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We study an electronic over-the-counter (OTC) market, in which each agent looks for the best counterpart 

through bilateral negotiations. We compare its performance with the standard electronic double-auction 

( DA ) market, in which traders post their quotes publicly. We show that the lack of information in the 

OTC market induces an efficiency loss, characterized by an average closing price below the competitive 

price and by a traded quantity below the competitive quantity. We further test the robustness of these 

findings when exogenous shocks modify the competitive equilibrium. Among other things, we show that 

supply shocks increasing the competitive quantity improve OTC ’s efficiency. 
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1. Introduction 

Over-the-counter ( OTC ) markets are decentralized trading

mechanisms in which each trader looks for the best counterpart

through private, and typically bilateral, negotiations. There exist

many types of OTC markets, which differ in features such as the

exact process through which each trader searches for a counter-
� This paper has been circulated previously under the title “Double Auction Equi- 

librium and Efficiency in an Experimental Search Market”. The authors would like 

to thank Olivier Armantier, Antonio Bisignano, Fortuna Casoria, Andrea Guido, Luigi 

Luini, Joshua Benjamin Miller, Camilla Peroni, Gabriella Punzi, Valentina Rotondi, 

Viola Saredi, and participants in the 2011 Labsi Conference, Capua, Italy, the 2012 

Annual Xiamen University International Workshop on Experimental Economics and 

Finance, Xiamen, China, the 2013 Storep Conference, Gaeta, Italy, and the SIE 2013 

Conference, Bologna, Italy, for useful comments and remarks. G. Attanasi gratefully 

acknowledges financial support by the Foundation for an Industrial Safety Culture 

(Fondation pour une Culture de Sécurité Industrielle, FONCSI), by the European 

Research Council (ERC Starting Grant DU 283953 ), and by Attractivité IDEX 2013 

( University of Strasbourg ). Ivan Moscati thanks Fondazione Cariplo for financial sup- 

port. 
∗ Corresponding author. Tel.: +33659200132. 

E-mail addresses: attanasi@unistra.fr (G. Attanasi), 

samuele.centorrino@stonybrook.edu (S. Centorrino), ivan.moscati@uninsubria.it 

(I. Moscati). 

t  

a  

o  

e

t  

r  

a  

t  

o  

t

s  

r  

b  

m  

a  

http://dx.doi.org/10.1016/j.socec.2016.03.003 

2214-8043/© 2016 Elsevier Inc. All rights reserved. 
art, the possible presence of intermediating traders such as bro-

ers, or the nature of the traded commodity. There are, however,

wo main features characterizing all OTC markets. First, traders are

rice makers, and different buyers and sellers (typically) trade the

ame commodity at different prices. Therefore, OTC markets are

ot competitive markets. Second, OTC traders have less informa-

ion than traders operating in other non-competitive but more cen-

ralized markets, such as auction markets. More precisely, while in

uctions potential buyers and sellers are made aware of the trade

pportunities available in the market – be it by an auctioneer, an

asily accessible order book, or some other market institution –

his does not happen in OTC markets. As Duffie (2012 , p. 1) aptly

emarks, OTC traders are “somewhat in the dark about the most

ttractive available terms and about whom to contact for attractive

erms.” This lack of public information influences the functioning

f OTC markets and, as we will argue, makes them less efficient

han more centralized trading mechanisms such as auctions. 

OTC markets are economically relevant because many assets –

uch as government and corporate bonds, derivatives, currencies,

eal estate, and bulk commodities – are often traded on a private,

ilateral basis. Despite their importance, however, the study of OTC

echanisms is “still underdeveloped in comparison to the avail-

ble research on central market mechanisms” ( Duffie, 2012 , p. xiii ).
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2 As mentioned above, if regarded in historical perspective, the design of our 

DA market follows Smith (1962) , while our OTC mechanism takes inspiration from 

Chamberlin (1948) . However, Chamberlin did not always make public the price of 

closed transactions, while we always implement post-trade price transparency. Fur- 

thermore, Chamberlin let experimental subjects trade for one single market period 

while we follow Smith (1962) and subsequent standard practice in market class- 

room experiments (see, e.g., Holt, 1996; Cason and Friedman, 2008 ), and allow ex- 

perimental subjects to trade for several periods so that they can gain experience 

about how the trading mechanism works. 
3 Recently, a trading mechanism in the spirit of Chamberlin (1948) has been in- 

vestigated by List (20 02, 20 04) in field experiments involving a sports card market 
n this paper, we contribute to the filling of this gap by studying

he functioning of an experimental OTC market that can be seen as

n extension of the pit market designed by Chamberlin (1948) in

 seminal contribution to the experimental literature on market

nstitutions. We compare its performance to that of a centralized

arket, namely the well-known experimental double-auction (DA)

arket introduced by Smith (1962) (for a review of the experimen-

al research on DA markets, see Friedman and Rust, 1993; Plott,

008; Cason and Friedman, 2008 ). 

Duffie and his co-authors have constructed theoretical models

or a number of OTC markets ( Duffie, 2010; 2012; Ashcraft and

uffie, 2007; Duffie et al., 20 05; 20 07; Duffie and Manso, 2007;

uffie et al., 2010a; 2009; 2010b; 2014 ). We adopt a different but

omplementary perspective, and study OTC markets experimen-

ally. In particular, our OTC and DA experimental markets are elec-

ronic, in the sense that our traders interact only via computer.

his allows us to rule out information spillovers that may occur

hen OTC bargaining is conducted orally. To the best of our knowl-

dge, our paper is the first study of an electronic OTC market from

n experimental perspective. 1 

Our OTC and DA experimental markets share some common

eatures (more details in Section 2 ). In both settings, each exper-

mental session involves 40 subjects who are equally divided into

uyers and sellers. Each of the 20 sellers is exogenously assigned

ne unit of an imaginary homogeneous good, and a valuation indi-

ating the minimum amount he/she has to receive for his/her unit.

ach of the 20 buyers is exogenously assigned a valuation indicat-

ng the maximum amount he/she can spend for one unit of the

ood. Each experimental session consists of nine trading periods

uring which buyers and sellers have to trade the good by posting

id quotes (buyers) or ask quotes (sellers). As already noted, buy-

rs and sellers interact only electronically: they post their quotes

sing their computer’s keyboard, and all the information they re-

eive about what is happening in the market is the information

ppearing on their computer’s screen. 

What is different between our OTC and DA experimental mar-

ets is the way traders post their quotes, and the information they

eceive about the quotes posted by other traders in the market. In

ur DA market, buyers and sellers post their quotes publicly in the

ense that each buyer (seller) addresses his/her bids (asks) to all

ellers (buyers) in the market, and these quotes are disclosed to all

raders in the market by appearing on their screens. Thus in the DA

arket at each moment each buyer (seller) is informed about the

est bid (ask) currently present in the market, but also knows the

ntire previous history of public bids and asks. This feature of the

A market is called pre-trade price transparency . In actual OTC mar-

ets, pre-trade price transparency and the relevant public informa-

ion associated with it are absent. Therefore, in our OTC setting,

uyers and sellers post their quotes privately, that is, each trader

an make/receive only one electronic quote at a time to/from a

ingle counterpart, and only the sender and the receivers of the

uote observe it on their screens. Therefore, in our OTC market

ach buyer (seller) is informed only about the bids (asks) he/she

akes and has made, and about the asks (bids) he/she receives

nd has received. 

In the DA market, when a buyer accepts a public ask, or a seller

ccepts a public bid, a transaction is enacted, and the closing price
1 Holt (1996) provides a description of classroom experiments based on an OTC 

arket where buyer-seller bargaining is conducted orally. Hendershott and Madha- 

an ( 2015) study traditional OTC trading based on telephone and voice communi- 

ations. In particular, they use data on corporate bond trades between 2010 and 

011 to investigate which factors influence the transition from voice-based OTC 

rading to DA trading based on electronic platforms such as MarketAxess. Among 

ther things, they find that bond liquidity enhances the transition from voice-based 

TC to electronic DA. 
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ppears on the screens of all traders. This market feature is called

ost-trade price transparency . In a number of actual OTC markets,

uch as those for U.S. corporate and municipal bonds, financial reg-

lators have mandated post-trade price transparency, often imple-

ented through a program called the Trade Reporting and Com-

liance Engine (TRACE). We impose post-trade price transparency

lso in our OTC experimental market: when a buyer (seller) ac-

epts an ask (bid) privately made to him/her by a seller (buyer)

n the market, the closing price and the identification numbers of

he two traders are made public by appearing on the screens of all

raders in the market. 2 

In order to study the functioning of our OTC market and com-

are its efficiency to that of a DA market, we ran a series of class-

oom experiments. The experiments involved more than 3300 un-

ergraduate students of almost the same age (19 or 20 years old

hen performing the experiment), nationality (around 80% Ital-

ans), and field of study (economics), and were performed over a

eriod of six years, namely from 2009 to 2014, inclusive. Because

he exceptionally large number of students involved in our setting

ould make paying them too expensive, and as is indeed common

n many classroom experiments (see Holt, 1996; 1999 ), we did not

se monetary incentives. Rather, we incentivized students to play

ffectively by publicly praising the best performing traders among

hem (more details in Section 2 ). 

Our main research hypothesis was that the information dis-

dvantage of the OTC mechanism, where only post-trade price

ransparency is implemented, with respect to the DA mecha-

ism, where both pre-trade and post-trade transparency are im-

lemented, makes the OTC market less efficient than the DA mar-

et. Our experimental findings validate this research hypothesis:

ur OTC market is less efficient than our DA market. We take as

ur index of efficiency the ratio between the total surplus actu-

lly obtained in the market and the total surplus that could have

een obtained if the market were perfectly competitive. We find

hat, while in DA markets the average efficiency index is about 93

ver 100, in OTC markets the efficiency index is about 85 over 100.

hus the information gap between the OTC and the DA settings de-

ermines a loss of efficiency of almost 8 efficiency points. We show

hat changes in subjects’ learning and reduction in trading period

ime do not change this result. 3 

To better understand how the lack of pre-trade price trans-

arency – i.e., the lack of information about the entire history of

ids and asks – affects negatively the efficiency of the OTC mech-

nism, we study the pattern of closing prices and traded quan-

ity in both the OTC and the DA settings. We find that, because

f its informational features, in the OTC mechanism closing prices
nd a collector pin market. As in Chamberlin’s setting, but differently from ours, 

n List’s experiment the buyer-seller bargaining is conducted orally rather than via 

omputer. Like us and differently from Chamberlin, however, List allows subjects to 

rade for multiple periods (four), rather than for a single period. One key feature of 

ist’s experimental design is that subjects choose endogenously their role as buyers 

r sellers; by contrast, we follow Chamberlin (1948) and Smith (1962) in assigning 

ubjects to one of the two roles exogenously and randomly. More generally, the fo- 

us of List’s experiments is to examine how the experience of buyers and sellers 

nfluences the outcomes of an OTC market. Our main goal, by contrast, is to com- 

are the performances of an OTC market and a DA market under the assumption 

hat traders have similar market experience. 
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8 As it will be explained more extensively below, the reason for introducing a 

shorter third phase is twofold: to check whether experimental outcomes are robust 
converge to a price that is below the competitive price. This im-

plies that the traded quantity is lower than the competitive quan-

tity and this, in turn, proves to be the main source of the OTC’s

inefficiency. 

We take the analysis further: we decompose the loss of effi-

ciency associated with both the OTC and DA mechanisms into two

main components – intra-marginal inefficiency and extra-marginal

inefficiency – and show that, while the inefficiency associated with

the DA mechanism is almost completely of the extra-marginal

type, the inefficiency of the OTC mechanism is an even mixture

of both types. Finally, to deepen our comprehension of the OTC

mechanism, we introduce shocks into the picture and study how

efficiency in the OTC and the DA mechanisms is affected by differ-

ent types of shocks, that is, by shifts in either the demand curve or

the supply curve that modify the competitive equilibrium. We find

that, in the short run, none of these shocks substantially affect the

efficiency of either the OTC or the DA mechanism. However, in the

long run, a shock that shifts downwards the supply function is able

to significantly increase the efficiency of the OTC market only. This

is due to a reduction in the difference between the competitive

price and the average closing price, this difference usually being

positive in the OTC market. 

The rest of the paper is organized as follows: in Section 2 we

illustrate the experimental design. In Section 3 we outline a sim-

ple theoretical model of search under incomplete information

and, based on it, make some predictions about the experimen-

tal findings. In Section 4 we present our experimental findings. In

Section 5 we summarize the paper and discuss some policy impli-

cations of our experimental findings. 

2. Experimental design 

Procedures. We ran computerized classroom experiments

through the z-Tree software ( Fischbacher, 2007 ). Sessions were

held at Bocconi University, Milan, during a first-year introductory

course in Microeconomics over six consecutive academic years,

from 2009 to 2014. 4 All classroom experiments were held in the

month of October (first semester), always in the same computer-

ized room, and run by the same experimenter (G. Attanasi), who is

also one of the authors of this paper. About one third of enrolled

students per year were involved in the experiments, i.e. 3366 stu-

dents as a whole. 5 In each of the six consecutive academic years

where the classroom experiments were held, the following features

were homogeneous: age (almost all students being 19 or 20 years

old), gender (45% female), nationality (around 80% Italians), and

field of study (all were students in Economics). We kept the num-

ber of traders essentially constant (40 subjects) across the 84 ex-

perimental sessions we ran. 6 In 42 (i.e., half) of the sessions the DA

treatment was implemented (1686 subjects in total), while in the

remaining 42 sessions the OTC treatment was implemented (1680

subjects in total). 

Common features. Here we describe features of the design

common to each of the 84 sessions: 

• Number and length of trading periods . Each experimental ses-

sion consists of nine trading periods. 7 The nine periods are
4 The English translation of the instructions is provided as an electronic supple- 

mentary material of this paper: at www.beta-umr7522.fr/IMG/UserFiles/Attanasi/ 

instr-otc.pdf . 
5 Participation to the classroom experiment was voluntary. Another one third of 

enrolled students per year participated in a related market (classroom) experiment, 

whose results are reported in a companion paper ( Attanasi et al., 2016 ). 
6 To be precise, in 81 sessions we had 40 subjects and in 3 sessions we had 42 

subjects. 
7 This feature of the design is in line with previous classroom-experimental stud- 

ies of DA markets (e.g., Smith, 1962 ) and of OTC markets ( Holt, 1996 ). 
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partitioned into three phases, with each phase consisting of

three periods. The first six periods have equal clock time length,

namely 120 s per period, hence the first and the second phase

last 360 s each, that is, 6 min per phase. The last three peri-

ods (third phase) have a shorter clock time length, namely 60 s

each, that is 3 min in total for the third phase. 8 

• Market structure . The 40 subjects in each session are divided

equally into buyers and sellers (20 buyers and 20 sellers for

each session). As in Cason and Friedman (1996) , subjects are

allowed to trade only one unit per period. During each pe-

riod only one unit of a homogeneous good can be bought/sold

by a specific buyer/seller. In particular, every seller owns only

one unit of the good. Each buyer (seller) is assigned a valua-

tion (a cost) for the single unit of the good he/she has to buy

(sell). The buyer’s valuation sets the maximum amount he/she

can spend for one unit of the good, while the seller’s cost sets

the minimum amount he/she has to receive for his/her unit.

As in Smith (1962) , valuations and costs are exogenously given.

In particular, valuations and costs are distributed so that each

buyer (seller) has a different valuation (cost) from those of all

other buyers (sellers). By sorting individual valuations from the

highest to the lowest, and costs from the lowest to the high-

est, we obtain a demand and a supply curve, respectively. The

competitive-equilibrium price and quantity are determined by

the intersection of these two curves (see Fig. 1 ). In particular,

to check that the experimental outcomes are independent of

the initial conditions, we implemented three different distribu-

tions of valuations/costs, leading to equilibrium quantity-price

combinations A, B and C in Fig. 1 . 9 

• Budget constraints . Two budget-like constraints are imposed. A

feasibility constraint imposes that buyers cannot bid over their

own valuation, and sellers cannot ask under their own cost. An

intertemporal constraint dictates that wealth cannot be trans-

ferred through different periods, hence a buyer cannot use in

the next periods the amount not spent in the current period,

and a seller cannot sell in the next periods the unit of the good

not sold in the current period. 
• Information . At the beginning of each phase, subjects are in-

formed that the phase is constituted by three periods. In each

period, subjects do not know the distributions of valuations

and costs in the market. 10 During each phase, each subject is

given three pieces of information: his/her role (either buyer or

seller), his/her redemption value (either valuation or cost) for

the single unit of the good, and his/her ID. These are private

information and always appear on the subject’s screen. It is

common knowledge that while subjects’ roles and redemption

values are kept constant in the three periods of the phase, their

IDs are reshuffled at every period. This prevents subjects from

identifying trading counterparts in a given period on the basis

of IDs learned in previous periods. At the end of each phase,

roles are kept constant while redemption values are reshuffled.

Therefore, a subject being a buyer (seller) in the first phase
o further learning on the part of the subjects, and whether lack of time influences 

xperimental outcomes in a different way in different treatments. 
9 Equilibrium combination A , (q ∗, p ∗) = (17 , 64) , is obtained from a distribu- 

ion of valuations v and costs c with max v = 98 , min c = 32 and a 2-integer dis- 

ance between two subsequent valuations or costs, i.e. v ∈ { 98 , 96 , . . . , 62 , 60 } and 

 ∈ { 32 , 34 , . . . , 68 , 70 } . Similarly, equilibrium combination B , (q ∗, p ∗) = (14 , 70) , is 

btained with max v = 98 , min c = 44 and a 2-integer distance between two sub- 

equent valuations or costs; equilibrium combination C , (q ∗, p ∗) = (14 , 58) , is ob- 

ained with max v = 86 , min c = 44 and same 2-integer distance. 
10 Indeed, the experimental software only allows players to enter numbers with 

ne or two digits in the bid/ask box. Hence, subjects easily understand that the 

upport of the valuations and costs is constituted by integer numbers between 0 

nd 99. 

http://www.beta-umr7522.fr/IMG/UserFiles/Attanasi/instr-otc.pdf
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Fig. 1. Competitive-equilibrium quantity and price for different distributions of valuations/costs, and after different shocks. 
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will be assigned the same role but most likely a different

valuation (cost) in the next ones. To prevent repeated-game

effects, subjects are informed about the existence of a new

phase only at the end of the previous one. 
• Incentives . At the end of each period, each subject sees on

the screen his/her payoff as the difference between valuation

and closing price – if he/she is a buyer – or between clos-

ing price and cost – if he/she is a seller. If a subject does not

trade his/her commodity unit within the period, his/her payoff

is equal to zero. As it is common in many classroom experi-

ments, and because the exceptionally large number of students

involved in our setting would make paying them too expen-

sive, we do not use monetary incentives. However, we give stu-

dents a non-monetary incentive to play effectively: at the end

of each of the three phases, subjects are ranked according to

their corrected total profit in that phase. 11 We then asked the

four subjects having earned the highest (lowest) total profit in

that phase to stand up so as to be publicly praised (flouted) for

their performance by classmates. 12 

Main treatments. The main treatment variable is the trading

mechanism used to allow buyers and sellers to interact within a

trading period. We have two trading mechanisms, DA and OTC,

with 42 experimental sessions per treatment. In both treat-
11 Profits are in fact corrected: since redemption values are assigned randomly, 

ubjects who are less lucky would be penalized. Therefore, we implement a correc- 

ion factor that, for buyers, is proportional to the distance between their valuation 

nd the highest valuation in the market and, for sellers, is proportional to the dis- 

ance between their cost and the lowest cost in the market. Before the beginning 

f the experiment, subjects are informed about the way profits will be corrected. 
12 On the methodology of classroom experiments and the issue of whether mon- 

tary incentives are really necessary to motivate experimental subjects, see Holt 

1999) , Guala (2005) , and Bardsley et al. (2009) . For example, Camerer and Hogarth 

1999) review 74 experiments with no, low, or high performance-based monetary 

ncentives, and find that the modal result has no effect on mean performance. More 

enerally, although we acknowledge that monetary incentives are important in mar- 

et experiments, our study is comparative (behavior in OTC is analyzed in contrast 

o behavior in DA). Hence, the absence of monetary incentives should not affect our 

ain comparative results. 
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ments, once a subject’s quote is accepted by a counterpart, the

closing price appears on the screens of all subjects, not only

of the two traders. In this way prices of closed transactions are

made public in chronological order. However, two main features

distinguish the DA from the OTC treatment: 
• Public vs. private quotes . We define a buyer’s (seller’s) bid (ask)

as “public” if it can be addressed to all sellers (buyers) in the

market and it is disclosed to all buyers and sellers (also to those

no more in the market). Conversely, we define a quote as “pri-

vate” if it can be addressed to only one counterpart in the mar-

ket and only this subject can observe it. In particular: 
• In the DA treatment, buyers and sellers post their bids and

asks publicly, so that the bid-ask history of the market is

public information. Hence, every buyer (seller) is always in-

formed about the best bid (ask) on the market. 
• In the OTC treatment, each subject looks for the best

counterpart through private bids and asks. More precisely,

a subject can send only one quote at a time to a single

counterpart, by indicating the amount of the quote and the

counterpart’s ID. He/she may withdraw the quote at any

moment during a period (e.g., because the counterpart does

not reply soon after receiving it), and make a new quote

that differs either in terms of the amount, the counterpart’s

ID or both. 13 

• Bid/ask improvement rule . The bid/ask improvement rule im-

poses that, in order to make a valid quote, a subject has to im-

prove on the existing situation. A buyer has to submit a bid

higher than the current highest bid (ascending auction), and

a seller has to submit an ask lower than the current lowest

ask (descending auction). When a buyer and a seller reach an

agreement, they exit the market, the standing bids and asks are

removed, and new bids and asks can be submitted. 
13 Notice that it is possible that a subject receives more than one offer at a time 

because his/her ID has been indicated by more than one counterpart during the 

ame time interval). In this case, offers are automatically ranked, so that the best 

ossible deal always appears on the top of the subject’s screen. 
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Table 1 

Number of sessions per treatment. 

No Shock D − D + S − S + 

DA 18 6 6 6 6 

OTC 18 6 6 6 6 
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• In the DA treatment, the bid/ask improvement rule holds.

Every subject is informed about the highest bid and the

lowest ask existing in the market, and a transaction between

a buyer and a seller is realized when either the former ac-

cepts the standing lowest ask of the sellers’ descending auc-

tion or the latter accepts the standing highest bid of the

buyers’ ascending auction. The closing price is the accepted

quote. 
• In the OTC treatment, the bid/ask improvement rule does

not hold: subjects do not observe the best bid and ask

present in the market, and, whenever they withdraw a

quote, they can replace their previous bid (ask) with a lower

(higher) one in the new quote. 

Additional treatments. We define an exogenous shock as a

modification in the buyers’ valuations (i.e., a shift in the market

demand curve) or a modification in the sellers’ costs (i.e., a shift in

the market supply curve) that leads to a change in the competitive

quantity q ∗ and the competitive price p ∗. Further treatment vari-

ables are: the possibility that an exogenous shock is introduced in

the second phase; whether this shock concerns the buyers’ valu-

ations or the sellers’ costs; whether valuations (or costs) are in-

creased or decreased. 

• No shock vs. shock . In 36 over 84 experimental sessions no

shock is applied in the second phase. In all phases of the exper-

iment, the distribution of valuations/costs is always the same,

leading to either A , or B or C in Fig. 1 (6 experimental ses-

sions per treatment for each quantity-price combination). 14 In

the remaining 48 experimental sessions a shock is applied to

either demand or supply for both the DA treatment (24 ses-

sions) and the OTC treatment (24 sessions). In all these ses-

sions, a shock occurs at the beginning of the second phase

(period 4), and is maintained during the whole second phase

(periods 4–6) and during the third phase (periods 7–9). The

third phase is mainly run in order to check whether further

learning on the part of the subjects may have different ef-

fects on the experimental outcomes when a specific shock is

applied. 
• Types of shocks . We implement four different types of shocks (6

experimental sessions for each type of shock, per treatment).

Each type of shock is characterized by two features: whether

the variation concerns the support of the valuations or the sup-

port of the costs; whether all redemption values in a support

are increased or decreased by the same amount. 15 Shocks pro-

duce shifts in either the demand or the supply curve and thus

lead to a change in the predicted competitive quantity q ∗ and

competitive price p ∗. By defining as negative ( positive ) a shock

that leads to an decrease (increase) of the competitive quantity

q ∗, the four shocks can be classified as: 16 

1. a negative (downward) shift of demand, indicated as D 

− and

leading to a decrease of both q ∗ and p ∗ (in Fig. 1 , from A to

C ); 

2. a positive (upward) shift of demand, indicated as D 

+ and

leading to an increase of both q ∗ and p ∗ (in Fig. 1 , from C to

A ); 
14 In particular, we have 12 no-shock sessions with A as predicted equilibrium 

combination in all trading periods (6 under DA and 6 under OTC); 12 no-shock 

sessions with B (6 under DA and 6 under OTC); 12 no-shock sessions with C (6 

under DA and 6 under OTC). 
15 This amount is 12 integers for each shock; i.e., it is the distance between the 

two demand functions in Fig. 1 , that is equal to the distance between the two sup- 

ply functions in the same figure. 
16 Given that two of the four types of shock have A as pre-shock predicted com- 

bination, of the 24 sessions with shocks for each main treatment (DA and OTC), 

12 have predicted combination A , 6 have predicted combination B , and 6 have pre- 

dicted combination C before the shock. 
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3. a negative (upward) shift of supply, symbolized by S − and

determining a decrease of q ∗ and an increase of p ∗ (in Fig. 1 ,

from A to B ); 

4. a positive (downward) shift of supply, symbolized by S + and

determining an increase of q ∗ and a decrease of p ∗ (in Fig. 1 ,

from B to A ). 
• Information . Subjects are given no information about the fact

that a shock has been applied in the second phase and main-

tained in the third phase, nor about the type of shock. 

Table 1 summarizes our experimental treatments by indicat-

ng the absolute number of sessions that we ran for each market

echanism (main treatments: DA and OTC), without shock and for

ach of the four types of shock ( D 

−, D 

+ , S −, S + ). As Table 1 shows,

e ended up having 10 treatments, each one characterized by a

ifferent mechanism-shock combination. 

. Behavioral predictions 

We base our behavioral predictions on a very simple model

f search under incomplete information. This model is a simpli-

ed version of those presented in Duffie et al. (2005) , Duffie et al.

2007) , and Duffie (2012) . 

The market is populated by two types of agents: buyers ( b ) and

ellers ( s ). Each agent is exogenously assigned to be either a buyer

r a seller with probability 0.5. Each buyer and seller could be ei-

her of the intra-marginal type , that is, her valuation is higher, re-

pectively, her cost is lower than the equilibrium price; or of the

xtra-marginal type , that is, her valuation is lower, respectively, her

ost is higher than the equilibrium price. We denote as μbi and μsi ,

espectively, the fractions of intra-marginal buyers and sellers; and

s μbe and μse the fractions of extra-marginal buyers and sellers.

e have that: 

bi + μbe + μsi + μse = 1 . 

t the beginning of the trading period, each agent is assigned ex-

genously to one of these four types. Sellers are endowed with

nly 1 unit of the good. Whenever a trade occurs, the buyer and

he seller exit the market. When bargaining with a specific coun-

erpart, agents cannot search for alternative trading partners. Trad-

ng periods are independent of each other. 

Agents are risk neutral and they are randomly matched with

onstant intensity λ. This intensity may be considered as the sum

f the intensity of agent a contacting other agents and the inten-

ity of the same agent a to be contacted by other agents being on

he other side of the market. Denote as p the trading price, as v b 
he exogenous valuation of a buyer, and as c s the exogenous cost

f a seller. In particular, with v bi (resp., v be ) we refer to the valua-

ion of an intra-marginal (resp., extra-marginal) buyer, and with c si 

resp., c se ) to the cost of an intra-marginal (resp., extra-marginal)

eller. Similarly, we denote as p ∗ the competitive equilibrium price,

hich is also exogenously given. The equilibrium quantity, q ∗, is

iven by the number of intra-marginal sellers at the beginning of

he trading period. We assume min ( v be ) > min ( c si ), and max ( c se )

 max ( v bi ), so that trade may occur between extra-marginal and

ntra-marginal players. However, trade never occurs between an

xtra-marginal buyer and an extra-marginal seller. The probability

f a trade occurring is given by 

(μ μ + μ μ + μ μse ) . 
bi si be si bi 
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Table 2 

Efficiency index in the no-shock treatment. 

DA OTC 

Period 1 87.8 68.3 

Period 2 94.7 84.8 

Period 3 93.3 84.6 

Phase 1 91.9 79.2 

Period 4 95.2 92.1 

Period 5 94.2 92.7 

Period 6 93.9 89.6 

Phase 2 94.4 91.5 

Period 7 93.9 91.6 

Period 8 93.0 83.6 

Period 9 92.4 80.1 

Phase 3 93.1 85.1 

Total 93.1 85.3 
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s in Duffie (2012) , the trading price is determined as the

eighted sum of the valuation of the buyer and the cost of the

eller. That is: 

p = (1 − q ) v b + qc s , 

here q ∈ [0, 1] is defined as the bargaining power of the buyer. 17 

e take q as follows: 

 = 

ρ( 1 + λμsi ) 

ρ( 1 + λμsi ) + (1 − ρ) ( 1 + λμbi ) 
, 

ith ρ ∈ [0, 1]. This implies that the bargaining power of the buyer

epends positively (negatively) on the fraction of intra-marginal

ellers (buyers) still on the market: when competition on the

ellers’ side (proxied by μsi ) increases, the bargaining power of

he buyer increases; vice versa, when competition on the buyers’

ide (proxied by μbi ) increases, this bargaining power decreases.

raders’ matching intensity λ amplifies this effect ( q depends pos-

tively on λ if μsi > μbi ). 

The equilibrium of this market is reached when there are no

ore trades possible, so that μsi = μbi = 0 . Thus, q = ρ, a constant,

ith 

 (p) = (1 − ρ) E (v b ) + ρE (c s ) = p ∗. 

Furthermore, when the intensity λ → ∞ , 

 = 

ρμsi 

ρμsi + (1 − ρ) μbi 

. 

In our experiments, ρ = 0 . 5 , as the market is symmetric. This

mplies that, in equilibrium, buyers and sellers have the same bar-

aining power. 

Notice, however, that there still may be two sources of potential

nefficiency. The matching intensity λ generates a market friction

hat disappears as λ tends to infinity. The other source is given

y the way in which agents are matched. If all trades occur be-

ween infra-marginal players, then the symmetry of the market is

aintained within a trading period and inefficiencies are not pos-

ible. Nevertheless, with some probability, a matching can occur

etween an extra-marginal and an infra-marginal players. These

atches modify the market symmetry and generate inefficiencies.

hile the OTC market may be affected by both sources of inef-

ciency, the DA market is only affected by the latter. This is be-

ause information is public in the DA setting, and therefore λ →
 , whilst in the OTC market λ < ∞ . 

Based on this very simple model, we make the following be-

avioral predictions: 

(i) The average trading price of the OTC market may deviate

from the equilibrium price more than in the DA market, be-

cause of the additional friction given by λ. This would also

affect the quantity traded on the market. 

(ii) The number of extra-marginal players that are able to trade

is higher in the OTC setting. This generates a deviation from

the competitive market surplus. 

(iii) Market adjustments happen more rapidly as λ increases: an

exogenous shock on the equilibrium price p ∗ would be ab-

sorbed more rapidly in DA than in OTC. 

. Results 

The basic measure on which we rely to compare the perfor-

ance of DA and OTC mechanisms is the efficiency index defined by

mith (1962) and used, among others, by Gode and Sunder (1993) .
17 This weighted sum can be thought as a Rubinstein’s bargaining game in which 

ither the buyer or the seller are asked to submit a post with probability q and 

 − q, respectively. 

i  

i  
t is the ratio between the total uniperiodal profit actually earned

y all traders in a market (i.e., the sum of consumer and producer

ealized market surplus), and the maximum total uniperiodal profit

hat could have been earned by all traders in the market (i.e., the

um of consumer and producer equilibrium surplus). The efficiency

ndex goes from 0 (minimal efficiency) to 100 (full efficiency) per-

entage points, with full efficiency being reached if all subjects

rade at the equilibrium price. 

The efficiency index, however, says nothing about the causes of

he inefficiency. To better understand these causes, we also com-

are the quantity actually traded in these markets with the pre-

icted competitive quantity, and study the pattern of closing prices

nder the DA and OTC mechanisms. Moreover, following Rust et al.

1993) , we decompose inefficiency into two main components:

ntra-marginal inefficiency and extra-marginal inefficiency . There is

ntra-marginal inefficiency (henceforth IM-inefficiency ) when two

ntra-marginal traders – i.e., a buyer with a valuation higher than

he competitive price and a seller with a cost lower than the com-

etitive price – do not exchange. Extra-marginal inefficiency ( EM-

nefficiency ), by contrast, occurs when an extra-marginal trader –

.e., a buyer with a valuation lower than the competitive price or a

eller whose cost is higher than the competitive price – exchanges

ith an intra-marginal trader. 

First we compare the relative performance of DA and OTC

echanisms in the 36 sessions (18 per mechanism) without

hocks. Then we perform the same analysis for the 48 sessions (24

er mechanism) characterized by an exogenous shock in period 4,

hat is, at the beginning of the second phase. In order to facilitate

omparison between the treatments without shocks ( Section 4.1 )

nd those with shocks ( Section 4.2 ), we report results for the en-

ire experimental session (periods 1–9) and for the first phase (pe-

iods 1–3), the second phase (periods 4–6), and the third phase

periods 7–9) separately. 18 

.1. DA and OTC without shocks 

Table 2 reports the efficiency index for the DA and OTC markets

espectively. Recall that the informational advantage of the DA over

he OTC mechanism is due to the fact that in the former the entire

istory of bids and asks is public information, while in the latter

nly the closing prices are made public. As expected, this makes

he DA market more efficient, on average, than the OTC market.

ore precisely, over periods 1–9 we observe an average efficiency

ndex of 93.1 in the DA market: this result is in line with past find-

ngs of Gode and Sunder (1993) , and Cason and Friedman (1996) .
18 All data are available upon request. 
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Table 3 

Traded quantity q vs. competitive-equilibrium quantity q ∗ in the no-shock 

treatment (for each mechanism, in percentage over all sessions within the 

same period). 

DA OTC 

q < q ∗ q = q ∗ q > q ∗ q < q ∗ q = q ∗ q > q ∗

Period 1 33 .3 33 .3 33 .4 100 .0 0 .0 0 .0 

Period 2 0 .0 38 .9 61 .1 55 .6 33 .3 11 .1 

Period 3 11 .1 38 .9 50 .0 44 .4 27 .8 27 .8 

Phase 1 14 .8 37 .0 48 .1 66 .7 20 .4 13 .0 

Period 4 5 .6 22 .2 72 .2 33 .3 27 .8 38 .9 

Period 5 11 .1 27 .8 61 .1 22 .2 38 .9 38 .9 

Period 6 11 .1 27 .8 61 .1 50 .0 22 .2 27 .8 

Phase 2 9 .3 25 .9 64 .8 35 .2 29 .6 35 .2 

Period 7 11 .1 22 .2 66 .7 44 .4 27 .8 27 .8 

Period 8 11 .1 50 .0 38 .9 72 .2 11 .1 16 .7 

Period 9 27 .8 27 .8 44 .4 72 .2 22 .2 5 .6 

Phase 3 16 .7 33 .3 50 .0 63 .0 20 .4 16 .7 

Total 13 .6 32 .1 54 .3 54 .9 23 .5 21 .6 
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We also find that the average efficiency index is greater in the DA

than in the OTC market (85.3), with this difference being signifi-

cant at 1% level (see results of Mann-Whitney test in the first row,

first column of Table A.1 in the Appendix, rejecting the null hy-

pothesis of equal population medians with P-value = 0.0 0 0). This

significant loss of efficiency in the OTC market is quantified in 7.8

efficiency points on average across all trading periods. 

As it has been already shown in other experimental studies

(see Cason and Friedman, 1996 , and references therein), experi-

ence in market experiments, i.e. learning, increases the efficiency

of a market institution. In our study this is true, in particular, for

the OTC mechanism. Over the first phase of the experiment (peri-

ods 1–3) its average efficiency index is in fact 79.2, which is more

than 10 points smaller than the average efficiency index of the DA

mechanism (91.9) and more than 20 points far from full efficiency.

This situation leaves more room for efficiency gains due to traders’

learning. In fact, in passing from the first to the second phase of

the experiment (periods 4–6), the average efficiency of the OTC

mechanism increases by more than 12 efficiency points (from 79.2

to 91.5) and the gap with the average efficiency of the DA mech-

anism (94.4) reduces to just 2.9 efficiency points. However, the

improvement in the efficiency of the OTC mechanism disappears

when the trading time shortens. In the third phase of the experi-

ment (periods 7–9), when the trading time in each period is only

60 s, that is half the time of all previous periods, the efficiency in-

dex of the OTC mechanism significantly decreases, and passes from

91.5 (second phase) to 85.1 (third phase). This loss of efficiency

appears to be due to the lack of time to privately look for the

best counterpart in the OTC market. This supposition is confirmed

by the fact that in the DA market, which is less affected by lack

of time thanks to the faster public double-auction trading proce-

dure, the average efficiency in the third phase (93.1) is only slightly

smaller than the average efficiency in the second phase (94.4). It is

important to notice, however, that the average efficiency index for

the OTC market in the third phase of the experiment (85.1) is sig-

nificantly greater (6 efficiency points) than in the first phase (79.2).

Therefore, it seems that in the OTC market learning effects partially

compensate the increased difficulty in finding the best counterpart

when the time available is halved. 

The above findings are summarized as follows: 

Result 1 (Efficiency). The DA market is significantly more efficient

than the OTC market. The efficiency gap can be quantified in 7.8

efficiency points over all trading periods. Learning partially offsets

this efficiency gap, although this effect is smaller the smaller the

length of the trading period. 

Now we focus on the analysis of the causes of the higher inef-

ficiency of the OTC mechanism. This may come from two sources:

the actual traded quantity q being different from the competitive

quantity q ∗; and/or closing prices converging to a price that is dif-

ferent from the competitive price p ∗. 

Table 3 reports, for each of the nine trading periods, the frac-

tion of sessions where the traded quantity is different than the

competitive one. Indeed, if q < q ∗, then profitable trades be-

tween some intra-marginal buyer and some intra-marginal seller

have not taken place. If q > q ∗, then some commodity units that

should have been left out of the market have instead been ex-

changed: either some extra-marginal buyer managed to buy from

an intra-marginal seller, or some extra-marginal seller managed

to sell his/her unit to an intra-marginal buyer, or both. Notice

that exchange between two extra-marginal traders is impossi-

ble: extra-marginal buyers have valuations below the competitive

price, while extra-marginal sellers have costs above the competi-

tive price. Therefore, the set of possible agreements between these

two categories of traders is empty. 
Table 3 shows that in the DA market, q < q ∗ in only 13.6%

f all trading periods. This result is consistent with existing

xperimental evidence about DA (see, e.g., Gode and Sunder, 1993,

ason and Friedman, 1996 ), and appears to be due to the informa-

ional features of the DA mechanism. Since in these markets the

urrent highest bid and the current lowest ask are public informa-

ion, it is easy for intra-marginal buyers (who have higher valua-

ions than extra-marginal buyers) and intra-marginal sellers (who

ave lower costs than extra-marginal sellers) to propose deals that

an be accepted by an intra-marginal counterpart. This aspect of

he DA mechanism is not significantly affected by learning or the

uration of the trading period, as the percentage of periods for

hich q < q ∗ remains quite stable over the three phases of the

xperiment. 

In the OTC market, q < q ∗ much more frequently than in DA

arket, namely in 54.9% of all trading periods. Our explanation for

his result is that, since in OTC markets negotiations are conducted

n a one-to-one basis, intra-marginal traders can easily miss the

ossibility of closing a profitable transaction before the end of the

rading period, due the limited trading time. To support this expla-

ation, notice that, when traders become more experienced, the

ercentage of periods for which q < q ∗ strongly decreases: it is

6.7% on average in the first phase, and only 35.2% on average in

he second phase. This corresponds to a notable increase in the

fficiency of the OTC mechanism ( +12 . 3 efficiency points), as re-

orted in Table 2 above. Correspondingly, the decrease in efficiency

rom the second to the third phase in the OTC market ( −6 . 4 effi-

iency points) is associated with a significant increase (from 35.2%

o 63% on average) in the percentage of periods for which q < q ∗.

n the OTC mechanism, therefore, the positive effects of learning

n the quantity traded disappear as the length of the trading pe-

iod decreases. 

These findings can be summarized as follows: 

esult 2 (Traded quantity). The DA trading mechanism only rarely

elivers a traded quantity q lower than the competitive quantity

 

∗. This is independent of traders’ learning. Conversely, the OTC

rading mechanism very often delivers q < q ∗; learning about the

rading mechanism significantly reduces the number of trading pe-

iods where q < q ∗, although this effect is smaller the smaller the

ength of the trading period. 

The result that in the OTC market q < q ∗ can be related to

he pattern of closing prices . If the market converges to an aver-

ge closing price below (above) the competitive price p ∗, intra-

arginal sellers (intra-marginal buyers) – who in a competitive

arket would have sold (bought) a unit of the good – are left
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Fig. 2. Closing price patterns in a DA market (left panel) and an OTC market (right panel) in a no-shock treatment. Dashed line: competitive price; continuous line: average 

closing price. 
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19 Notice that, for each trading mechanism (DA and OTC), we do not find signif- 

icant differences in experimental outcomes across the three different distributions 

of valuations/costs (i.e., among A, B and C in Fig. 1 , for the 18 sessions without 

shocks in each main treatment). Therefore, without loss of generality, given a trad- 

ing mechanism, we can analyze �p ∗
i 

by pooling data of all sessions with no shock. 
20 Since we have a large panel of price processes for each period, we use the Sys- 

tem GMM estimator developed by Blundell and Bond (1998) . We run a regression 

for each treatment separately and then a joint regression with both treatments. 
ut of the market. This, in turn, reduces the quantity exchanged

nd generates inefficiencies. We therefore take a closer look at the

attern of closing prices and at their possible convergence to the

ompetitive equilibrium. 

In the left panel of Fig. 2 , we draw the pattern of closing prices

n all trading periods of a single DA experimental session, while

n the right panel we do the same for a single OTC session (as

e will see in a moment, what happens in these two specific ses-

ions is representative of what occurs in all other sessions). For

ach of the 9 periods of both sessions, the predicted equilibrium

ombination is A in Fig. 1 , i.e. (q ∗, p ∗) = (17 , 64) . In both panels

f Fig. 2 , the units traded are plotted in abscissas according to the

hronological order in which they have been traded in each period

the first unit traded in period 1 comes first on the abscissas line,

he second unit traded in period 1 comes second, etc.), with units

raded in period 2 plotted after those traded in period 1, and so

n until period 9. The prices corresponding to each traded unit are

lotted in ordinates; the dashed line corresponds to the predicted

ompetitive price, while the continuous line expresses the average

losing price over all 9 periods. 

Fig. 2 shows that price convergence to the average closing price

ccurs in both markets. However, in the DA treatment the average

losing price almost coincides with the competitive price (the con-

inuous and dashed lines are superposed). In contrast, in the OTC

reatment the average closing price is clearly below the compet-

tive price. The latter result might be explained by the fact that,

espite the experimentally-imposed symmetry between the role of

uyer and the role of seller, sellers feel much more pressure than

uyers in finding a trading counterpart. They want to get rid of the

nit of the good they own, and thus are willing to sell it cheaply

see Feldhütter, 2012 ). 

As a matter of fact, the average share of the total surplus al-

ocated to buyers in the DA market is 54.8%; while it is equal to

0% in the OTC. This difference is significant at 1% level using a

ilcoxon rank sum test. 

This pattern of closing prices does not characterize only the

pecific DA and OTC experimental sessions represented in Fig. 2 ,

ut holds for all the DA and OTC experimental sessions without

hocks. This is shown in Fig. 3 , where we report the histogram

f the relative deviations from the competitive price for periods
–6 of all experimental sessions with no shock. Recall that (see

able 2 ), among the three phases of the experiment, the highest

fficiency is found in the second phase (periods 4–6) and that this

olds for both trading mechanisms. Given that the maximum (full)

fficiency is found by construction when (p, q ) = (p ∗, q ∗) , we guess

hat if convergence to the competitive equilibrium were reached,

his would happen in the second phase. Therefore, we plot the

istogram of �p ∗
i 

= (p i − p ∗) /p ∗, where p i is the closing price of

ommodity unit i in periods 4–6 and p ∗ is the competitive price. 19 

n the left panel of Fig. 3 , we report the histogram of �p ∗
i 

for the

A treatment. Although this distribution is slightly skewed on the

eft, it is roughly centered around 0. This confirms that, over all

A sessions with no shock, the closing prices converge to p ∗ in

he second phase of the experiment. In contrast, the histogram for

he OTC market – Fig. 3 , right panel – shows that relative devi-

tions of closing prices are almost normally distributed and that

heir mean is slightly below 0. This confirms that, even when we

onsider all OTC experimental sessions, the closing prices converge

o a price below the competitive price. This, in turn, implies that

ome intra-marginal sellers are left out of the market, that the ex-

hanged quantity remains lower than the competitive quantity, and

hat inefficiencies emerge. 

The findings summarized in Figs. 2 and 3 are also confirmed by

he dynamic panel data regression of closing prices in Table A.2 in

he Appendix. In both main treatments DA and OTC, autocorrela-

ion coefficients of lag prices are all positive and lower than 1,

hich confirms price convergence under both trading mechanisms.

urthermore, in the joint regression, the OTC-treatment dummy is

ignificant and negative, thereby confirming that closing prices are

n average lower in the OTC than in the DA treatment. 20 

Therefore, the following result can be stated: 
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Fig. 3. Histograms of the relative deviations of closing prices from the equilibrium price, periods 4–6 in DA (left panel) and OTC (right panel), in no-shock treatment. 
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Result 3 (Closing price). In the DA treatment the average closing

price almost coincides with the competitive price, while in the OTC

treatment the average closing price is significantly lower than the

competitive price. All this also holds in the second phase of the

experiment, where closing prices are more likely to converge to

the equilibrium price. 

Result 3 is further explored in a regression analysis of efficiency

that is based not only on the data for periods 4–6, but on data of

all periods (see Table A.3 in the Appendix). 21 This regression shows

that efficiency in DA markets is increasing as the average trading

price p̄ approaches the equilibrium price, p ∗, that is, as the abso-

lute difference | ̄p − p ∗| shrinks. By contrast, in the OTC market a

decrease in | ̄p − p ∗| does not lead to any statistically significant

change in efficiency. This finding is consistent with our descrip-

tive analysis about the two markets. The DA market exhibits a very

consistent behavior, in that p̄ is often close to p ∗ (for about 40% of

our trading periods, the absolute difference is lower than 1 unit).

Therefore, even a very slight change in the average trading price

can entail a change in the efficiency for this market. Conversely,

in the OTC mechanism this difference between p̄ and p ∗ is often

large (for more than 76% of the trading periods p̄ is more than 1

unit away from p ∗ and, in 74% of them, this difference is negative).

Therefore, there is not sufficient variation for the absolute differ-

ence to have a significant impact on efficiency. 

Notice that this is also consistent with the informational fea-

tures of the two markets. In the DA market, the bid-ask improve-

ment rule drives out extra-marginal players from the game as they

can hardly beat the quotes made by intra-marginal players. The

pricing feature of the market becomes very important in this con-

text, as slight deviations from the equilibrium price (and for a

given equilibrium quantity), can change the total surplus by ex-

cluding extra-marginal players or including intra-marginal ones. In

the OTC market, there is no information about the bids and asks of

other players. Therefore, the mass of trades becomes a more cru-
21 We use a zero-or-one inflated beta regression model, since the dependent vari- 

ables are bounded in the interval [0, 1] and can take values at the boundaries with 

positive probability. For a general approach and an extensive description of beta 

regressions see Ospina and Ferrari (2012) . t
ial determinant of market efficiency. A traded quantity closer to

he equilibrium quantity generates by itself more market efficiency

n the OTC mechanism. Although this may also cause the average

rading price to be closer to the equilibrium price, the latter effect

eems to go through only via the distance between the traded and

he equilibrium quantity. 22 

The analysis can be brought further. To better understand the

fficiency gap between the DA mechanism and the OTC mech-

nism, it is useful to decompose the loss of surplus gener-

ted by these two market mechanisms into IM-inefficiency , which

merges when two intra-marginal traders do not exchange; and

M-inefficiency , which occurs when an extra-marginal trader ex-

hanges with an intra-marginal trader. 

There is a somewhat tricky relationship between IM-

nefficiency, EM-inefficiency, the traded quantity q , and the

ompetitive quantity q ∗. First, IM-inefficiency is linked to a de-

rease in the traded quantity: if two intra-marginal traders do

o exchange, then q cannot be greater than q ∗. EM-inefficiency,

n contrast, could be linked to an increase in the traded quan-

ity, though it can be present also if q is unchanged. To see

hy, recall that exchange between two extra-marginal traders is

mpossible. Thus, an extra-marginal trader always trades a com-

odity unit with an intra-marginal trader, and in so doing he/she

isplaces some intra-marginal trader. Two things may happen

o a displaced intra-marginal trader: he/she may find another

xtra-marginal trader with whom he/she trades a commodity unit

nd in this case q increases; otherwise, he/she may be unable

o trade a commodity unit, in which case the quantity q traded

n the market does not change. To complicate the picture, when

 < q ∗, both IM-inefficiency and EM-inefficiency can be present.

or instance, imagine that intra-marginal buyer b 1 and intra-

arginal seller s 1 are unable to trade: this decreases the traded

uantity and generates IM-inefficiency. However, at the same time,

ntra-marginal buyer b 2 trades with extra-marginal seller s 3 who

umps intra-marginal seller s 2. This creates EM-inefficiency but
22 This is also confirmed by the fact that the same regression analysis conducted 

by omitting the difference in quantity gives a negative and significant coefficient for 

he difference between p̄ and p ∗ in the OTC market. 
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Table 4 

Sources of inefficiency (in percentage over total inefficiency) in 

the no-shock treatment. 

IM-inefficiency EM-inefficiency 

DA OTC DA OTC 

Period 1 16 .6 70 .9 83 .4 29 .1 

Period 2 0 .0 29 .3 100 .0 70 .7 

Period 3 5 .5 23 .3 94 .5 76 .7 

Period 4 0 .0 15 .4 100 .0 84 .6 

Period 5 3 .1 11 .0 96 .9 89 .0 

Period 6 6 .1 20 .1 93 .9 79 .9 

Period 7 6 .6 18 .6 93 .4 81 .4 

Period 8 6 .8 33 .2 93 .2 66 .8 

Period 9 11 .8 42 .7 88 .2 57 .3 

Total 6 .3 26 .2 93 .7 73 .8 
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oes not modify the traded quantity, which remains one unit

elow q ∗. 

We can summarize the relationships between IM-inefficiency,

M-inefficiency, q and q ∗ as follows: 

• if q > q ∗, the only source of inefficiency is EM-inefficiency; 
• if q = q ∗ and realized surplus equals equilibrium surplus, the

inefficiency equals 0: all intra-marginal traders have traded

their unit and all extra-marginal traders did not trade; 
• if q = q ∗ but realized surplus is lower than equilibrium surplus,

then the existing efficiency is certainly due to EM-inefficiency.

IM-inefficiency is ruled out because q is not smaller than q ∗; 
• if q < q ∗, we certainly have IM-inefficiency, but we may also

have EM-inefficiency. 

Based on our data – that include the redemption values of

ll traders, the competitive quantity and price, the equilibrium

urplus, the quantity actually traded, and the closing prices of

ll traded units – we can decompose the loss of surplus associ-

ted with a specific trading mechanism (DA or OTC) into its IM-

nefficiency and EM-inefficiency components. 23 Table 4 reports the

esults of our market inefficiency audit, by indicating – separately

or the DA mechanism and for the OTC mechanism – the percent-

ge of IM-inefficiency and of EM-inefficiency behind the loss of

urplus generated by a specific trading mechanism (notice that, for

ach mechanism, the sum of the two percentages is 1). 

We find that in the DA market IM-inefficiency accounts on av-

rage for only 6.3% of total inefficiency, while EM-inefficiency ac-

ounts for the residual 93.7%. This is congruous with the data dis-

layed in Table 3 , which show that in DA markets the traded quan-

ity q is lower than the competitive quantity q ∗ only in 13.6% of all

arket periods (recall that we have IM-inefficiency, possibly asso-

iated with EM-inefficiency, only when q < q ∗). In the OTC set-

ing, by contrast, we have a mixture of IM-inefficiency and EM-

nefficiency. However, as in the DA setting, EM-inefficiency plays a

ore important role: on average across all sessions, IM-inefficiency

ccounts for only 26.2% of the total market inefficiency. Again, this

nding is consistent with the data of Table 3 according to which

n the OTC setting q is lower than q ∗ in 54.9% of all market pe-

iods. Furthermore, notice that in the OTC setting, the weight of

M-inefficiency is significantly greater than 50% only in trading pe-

iod 1, where several inexperienced intra-marginal traders are un-

ble to find the best counterpart within the allowed 3 min. The

ighest IM-inefficiency is found in period 1 also in the DA set-
23 It is worth mentioning that, despite the fact that we are discussing and pre- 

enting the aggregate effects of intra-marginal and extra-marginal inefficiency, we 

erform our analysis recording the instances of each type of inefficiency for each 

rading period. 

t  

fi

t

ing, although here it only accounts for 16.6% of the loss of surplus.

gain, in the DA mechanism public asks/bids facilitate immediate

earning of the trading mechanism and reduce the time needed

o find the best counterpart to trade with. The findings summa-

ized in Tables 3 and 4 are confirmed by Beta regression analy-

is of efficiency and IM-inefficiency by treatment (see Table A.3 in

he Appendix): in both the DA and the OTC market, an increase in

he traded quantity q with respect to the equilibrium quantity q ∗

ncreases efficiency and decreases (increases) IM-inefficiency (EM-

nefficiency). All these effects are significant at 1% level. 

These findings are summarized in the following: 

esult 4 (Sources of inefficiency). The source of inefficiency in

he DA market is almost exclusively extra-marginal. An important

mount of intra-marginal inefficiency is instead detected in the

TC market, though significantly smaller than the amount of extra-

arginal inefficiency. 

.2. DA and OTC with shocks 

In order to grasp better the functioning of the OTC mechanism

nd compare it with the functioning of the DA mechanism, we in-

roduce shocks into the picture and study how the efficiency of

ach mechanism is affected by shocks. Recall that, in our design,

hocks are shifts in either the demand or the supply curve that

ead to a change in both the competitive quantity q ∗ and the com-

etitive price p ∗. In all 48 experimental sessions with shocks, the

hock occurs in period 4 (first period of the second phase) and is

aintained until the end of the experiment, i.e. both during the

econd phase (periods 4–6) and during the third phase (periods

–9). We implement four types of shock: D 

−, which decreases q ∗

nd p ∗; D 

+ , which increases q ∗ and p ∗; S −, which decreases q ∗ and

ncreases p ∗; and S + , which increases q ∗ and decreases p ∗. 

Table 5 reports the efficiency index for DA and OTC markets in

eriod 4, over periods 4–6 (second phase), and over periods 7–

 (third phase) in the case without shocks (first column) and for

ach of the four types of shock. 24 

Consider first the DA market. Without shocks, the efficiency in-

ex in period 4 is equal to 95.2. When shocks decreasing q ∗ are

mplemented (i.e. D 

− and S −), the efficiency index in period 4

s slightly lower: −5 efficiency points for D 

− and −3 . 9 efficiency

oints for S −. In contrast, for shocks increasing q ∗ (i.e. D 

+ and

 

+ ), the efficiency index is slightly higher in period 4: +1 . 6 effi-

iency points for D 

+ and +2 . 1 for S + . Over periods 4–6, the effi-

iency loss associated with negative shocks tends to vanish: for the

 

− shock the efficiency index (93.1) approaches the one without

hocks (94.4). The same happens for the S − shock, where the effi-

iency index (93.6) is even closer to the treatment without shocks.

onversely, the efficiency gap between the baseline treatments and

hose with positive shocks hangs over ( +1 . 8 for D 

+ and +3 . 2 for

 

+ ). Table 5 shows similar qualitative results over periods 7–9, cou-

led with a slight decrease of efficiency – independent of the pres-

nce of a shock and of the type of shock – due to trading periods

f reduced time length. Notice that, given the sign of the shock, no

ignificant asymmetry is detected between shocks concerning the

emand function and shocks concerning the supply function in any

f periods 4–9. 

The main finding is in accord with those presented in other

tudies of DA markets with shocks (see, e.g., Davis et al., 1993 ):

he temporary efficiency loss provoked in DA markets by shocks

 

− and S − may be explained by the fact that both shocks increase

he fraction of extra-marginal traders in the market ( D 

− increases
24 Although efficiency in periods 1–3 is an important benchmark to compare ef- 

ciency within a given treatment, we focus here only on efficiency comparison be- 

ween treatments. 
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Table 5 

Efficiency index by main treatment and type of shock. 

No shock D − D + S − S + 

Periods Periods Periods Periods Periods 

4 4–6 7–9 4 4–6 7–9 4 4–6 7–9 4 4–6 7–9 4 4–6 7–9 

DA 95.2 94.4 93.1 90.2 93.1 91.7 96.8 96.2 93.9 91.3 93.6 94.8 97.3 97.6 96.0 

OTC 92.1 91.5 85.1 90.0 88.4 86.4 95.7 93.4 86.0 90.0 89.5 86.7 97.3 94.8 89.7 

Table 6 

Traded quantity q vs. competitive quantity q ∗ in the OTC treatment with shocks (in percentage over all 

periods. 

Period 4 Periods 4–6 Periods 7–9 

q < q ∗ q = q ∗ q > q ∗ q < q ∗ q = q ∗ q > q ∗ q < q ∗ q = q ∗ q > q ∗

No Shock 33.3 27.8 38.9 35.2 29.6 35.2 63.0 20.4 16.7 

D − 33.3 16.7 50.0 33.3 33.3 33.3 66.7 22.2 11.1 

D + 16.7 50.0 33.3 38.9 44.4 16.7 77.8 5.6 16.7 

S − 33.3 50.0 16.7 33.3 44.4 22.2 44.4 27.8 27.8 

S + 16.7 16.7 66.7 11.1 33.3 55.6 61.1 22.2 16.7 
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the fraction of extra-marginal sellers while S − increases the frac-

tion of extra-marginal buyers). This, in turn, increases the proba-

bility that extra-marginal traders manage to exchange with some

intra-marginal trader and therefore raises the EM-inefficiency of

the DA mechanism. However, due to the trading-enhancing fea-

tures (e.g., public asks/bids) of the DA mechanism, negative shocks

are absorbed within few periods. 

Compared to the DA market, in the OTC market we observe in

period 4 a similarly small efficiency loss due to negative shocks

(with respect to 92.1 in the baseline, −2 . 1 both for D 

− and S −)

and a stronger efficiency gain due to positive shocks ( +3 . 6 for

D 

+ and +5 . 2 for S + ). Under S + , in period 4 the efficiency of the

OTC mechanism (97.3) reaches exactly the same level as in the

DA mechanisms. Thus, we can observe that soon after a shock

of any type takes place (period 4), the efficiency of the DA and

OTC mechanisms is very close. Mann-Whitney test in Table A.1 in

the Appendix does not reject the null hypothesis of equal pop-

ulation medians between efficiency in DA and efficiency in OTC

in period 4 (second column) for each of the four types of shock

(D 

_ 
, D 

+ , S −, S + ) . 
Differently from the DA market, in the OTC market the effi-

ciency gap between the baseline and the negative shocks hangs

over during periods 4–6 ( −3 . 1 for D 

− and −2 for S −). As in the

DA treatment, also the efficiency gap between the baseline and

the positive shocks hangs over during periods 4–6 ( +1 . 9 for D 

+ 

and +3 . 3 for S + ). Notice that, if the positive shock concerns the

supply function, then its positive effect on efficiency hangs over

in periods 7–9 too ( S + vs. no shock: +4 . 6 in periods 7–9). For all

other shocks, reduced time length of trading periods 7–9 leads to a

sharply decrease in the efficiency index, as it happens in the treat-

ment without shock, with no significant difference in the efficiency

index between shock vs. no shock treatments. 

The following result can therefore be stated: 

Result 5.a (Efficiency after shocks). Shocks that reduce (increase)

the competitive quantity slightly decrease (increase) the efficiency

of both the DA and the OTC market. In the long run, the efficiency

gap with respect to the no-shock treatment presents the following

trends: in the DA market, it vanishes for both types (demand and

supply) of negative shock, and it hangs over for both types of pos-

itive shock; in the OTC market, it hangs over for all types of shock

and increases only for a positive shock S + in the supply function. 
Coming back to the comparison between efficiency in the DA

arket and in the OTC market, we have shown above that the in-

roduction of a shock changes the main finding of Result 1 in the

hort run: after a shock, we observe a similar efficiency in the two

arkets in period 4. However, the main finding of Result 1 holds

n the long run: Mann–Whitney test in Table A.1 in the Appendix

ejects the null hypothesis of equal population medians between

fficiency in DA and efficiency in OTC in periods 4–6 and in peri-

ds 7–9 for all types of shock (D 

−, D 

+ , S −, S + ) . This is summarized

n the following: 

esult 5.b (Efficiency gap after shocks). The introduction of a

hock offsets the efficiency gap between the DA and the OTC mar-

et in the period where the shock is applied: this is indepen-

ent of the type of shock. However, the gap emerges again af-

er few periods and increases as the length of the trading period

hrinks. 

The specific effect of a positive shock of the supply function

ver the efficiency of the OTC market deserves a more thorough

iscussion. Following the same procedure as in the previous sec-

ion, we now analyze in more detail how the shocks applied in pe-

iod 4 affect the traded quantity and the pattern of closing prices

n the OTC market from period 4 onward. At the end of the section,

e compare IM-inefficiency to EM-inefficiency in the OTC market. 

Table 6 reports – for the first period of the second phase (i.e.,

eriod 4), on average over the second phase (periods 4–6), and

n average over the third phase (periods 7–9) – the percentage of

xperimental sessions in which the traded quantity q in the OTC

arket is lower, equal or higher than the competitive quantity q ∗,

oth without shocks (first line) and under each of the four types

f shock. 

We note that the treatments where the percentage of sessions

ith q < q ∗ in period 4 is lower than in the baseline (i.e. no-shock)

reatment are those characterized by an increase of the traded

uantity ( D 

+ and S + ). However, the positive shock to the supply

unction S + consistently induces a lower percentage of sessions for

hich q < q ∗ over all trading periods after the shock, i.e. both in

he second phase (11.1% vs. 35.2% in periods 4–6) and in the last

hase of the experiment (61.1% vs. 63% in periods 7–9). Further-

ore, after S + , the percentage of sessions with q > q ∗ is higher

han in the baseline treatment only for periods 4–6 and it tends to

lign to the baseline treatment in periods 7–9. Hence, the follow-

ng result can be stated: 
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Fig. 4. Closing price patterns in an OTC treatment with shock S + . Dashed line: com- 

petitive price; continuous line: average closing price. 
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esult 6 (Traded quantity after shocks in OTC). The introduction

f a shock in the OTC market decreases the probability that q < q ∗,

nd increases the likelihood that q ≥ q ∗ in the long run, only if the

hock shifts downwards the supply function. 

Table 6 also shows that the introduction of a positive shock of

he demand function in the OTC market does not lead to any sub-

tantial difference – in terms of traded quantity – with respect to

he no-shock treatment. To this phenomenon corresponds the fact

hat the OTC efficiency raises more significantly as a consequence

f a S + shock than of a D 

+ shock, as shown above in Table 5 . The

igher efficiency reached in the S + case can be explained by look-

ng at the pattern of closing prices in the OTC market. In the pre-

ious section we pointed out that in the OTC market closing prices

onverge to a price below the competitive price p ∗. The fact that

 S + shock reduces the predicted competitive price p ∗ brings the

alue of p ∗ closer to the actual OTC closing prices, thereby rais-

ng the efficiency of this mechanism. Fig. 4 confirms this intuition.

t presents the pattern of closing prices in an OTC market before

periods 1–3) and after (periods 4–9) a S + shock. The dashed line

epresents p ∗, which in period 4 decreases as a consequence of

 

+ , while the continuous line represents the average closing price,

hich before the shock is below p ∗. 

The price pattern in Fig. 4 shows that, when p ∗ decreases as

 consequence of an S + shock, the distance between the average

losing price and p ∗ almost disappears. This happens because the

redicted p ∗ decreases much more than the average closing price.

n fact, buyers who are extra-marginal before the shock do not im-

ediately realize (due to lack of public information in OTC about

ids and asks) that they have become intra-marginal after the

hock. We find that they accept closing prices slightly higher than

he new equilibrium price. This corresponds to the above men-

ioned fact that, after the shock, the percentage of experimental

essions in which q < q ∗ significantly decreases and the efficiency

f the OTC mechanism increases. This effect cannot be produced

y any of the other three types of shock. In fact, both S − and D 

+ 

ncreases p ∗, thereby amplifying the gap between the average clos-

ng price and p ∗. A D 

− shock decreases p ∗, but it also decreases p̄

f a similar amount. In fact, sellers who are intra-marginal before

he shock, do not immediately realize (due to lack of public infor-

ation about bids and asks in OTC) that they are extra-marginal

fter the shock. We find that as soon as they realize they are not
ble to get rid of the unit of the good they own (same effect found

n OTC with no shock) they ask for prices even lower than the av-

rage closing price before the shock. This is stated in the following

esult: 

esult 7 (Closing price after shocks in OTC). A positive shock of

he supply function S + decreases the competitive price p ∗ more

han the average closing price p̄ . Given Result 3 , this reduces the

positive) difference between p ∗ and p̄ . This effect is not found un-

er any of the other three types of shock. 

The above result can also be stated in terms of IM-inefficiency.

n Section 4.1 we showed that the inefficiency of the OTC mech-

nism is also due to the failure of intra-marginal traders to ex-

hange among themselves (IM-inefficiency), while this source of

nefficiency is absent in the DA market. We also saw that IM-

nefficiency occurs for sure when q < q ∗. Since an S + shock

rastically reduces the cases in which q < q ∗ in OTC markets

 Table 6 ), we conclude that this type of shock also reduces the

M-inefficiency of the OTC mechanism, thereby raising its overall

fficiency. This is confirmed by the regression analysis of efficiency

nd IM-inefficiency by treatment (see Table A.3 in the Appendix):

n the OTC treatment, the dummy variable for the S + shock type

as a significant negative impact ( P-value = 0.064) over the IM-

nefficiency. Notice that in the OTC treatment none of the other

hree shocks has a significant impact either over the market effi-

iency or the sources of market inefficiency. 

Our regression analysis seems to point out also that, in the DA

reatment, shocks to the supply curve tend to increase market ef-

ciency (although not significantly) from the baseline level of ef-

ciency. On the contrary, shocks to the demand curve leave the

arket completely unaffected. Along the same lines, the trade-off

etween IM and EM inefficiencies does not change after the mar-

et has suffered a shock. The latter result is not surprising, since

he institutional framework of the DA market allows it to absorb

hocks quite rapidly. 

We can now state the last result of our research: 

esult 8 (Sources of inefficiency after shocks). The only shock

hat significantly affects efficiency in the OTC market in the long

un is a positive shock of the supply function S + . Efficiency in-

reases with respect to the no-shock treatment thanks to a sig-

ificant reduction in intra-marginal inefficiency. In the same fash-

on, only shocks to the supply function affect efficiency in the DA

arket, although they do not have any impact on the sources of

arket inefficiency. 

. Summary and conclusions 

OTC trading mechanisms are economically relevant because in

any markets, such as those where currencies, real estate, bulk

ommodities and certain types of bonds are traded, negotiations

nd transactions occur on a private, bilateral basis. Despite their

mportance, OTC mechanisms have attracted less attention than

ther, more centralized trading mechanisms, such as auctions. As

 consequence, the study of the functioning and performance of

TC trading mechanisms is still inchoate. While Duffie and his co-

uthors have studied OTC markets from a theoretical viewpoint by

dvancing formal models for a number of OTC markets, in this pa-

er we have attempted to clarify the working of OTC markets by

n experimental approach. 

More precisely, we designed an OTC mechanism in which each

gent looks for the best counterpart through private bids and

sks submitted via a networked computer. In a series of class-

oom experiments without monetary rewards that involved more

han 3300 undergraduate students, we studied the features and

erformance of this electronic OTC mechanism by taking as a
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Table A1 

Mann Whitney U-statistics for the difference in efficiency between DA 

and OTC ( P-values in brackets). 

Period 4 Periods 4–6 Periods 7–9 Periods 1–9 

No Shock 231.5 1959.5 2376.0 20084.5 

(0.028) (0.002) (0.0 0 0) (0.0 0 0) 

D − 16.0 220.5 248.0 2169.0 

(0.809) (0.065) (0.007) (0.0 0 0) 

D + 21.0 233.0 268.0 2249.0 

(0.686) (0.025) (0.001) (0.0 0 0) 

S − 22.0 247.0 291.0 2463.5 

(0.574) (0.007) (0.0 0 0) (0.0 0 0) 

S + 20.5 235.5 263.0 2029.5 

(0.739) (0.018) (0.001) (0.0 0 0) 

Table A2 

Dynamic Panel Data regressions of closing prices over all periods 

( P-values in brackets). 

DA OTC Joint 

Lag price 0 .355 0 .315 0 .335 

(0 .0 0 0) (0 .0 0 0) (0 .0 0 0) 

Buyer V 0 .278 0 .256 0 .267 

(0 .0 0 0) (0 .0 0 0) (0 .0 0 0) 

Seller C 0 .315 0 .381 0 .346 

(0 .0 0 0) (0 .0 0 0) (0 .0 0 0) 

Treatment -0 .691 

(0 .0 0 0) 

Sargan test 0 .0 0 0 0 .0 0 0 0 .0 0 0 

AB test 1 0 .0 0 0 0 .0 0 0 0 .0 0 0 

AB test 2 0 .0 0 0 0 .001 0 .0 0 0 

Wald test 0 .0 0 0 0 .0 0 0 0 .0 0 0 
benchmark an electronic DA mechanism. The main difference be-

tween the two mechanisms is informational in nature: while the

DA market is characterized by both pre-trade and post-trade trans-

parency, in the OTC markets only post-trade transparency is im-

plemented. We examined how this gap in the available public in-

formation affected the functioning of the OTC trading mechanism,

and to what extent it reduced the efficiency of the OTC market as

compared to the efficiency of the DA market. To the best of our

knowledge, our paper is the first that investigates electronic OTC

markets from an experimental perspective. 

We found that the loss of public information that characterizes

our OTC market with respect to a DA market reduces the efficiency

of the OTC mechanism by almost 8 efficiency points ( Result 1 ). We

also showed that this loss of efficiency is associated with two facts.

First, in more than half of the trading periods the quantity actu-

ally traded in OTC markets is lower than the competitive quantity.

As subjects become more familiar with the OTC mechanism the

quantities actually traded increase, but this learning effect weak-

ens when the trading period becomes shorter ( Result 2 ). Second,

in the OTC mechanism the average price at which the commodity

units are traded is significantly lower than the competitive price

( Result 3 ). We then discovered that, while the only source of in-

efficiency in DA markets is extra-marginal inefficiency (i.e., extra-

marginal traders who exchange with intra-marginal traders), in

OTC markets inefficiency is also of the intra-marginal type. That

is, there are some intra-marginal traders who could not exchange

their good because of the lack of public information characterizing

the OTC mechanism ( Result 4 ). 

In the second part of the paper we introduced shocks into the

picture, i.e., shifts in either the demand or the supply curve that

modify the competitive equilibrium, and studied how efficiency is

affected by different types of shocks. We found that, in the period

when the shock takes place, the efficiency gap between the DA and

the OTC mechanism shrinks. This result is independent of the type

of shock. However, the gap emerges again after a few periods and

increases as the length of the trading period decreases ( Result 5.a

and 5.b ). Finally, we discovered that the only shock that signifi-

cantly affects the functioning and efficiency of the OTC mechanism

even in the long run is a positive supply shock, that is, a down-

ward shift of the supply function that increases the competitive

quantity and decreases the competitive price. This type of shock,

in fact, decreases the cases in which the quantity actually traded

in OTC markets is lower than the competitive quantity ( Result 6 );

it reduces the difference between the competitive price and the av-

erage closing price in OTC markets ( Result 7 ); and it also reduces

the intra-marginal inefficiency associated with the OTC mechanism

and thus increases its efficiency ( Result 8 ). 

From a policy perspective, these results suggest that regulators

of financial and other markets in which interactions take place via

computer and negotiations occur on a bilateral basis should pre-

fer DA allocation mechanisms over OTC mechanisms. In fact, DA

mechanisms warrant higher information disclosure and thus mar-

ket equilibria that are more consistent with the competitive one.

If an OTC mechanism is in place and for some reason it cannot be

substituted by a DA mechanism, regulators should give OTC traders

more time to learn how the mechanism works than would be the

case in a DA market. Regulators should also give traders in an OTC

market a sufficiently extended time to negotiate with other traders

and find out their best counterpart. Our experiment indicates, in

fact, that too short transaction periods affect negatively and in a

significant way the efficiency of OTC markets. Also in the presence

of unexpected modifications in the economic environment, which

in our setting take the form of exogenous shocks, the DA mecha-

nism seems to perform better than the OTC mechanism. Finally, if

regulators are mainly concerned with enforcing a market mecha-

nism that reveals a price very close to the competitive equilibrium,
he DA market ought to be preferred. In particular, this work shows

hat prices in the OTC market are generally lower than the com-

etitive equilibrium price, mainly because of the persistent selling

ressure: when public information about existing bids and asks is

ot available, sellers feel much more pressure than buyers to find

 trading counterpart. This in turn leaves room for positive surplus

or buyers who would be excluded from transactions if the com-

etitive equilibrium were obtained. Hence, if an OTC mechanism is

mplemented, regulators should protect more (and eventually com-

ensate) intra-marginal sellers, particularly those with costs closer

o the equilibrium price. 

One may legitimately ask why OTC markets are so widespread

iven that they are less efficient than DA markets. Duffie (2012 ,

p. 6–8) suggests that in a number of cases, such as for cer-

ain types of collateralized debt obligations, the traded commod-

ty is so peculiar and the traded volumes so small that it is dif-

cult to implement trading mechanisms different from OTC. In

ther cases, where the traded commodity is sufficiently standard-

zed and the traded volumes sufficiently large, dealers, brokers and

ther intermediating traders who profit from the opacity of the

TC markets may block the implementation of market institutions

ore transparent than OTC. However, at the moment we do not

ave a single convincing explanation of why OTC markets are so

idespread. 

These policy considerations are admittedly very tentative, not

east because our paper seems to be the first systematic investi-

ation of an electronic OTC mechanism from an experimental per-

pective. There is in fact ample room for further studies that ex-

lore both theoretically and experimentally the properties of this

conomically relevant, yet still opaque, market institution. 

ppendix 
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Table A3 

Beta regressions of efficiency and intra-marginal (IM) inefficiency by treat- 

ment over all trading periods ( P-values in brackets). Control variables for mar- 

ket period not reported. 

DA OTC 

Efficiency IM-inefficiency Efficiency IM-inefficiency 

Intercept 2 .409 −1 .950 2 .285 −0 .699 

(0 .0 0 0) (0 .001) (0 .0 0 0) (0 .0 0 0) 

(q − q ∗) 0 .154 −0 .661 0 .250 −0 .529 

(0 .0 0 0) (0 .0 0 0) (0 .0 0 0) (0 .0 0 0) 

| ̄p − p ∗| −0 .038 −0 .076 0 .010 0 .0 0 0 

(0 .052) (0 .115) (0 .453) (0 .980) 

D − −0 .145 0 .322 0 .018 −0 .024 

(0 .226) (0 .326) (0 .852) (0 .858) 

D + 0 .080 0 .296 0 .079 −0 .062 

(0 .517) (0 .536) (0 .417) (0 .643) 

S − 0 .177 0 .399 0 .085 −0 .049 

(0 .156) (0 .267) (0 .385) (0 .720) 

S + 0 .120 0 .181 0 .107 −0 .267 

(0 .339) (0 .569) (0 .288) (0 .064) 
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upplementary material 

Supplementary material associated with this article can be

ound, in the online version, at 10.1016/j.socec.2016.03.003 . 
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