer you incur acost. To be precise, for each of the other
traders (seller or buyer) that you decide to inform about your bid, you incur afixed cost of 0.25 points. The
total cost you incur by sending bids to other traders will be subtracted from your gross-earnings to determine
your net-earnings for the round.

A sdler who receives your bid may accept it or not. The buyers you selected can of course not accept
your bid - they are only informed about it. As soon as one of the sellers accepts your bid, you will get a
message in the lower-right corner of your screen under "last action”, and the corresponding earnings will be
caculated and indicated on your screen under "value'. Also al other sellers and buyers you have chosen to
send your bid to will learn that your bid isaccepted. Y our bid-price will vanish from their column "bids' and
will appear in the row at the bottom of their screens.

If your bid is not accepted by aseller, you will not get amessage. Notice that it is possible that you
send a bid to a saller who has aready sold a unit to another buyer. Hence, receiving no message may mean
that the sellers you selected to send your bid to have not yet decided about your bid, that they reject it, or that
they already sold a unit.

Aslong as you have not bought a unit in the trading round you may always revise your bid by just
pressing "B", entering a (possibly new) price, and entering (possibly new) sdlers and buyers IDs. If you enter
anew bid, your old bid will disgppear. By making anew bid you again incur afixed cost for each of the other
traders that you decide to inform about your new bid. However, you are not forced to make any (new) bid.
Like buyers can make bids, sdlers can make asks. This brings us to the second thing you can do to buy a unit.

(2) You can presson K. In that case you can buy one unit a one of the ask-prices that isindicated
in the column "asks" in the upper-middle of your screen. Of course, you cannot use this option if this column
is empty. If an ask-price isindicated in this column, then one of the sdllers (indicated by his ID-letter) is
prepared to sal aunit to you at theindicated price. If you decide to accept this ask-price you smply pressK.
Since there may be more than one ask-price in the column, you aso need to enter the sdler-1D of the ask you
wish to accept. Then thetrade is conducted, your earnings are registered, and all buyers and sellerswho were

informed about this ask can see at the bottom of their screen that atrade has occurred at this price.

Specific instructions for sellers
After the determination of the values and the IDs, the market opensfor trading. If you want to sell aunit and
you have not yet sold aunit in that round, you can do two things:

(1) You can press P to make an ask and to enter a price at which you are prepared to sell aunit. After
you press P you are requested to enter an ask-price. This ask-price must be below or equal to 100 and above
or equal to your cost-vaue. After you have entered your ask-price, you must decide to which buyers you want
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to send the ask and which of the other sdllers you want to inform about your ask. You may send your ask to
any number of buyers, but at least to one buyer. You may inform any of the other sellers about your offer,
but you are not obliged to do so. Therefore, after you entered your ask-price, you are also requested to enter
the ID(s) of &t least one buyer to whom you want to send this ask, and of any of the other sellersthat you want
to inform. Hence, you may enter as many of the buyer ID-letters (A, B, C, D, E, F) and sdler ID-letters (U,
V, W, X, Y, Z) asyou want, but you should at least enter one buyer ID-letter. Recall that the IDs change from
round to round. After you have entered the ID(s), your ask-price will appear in the upper middle of your
screen in the column "asks' and it is marked with an asterix (*). Now your ask-price is transmitted to the
buyers and sdllers you have entered, and will appear in their columns of ask-prices together with your ID.

For each of the other traders (buyer or seller) that you decide to inform about your ask, you incur a
fixed cost of zero - by sending your ask to a buyer or another sdller you does not incur any cost. Hence if you
make atradein around, your net-earnings for that round are equal to your gross-earnings.

A buyer who receives your ask may accept it or not. The sellers you selected can of course not accept
your ask - they are only informed about it. As soon as one of the buyers accepts your ask, you will get a
message in the lower-right corner of your screen under "last action”, and the corresponding earnings will be
calculated and indicated on your screen under "value'. Also al other buyers and sdllers you have sdlected to
send your ask to will learn that your ask is accepted. Y our ask-price will vanish from their column "asks' and
appear in arow at the bottom of their screens.

If your ask is not accepted by abuyer, you will not get a message. Natice that it is possible that you
send an ask to abuyer who has dready bought a unit from another seller. Hence, receiving no message may
mean that the buyers you selected to send your ask to have not yet decided about your ask, that they reject it,
or that they have aready bought a unit.

Aslong as you have not sold a unit in the trading round you may aways revise you ask by just
pressing "P", entering a (possibly new) price, and entering (possibly new) buyers and sdllers IDs. If you enter
anew ask, your old ask will disappear. However, you are not forced to enter any (new) ask. Like sellers can
send asks, buyers can make bids. This brings us to the second thing you can do to sl aunit.

(2) You can presson V. In that case you can sl aunit a one of the bid-pricesthat isindicated in the
column "bids" in the lower middle of your screen. Of course, you cannot use this option if this column is
empty. If abid-priceisindicated in this column, then one of the buyers (indicated by her ID-letter) is prepared
to buy aunit from you at the indicated price. If you decide to accept this bid-price you smply pressV. Since
there may be more than one bid-price in the column, you aso need to enter the buyer-1D of the bid you wish
to accept. Then the trade is conducted, your earnings are registered, and al sellers and buyers who were

informed about this bid-price can see at the bottom of the screen that atrade has occurred at this price.
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Summary
The experiment consists of 18 trading rounds, and each round lasts 3 minutes. Y ou are either a buyer or a
seller. In around each buyer may try to buy one unit and each seller may try to sell one unit. For a buyer,
gross-earnings will be equal to the resale-value of the unit minus the price paid. For asdller, gross-earnings
will be equd to the price received minus the cost-value of the unit. Vaues are different for different traders,
and they change from round to round. Buyers can try to buy by making bids or by accepting asks. Sellers can
try to sell by making asks or accepting bids. Buyers net-earningsin around are equa to their gross-earnings
minus the cost they made in sending bids to other traders. Each time a buyer makes abid she incurs a cost of
0.25 pointsfor every sdller or buyer she decides to inform about this bid. Sellers costs from sending asksto
other traders are zero. Therefore, their net-earnings are equal their gross earning.

During the experiment al earnings are denoted in points. After the experiment, your earningsin cash
will be determined at arate of 1 point = 30 cents. Y ou will receive your earnings privately, immediately after

the experiment. Y our earnings are your own business, you do not have to discuss them with anyone.

Final remarks

During the experiment, it is not dlowed to talk or communicate with other participantsin any way (other then
through the trading). If you have a question, please raise your hand and the experimenter will come to your
table. In earlier experiments with the present computer-program we have had some problems, especialy with
the network connections. Therefore, when entering something on your computer please wait alittle bit until
it is recorded on your screen before you enter something new. Also, if anything strange appears on your
screen, or if you think the computer is not doing what you think it should, please notify the experimenter so

he can try to fix the problem.

21



Table 1. Average number of offers per round

Offer Session NTC TC
1 14.4 11.2

2 151 5.6

Bids 3 130 9.7
4 20.3 8.1

average 15.7 8.6

1 20.6 21.6

2 16.4 15.2

Asks 3 11.8 20.4
4 17.3 13.7

average 16.5 17.7
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Table 2a. Average values of D¢ (all offers)

Offer Session NTC TC
1 0.782 0.337
2 0.875 0.411
Bids 3 0.955 0.423
4 0.820 0.366
average 0.858 0.384
1 0.627 0.838
2 0.965 0.810
Ass 3 0.923 0.880
4 0.945 0.884
average 0.865 0.853

Table 2b. Average values of Do)

Offer Session NTC TC
1 0.099 0.009
2 0.080 0.039
Bids 3 0.091 0.016
4 0.203 0.004
average 0.118 0.017
1 0.023 0.117
2 0.101 0.042
Ass 3 0.090 0.074
4 0.288 0.122
average 0.125 0.089
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Table 3. Foregone surplus and number of inefficient rounds

Foregone surplus ( in % of total surplus) number of inefficient rounds
Session #

DA NTC TC DA NTC TC

1 1.48 1.77 3.54 3 3 5

2 0.25 0 2.02 1 0 5

3 1.26 1.26 3.79 4 7

4 177 0.76 2.02 4 2 5

All sessions 1.19 0.95 2.84 11 9 22

Note: In the TC treatment transaction costs did not count as forgone surplus, and did not count for the

caculation of the number of inefficient rounds
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