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1. Introduction

The recent success of market design has shownnthtall market institutions evolve
naturally towards efficiency (Roth [2002]). Labougtearinghouses (Roth and Peranson
[1999], Niederle and Roth [2009], Coles et al. [@)1systems of allocating pupils to schools
(Abdulkadiroglu, Pathak, and Roth [2009]), as wasdl monetary markets such as the FCC
spectrum auctions (Cramton [1998], Milgrom [200Guala [2001]) have been improved
using laboratory and computational experiments gdate theory. This paper attempts to
apply some of these techniques to a much smallekanbhut still one that joins hundreds of

buyers and sellers — the market for second-hartideks at The University of Warwick.

In the beginning of each academic year the Unitseisi Warwick Students’ Union (SU)
creates a marketplace where students are allowedamine and buy textbooks at posted
prices set in advance by sellers. The buyers paydsted price of their chosen book, while
the sellers receive 85% of it. This mechanism pcedugood results in 2011 when about 2700
of 4000 books were soldThis paper presents a more detailed study oéfftsiency and

compares it against an alternative mechanism.

Firstly, we simulate the posted price mechanismagisurvey data on students’ valuation of
textbooks and the posted prices they would seteAtbooks for the same module are close
substituteswe introduce a unit demand and unit supply framévwadlowing us to calculate

maximum gains from trade by relating to the assigmirgame introduced by Shapley and

Shubik (1972)Secondly, we estimate a levklrationality model for the behaviour of sellers.

Finally, we analyse an alternative mechanism whiels a practical implementation - a

position auction in the spirit of Varian (2007) wkesellers set prices and buyers

! Blog post by George Whitworth on the SU web page:
http://www.warwicksu.com/blogs/blog/georgewhitworth/2011/10/09/Book-Sale-Whats-Left/
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simultaneously bid for an earlier place in the quetiach buyer can choose any book priced
below his bid and if he does so, he pays his baltha corresponding seller receives the price
he set plus a fraction of the difference betweeandl the buyer's bid. We simulate this
mechanism using a levéd- rationality model fitted with the estimates frohetposted price

mechanism.

As the SU claims that all revenue from the curi@ik sale is used to cover costs associated
with the marketplace, the position auction domisatke current mechanism only if it
generates more gains from trade and higher revétmeever, the variations of the position

auction we consider do not achieve both goals $anabusly.

Section 2 discusses the literature on efficiencg asvenue of posted prices. Section 3
presents the assignment game by Shapley and SHaBiK) focusing on the linear
programming problem of finding maximum gains fromade and an efficient mechanism
similar to posted prices. Section 4 describes thevey data. Section 5 discusses the
simulations of the posted price mechanism. A levelmodel for this mechanism is

constructed in Section 6. The position auctionnwgated in Section 7. Section 8 concludes.

2. Posted prices in the literature

Posted prices are a widespread method of sellirggsthomogeneous goods, for example in
supermarkets. Milgrom (1989, 18) attributes thishi® lack of need for buyers to compete, as
supply is usually forthcoming. As the market foc@ed-hand textbooks does not possess

these characteristiti is natural to doubt the optimality of postedtps.

Mechanism design has shown in numerous settings pbsted prices are not revenue-

maximising. In Myerson (1981) a monopolistic sellgefers a sealed-bid second-price

2 Supply does not considerably exceed demand (see Section 4 and Table 2 in Section 5), goods are
heterogeneous and relatively expensive.
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auction with an inefficient reserve pricegiven symmetric, risk-neutral buyers with
independent valuations. McAfee (1993) considersinitef sellers specifying selling
mechanisms prior to buyer entry in a multi-perietting. He finds an equilibrium where all
sellers hold auctions with an efficient reserve@ishowing that posted prices are inferior but

competition can increase efficiency.

Wang (1993) develops a model of a single sellegsision of whether to auction or sell by

posted prices in a dynamic setting with indepengenate values. If auctions are costly and
the valuations of buyers are not sufficiently drseel, posted prices can be revenue-
maximising. Wang (1996) finds the same for coreslgprivate values in a simpler one-shot

setting. Campbell and Levin (2006) confirm the tefr auctions which are not costly.

Unlike the previous papers, Julien, Kennes and Ki&@P2) consider heterogeneous goods.

They find that posted prices are inefficient congplatio standard auctions in small markets.

Laboratory experiments have been even more crit€aposted prices. Williams (1973)
studies a posted price institution with multiplenfalgeneous goods owned by the sellers. The
results show higher prices than those in a conipetigquilibriunf. Moreover, Ketcham,
Smith and Williams (1984) find that convergenceetpilibrium can be slower than in the
efficiency benchmark - a double auction. As a tgpstudent will only participate in the SU
book sale three times or less, the above resuitates that inexperienced agents may be
another source of inefficiency. Similarly to theedinetical models, competition between

sellers increases efficiency (Coursey, Isaac anthJad84]).

Field experiments have primarily focused on datawctions and posted prices from websites
such as eBay. Vakrat and Seidman (1999) find tthexitical items sell at higher prices in

posted price settings compared to auctions anibatrthis to search costs and impatience.

* Areserve price is the lowest allowed bid.
4I\/Ianysimilarexperimentsconfirmtheseresults(PIott[1986]).
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Hammond (2008) concludes that the gain in revesuexactly offset by a lower probability
that an item sells. Therefore, it is possible tafa more efficient mechanism than posted

prices which provides the same expected revenue.

3. The assignment game

The problem of matching sellers and buyers of teokis is closely related to the assignment

game developed by Shapley and Shubik (19783sumeS sellers own one textbook each

and B buyers demand one textbook each. Each se}lﬂ@{L..,S} has a lowest price; at
which he is willing to sell his textbook. Each buyieD{S+1,..,S+ $ has a maximum

willingness to paw; for textbook j .

A feasible matchingu is a one-to-one correspondence mapr{ing,s+ I?! onto itself such
that if buyeri is matched to sellej, then u(i) = and u(j) =i . If buyeri is not matched
to a seller y(i)=i and similarly g(j)=j for an unmatched sellerj. A vector

(pl,... IOS) OR?® contains the prices of all textbooks.

The utility function is linear and additively sephte in money and textbooks so/fi) = j
buyeri receives a payoff ofy =v — g and sellerj receivesu; = p, — ¢ . An unmatched

agent receives 0. The gains from trade betweenrbuyand seller j are O if it is not

profitable for them to trade, ang — ¢, otherwise, denoted bg, = ma>{0 Y- p} :

min{ S B}

An optimal matching maximises aggregate gains fitcexe Z a ; over all possible
k=1

permutations of buyerg toi, and sellersj, toj. Shapley and Shubik (1972) show that

> See Roth and Sotomayor (1990) for a broader exposition of the assignment game and related results.
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optimal matchings are also stable (no matched ggeférs to be unmatched and no pair of
agents who are not matched to one another prefee tmatched instead). The dual form of

the linear programming problem of finding maximuairg from trade is

min u +
ul"uS+B j:]. ! i=S+1 L'I (3-1)

stuz0u=20y+y=2al00{s 1.9 BOO{1,.}
The value of the objective function at the optimaaincides with the maximum gains from

trade because of a fundamental theorem on dualiyantzig (1963, 129).

Many mechanisms create optimal matchings (DemandeGale [1985], Demange, Gale and
Sotomayor [1986], Sotomayor [2002]). One of theraré2-Castrillo and Sotomayor [2002])

is also closely related to posted prices. Selletpscesp,,.., ps simultaneously, then buyers

act sequentially. The first buyer reports the deitems which maximise his utility at the

reported prices. The second buyer reports a sétagible matchings for him and the first
buyer which maximise his utility and assign to thist buyer one of the items he reported.
Latter buyers must also honour the preferencehefbuyers before them and finally, the
mechanism enforces a matching selected by théolaar. In a dominant strategy subgame-
perfect Nash Equilibrium the resulting matchingoigtimal and the highest price vector

compatible with a stable matching is achieved réigas of the order of buyer entry.

There are three differences in SU book sale. Fjrsiliyers report one textbook rather than
their indifference set. Secondly, transactionstared at 15% of the posted prices. Thirdly,
information is incomplete. Therefore, if valuatioagse sufficiently close (so that private
information does not distort the strategies) and fiormer two differences do not affect
behaviour significantly, the posted price mechanisight be close to optimal even with

incomplete information.
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4. The data

The data were collected by distributing a questaenduring a lecture for the second-year
module “Econometrics I’ at The University of Warkjca copy of which is available in

Appendix A. The final dataset contains 123 respsigg of 362 students taking the module.

Students were asked about their valuations of recemided textbooks for four second-year
Economics modules: Macroeconomics Il (EC201), Mecanomics Il (EC202), Economics |l

(EC 204), and Econometrics | (EC226). The survejtelthree key prices:

(1) willingnessto pay (WTP) - the highest price students were willing to paydach
textbook at the start of this academic year pravidlevas in good (near mint) condition or in
bad condition (heavily used).

(2) posted price - the price students would set for the textbooky tiven at the SU book sale
next year. They also reported the condition oftéxtbooks they own using the same
‘good/bad’ binary scale.

(3) willingnessto sel (WTS) - the lowest price, at which students would be wgjlio sell

their textbooks next year at the SU book sale oothgr means.

Students are also asked whether they attendeduh®m8k sale in 2011 and what proportion

of the textbooks they examined there were in gowblead condition.

We assume throughout the paper that the supplgxtthdoks is stable over time. This means
that the posted prices and WTS reflect the suppiylitions at the beginning of this academic

year and can be used in conjunction with WTP tedes current supply and demand.

Table 1 presents summary statistics for the valnatf textbooks (standard deviation in
brackets). Almost all students expressed an irtérdsuying second-hand textbooks but only

about a third of them attended the book sale (ier te the latter as buyers). We also limit
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our attention to sellers who would consider sellihgir textbooks at the SU book sale next
year (referred to as sellers). It appears that denexceeds supply but students typically
demand only one or two textbooks per module evengh they might choose from all of

them so demand is overstated.

Very few textbooks were reported in bad conditiontlse analysis is unlikely to capture a
significant heterogeneity factor. Students perakittee quality of the textbooks at the SU
book sale very differently: the average estimate Waat 58% of textbooks were in good
condition but a quarter of the students assessedighnre at 40% or less and another quarter

assessed it at 80% or more.

WTP and posted prices tend to be lower for the pbsiatextbooks (Dougherty, Gujarati) and
higher for the most expensive textbooks (Mishkimydr and Nicholson). Perhaps the
guality of a textbook only affects the number afdgnts who demand it, while their actual
valuation is proportional to its RRP. Despite tlaetfthat for many textbooks the average
buyer would not purchase a copy at the averageeggsice, trade is likely to occur as there
are many buyers with WTP high above the averagenaaay posted prices far below the
mean due to high standard deviations (see FigugsRosted prices are higher than WTS by
only about £5 on average which bodes well for efficy as trade usually breaks down when

sellers conceal their values considerably.

The survey investigates control variables whichhhigfluence the valuations of textbooks
such as course of study, results from the prevamasiemic year, experience in purchasing
and selling textbooks via auction websites andonati background. However, none of them
appear to be correlated with WTP, WTS, and postiegp (see Appendix B). A large number
of students (66%) reported having traded textbaoksme which is a possible reason for low

attendance at the SU book sale.
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Table 1. Summary statistics for WTP, WTS and poptaks

No. of students demanding|a No. of | No. of sellers
copy of the textbook Average WTP | students for the Average posted Average WTS
in total at the book of buyers who textbook price of sellers

Module | Textbook sale (buyers) own the

code RRP "go0od| bad | good | bad | good | bad text- - "go0d| bad | good | bad good bad

(in£) | cond.| cond.| cond.| cond.| cond. | cond. book | cond.| cond. | cond. | cond. | cond. | cond.

EC201 | Blanchard O. "Macroeconomics" 50 96| 91| 30| 28 30.3717.57] 20 16 0 | 3156 n/a | 25.56| 15

(8.5) | (10.3) (5.7) (5.1)

EC201 | Blanchard O., Amighini A. and 50 92 | 87| 27| 25 30.6718.08] 19 13 1 | 27.54 30 | 22.87| 30
Giavazzi F. "Macroeconomics: A (7.6) | (10.4) (3.8) (4.4)
european perspective"

EC201 | Mishkin, F. "Macroeconomics: Poli¢y 53 92| 88| 304 29 33.0319.72| 24 16 1 | 32.69 48 | 22.65| 30
and Practice (8.7) | (10.3) (6.9) (9.5)

EC202 | Varian H. "Intermediate 48 | 104| 98 | 33| 31| 28.3916.45| 48 30 ) 31| 29 | 23.16| 21

and Microeconomics, A modern (8.9) | (9.4) (8.5) | (10.3)| (9.6) | (4.2)

EC204 | approach"

EC202 | Snyder N. and Nicholson W. 53 91| 86| 27| 25 33.229.92| 37 24 2 | 3133 20 | 23.76| 10
Mlcrpeconomlcs Thepry: Basic (9.4) | (11.1) (6.8) | (14.1)| (8.5) | (14.4)
Principles and Extensions"

EC204 | Nechyba "Microeconomics, an 50 69| 65| 20| 19 30.1517.16| 4 3 0 35 | n/a | 28.75 nla
intuitive approach with calculus” (8.7) | (9.0) (8.7) (14.4)

EC226 | Wooldridge, J. “Introductory 48 | 111| 105| 35 | 33| 30.5717.42| 47 31 1 | 30.26 30 | 22.34| 20
Econometrics: A modern approach" (7.4) | (9.4) (7.2) (8.6)

EC226 | Dougherty C. "Introduction to 40 84 | 78| 29| 27 24971489 8 3 1 |2833 10 21 10
Econometrics (7.4) | (8.2) (7.6) (8.2)

EC226 | Gujarati D. "Econometrics by 40 76| 71| 25| 24| 24.2004.00] 7 5 1 25 | 20 226 | 15
example (6.0) | (7.4) (7.1) (7.2)

EC226 | Stock J. and Watson M. "Introduction 52 72 68 24 23| 29.5416.87 1 1 0 30 n/a 30 n/a
to Econometrics" (8.5) | (8.3)

EC226 | Thomas R. "Modern Econometrics’ 57 71| 67| 22| 21 29.5917.00] 1 1 0 25 n/a 25 n/a

(9.8) | (9.7)
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Figure 1. WTP for the textbook by Blanchard
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Figure 5. WTP for the textbook by Wooldridge
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Finally, the survey asked students whether theylavatiend the SU book sale next year if it
were an auction. 47% of the students respondediyelgj in comparison to only 31% who
attended the book sale this year. Unfortunatelig itnclear whether this rise is owed to the
alternative selling method or to an increase inramnass of the SU book sale caused by the

survey.

5. Posted price simulations

In the current posted price mechanism sellersrsmggpfor their textbooks unknown to other
students and then buyers examine them on a fireecérst-served basis. Buyers pay the
posted price of every textbook they purchase aherseeceive 85% of it. This section

reports the simulations of this mechanism.

Firstly, we split the SU book sale into separatekaiz for each module assuming that the
decisions of students are independent across nsdsilece the textbook by Varian is used in
both EC202 and EC204, they are merged into oneeh&wk Microeconomics textbooks. The

other markets are for textbooks in Econometrics2Z8} and Macroeconomics (EC201).

Within each market we transform the data to créatgers and sellers with unit demand and
unit supply respectively. If a seller owns two teaks, he is split into two sellers each selling
one of them. This should not affect the analysithéf pricing decision is independent across
textbooks. Moreover, relatively few sellers had ttextbooks per module - 7 of 47 in

Macroeconomics, 8 of 62 in Microeconomics and 3fn Econometrics.

There is no certain indicator of whether a buyenaeds one or more textbooks for a given
module. Since textbooks are close substitutes,ssemae that a buyer who owns zero or one
module textbook is a unit demand buye, even if he expressed interest in buying mioaa t

one of the module textbooks, he is content witlcpasing just the one which maximises his

utility. The rest of the buyers reported having tieatbooks and they are split into two unit
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demand buyers. The first is only interested in bgyne of the textbooks the student reported
he owns, and the second wants to buy any one ofethh@ining textbooks that the student

would consider buying.

Using unit demand and unit supply is not necesarygh the linear programming problem
in Section 3 provides an easy way of computing maxn gains from trade. Moreover, it is
difficult to specify preferences over multiple tegbks which are not independent so the unit
demand and supply framework avoids the complicatmfidesigning a combinatorial auction

as an alternative mechanism.

We simulate each of the markets independently tityers entering in random order. Using
the notation from Section 3 to characterise a simgarket, recall that the utility of buyér

from purchasing textbookj is u, =v - and rearrange the buyerS+1,..,S+ E in

ascending order of entry. Buyerchooses a random textbook from his utility-maxingsset
. i-1

U, E{j DS [JT:y-p=20, y- p=zyv- p0 K{L. }3} (5.1)
1=S+1

whereT, is a (possibly empty) set containing the textbolasen by a previous buykrIf no

textbook gives positive utility U, is empty.

Table 2 summarises the results of 1000 simulatidmserage gains from trade relative to the
theoretical maximum are fairly low in the Macroeoarics and Microeconomics market but
high in the Econometrics market where the outcomtih@ posted price mechanism is very
close to the social optimum. However, not all of tipains from trade accrue to students.
Subtracting average revenue from the average @raimstrade and dividing by the maximum

gains from trade yields the students’ welfare psraentage of the maximum. According to
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Table 2. Posted price simulations

Gains from trade
(including revenue) Average | Students’
Number | Number | Theoretical | Average | Standard Revenue| average
Market of buyers| of sellers| Maximum deviation welfare
Macroeconomics 39 47 413 198 12.6 86 27%
Microeconomics 42 62 580 278 14.4 99 31%
Econometrics 39 42 442 367 9.9 110 58%

0931671
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this measure, the Econometrics market is about ttmmes more efficient than the other
markets, in which students receive less than a tiirthe maximum gains from trade. This
inefficiency can explain the low participation ihet SU book sale. It also provides a

motivation for designing an alternative mechanism.

6. Level-k rationality model for the posted pricechanism

In order to simulate an alternative mechanism, wecy a common benchmark for
behaviour between it and the posted price mechaniswel-k rationality. Levelk models
usually fit experimental data better than typicaluion concepts such as Bayesian
Equilibrium in standard auctions (Crawford and érith [2007]) and in other settings (Stahl
and Wilson [1994], Camerer, Ho and Chong [2004)) tHis section we create a level-
model for the decision of sellers in the postedgrnechanism and the next section uses the

estimated levels of rationality across the popatato simulate the alternative mechanism.

Consider the Bayesian game representing the pgsieel mechanism in which WTS is the
private value of a seller, WTP is the private vatiiea buyer and values are independently
distributed. We do not extend the realm of priviafermation into other variables because
none of them were found to be significantly cortetiawith the posted prices and WTP (see
Appendix B). The model specifies behaviour for ledesellers which does not depend on
their beliefs of the rationality or values of othegents. Similarly to Crawford and Iriberri
(2007) we consider two typesandomlevel-0 sellers have an equal probability of chiogs
any posted price between 0 and the retail pridbaf textbook andruthful level-0 sellers set

a posted price equal to their WTBandomand truthful level-k sellers believe that other
sellers arerandom and truthful level-k -1 sellers respectively and best-respond to these
beliefs. All sellers believe that buyers choosextiook which maximises their utility, hence

the lack of rationality levels among buyers.
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Unlike in standard auctions, an explicit solutian fhe optimal strategies is hard to derive so
they are estimated by simulations of the posteckpmechanism from the point of view of an
“arbitrage seller”. Consider eandom level-1 arbitrage seller in a given market. Inheac
simulation we draw values for all buyers and 81 random level-0 sellers from a

distribution whose domain consists of the repo®@P and WTS in the dataset. Each
simulated buyer has an equal chance of having tié Walues of each one of the unit
demand buyers we created and similarly for theesellThis assumption is strong but the
alternative would be to estimate a distributionvalues from the dataset which will be
centered on the reported values as well and awpidims simplifies the simulations

tremendously.

In each simulatiort [1{1,2,..,1000} we denote the highest posted price at which tktboek
of the “arbitrage sellerf would sell byhp, . This is the highest price that a buyer would pay

which still makes the textbook utility-maximisingrfthim. The seller believes that if he sets a

posted pricex, his textbook will sell with probabilityp,(x) given by the proportion of

simulations in whichhp, was at leask:

I{hp,, :hp, = x, t0{1,2,..1000}}|
1000

p,(x)= (6.1)

If his book sells, sellerj receives 85% o so his expected utility-maximising posted price

%*"(c, ) solves

max EU™ (x,6 F 085% € )p (X (6.2)
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The optimal strategy of eandom level-2 seller is found by simulating a market hwiB
buyers andS—1 randomlevel-1 sellers who set posted prices accordin(6i®). A similar

procedure is used for thuthful level-1 and level-2 sellers.

Our model containsandom and truthful level-0, 1 or 2 sellers who follow their optimal
strategy but make normally distributed, zero-meanrs. Therefore, the probability that a

randomlevel-k seller j sets a posted price is given by

B (x [krand.¢ Fo(x 18 (¢ g™ (6.3)

where ¢ x, |3g;""”d(cj )02 ) is the probability density function of a normalriable with

{ rand

mean X" (c; ) (the optimal bid) and a type-specific variangg™ . Randomlevel-0 sellers

are an exception because, by assumption, the pgliopéey set a posted pricg, is

P(x |0,rand,¢ ):% (6.4)

J

whererp; is the retail price of the textbook owned by

Let 7" and 7" be the proportions ofandom and truthful level-k sellers. Then the

unconditional probability of observing a posteccprx; is
2 d th
L(x |¢; ,n,a):kz_(;n:a” P(x |k,rand,c ¥ 77" P (x |k,truth,c (6.5)

where P, (X |k truth,¢ | is defined analogously t& (x |k,rand,¢

truth truth truth

— and rand rand rand rand truth truth truth
7T_(776 'ﬂ'l !7T2 77[0 ’ﬂl '7T2 )

yando =(o,"",0, "0, 0, 0,

The log-likelihood of observing the whole samplgoéted prices for a given module is

logL(x.%|G.cTg F > logL(x |[¢7ra (6.6)

1.8}
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Table 3. Maximum likelihood estimates for the lekekationality model

[72)

Market
Macroeconomics Microeconomics Econometric
e 0.00 0.00 0.00
P 0.35 0.24 0.52
o 0.53 0.68 0.48
P 0.00 0.08 0.00
ﬂgand 0.12 - -
e 0.00 - -
g 4.96 0.40 5.10
g 4.96 4.33 5.10
g 4.96 4.73 5.10
g 4.96 - -
ghn 4.96 - -

0931671
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We estimaterr and o by Maximum Likelihood Estimation of (6.6). Tabldi8ts the results
from the final specifications for each market whighvolve some restrictions on the
parameters (see Appendix C on model selection)t bthe population consists tiuthful
level-0 and random level-1 sellers and there are no level-2 sellexgcept in the
Macroeconomics market. The model has some explangmwver because of the lack of
randomlevel-0 sellers but it is fairly imprecise as stardldeviations are mostly in excess of
4. Despite this, the main results of the paperrabeist to repeating the simulations and the

estimation ofrz.

7. Position auction simulations

In this section we simulate a position auction msléernative to the posted price mechanism.
Consider splitting the market into markets for Meconomics, Macroeconomics and
Econometrics textbooks as in the posted price sitimnls. Every seller sets a reservation
price for his textbook, each buyer bids separdtalygach module and agents are not aware of
the actions of others. Buyers are allocated a wnicpilection time such that higher bids
receive the opportunity to purchase a textbookiezaffies are broken randomfy)They can
purchase any textbook with a reservation price wdlteir bid and if they do so, they pay
their bid. Sellers receive their reservation ppbgs a fractiond of the difference between it
and the bid of the buyer who bought it. With regatd buyer participation, we use the
students who attended the SU book sale this yeatwio reasons. Firstly, even though
students were asked whether they would participat@n auction next year, there was no
control question about their future participationai posted price mechanis®econdly, this

allows us to compare both mechanisms directly.

®In the case of a buyer who wants more than one module textbook he can be allowed to make two separate
bids granting him different allocation times. Since the data is transformed into unit demand buyers this is not
an issue in the simulations but in practice the opportunity for a second bid may affect strategic behaviour.
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To simulate the position auction we use a lelwetnodel similarly to Section 6. Unlike the
posted price mechanism, the position auction offerssibilities for strategic behaviour by
both buyers and sellers. Each simulation deterntimes$ype fandomor truthful) and level of

all buyers and sellers randomly according to theupation estimates from Table 3. The level-
0 behaviour for sellers is the same as in the dogteEe mechanism, except that they set
reservation prices instead of posted pricesadomlevel-0 buyer bids uniformly between 0
and the highest retail price among all module teekis and druthful level-O buyer bids his
maximum WTP among all textbookRandomand truthful level-k buyers and sellers best-
respond to the belief that all other agentsranelomandtruthful level-k —1 respectively. The

optimal strategies are derived by simulation sirylgo Section 6 (see Appendix D).

The position auction dominates posted pricesgéiterates more gains from trade and at least
the same revenue because the SU currently usteeakvenue to cover the costs associated
with the marketplace. Table 4 shows that the pmsitauction does not make the
Econometrics market more efficient than postedesrior bothd = 0.5 and 8 =0. The other
two markets exhibit higher gains from trade wh#n 0.5 but in this case revenue is lower.
When =0 revenue is higher in both markets and gains fromdet are higher in the
Macroeconomics market but slightly lower in the Mmonomics market. Therefore, only the

Macroeconomics market benefits from the introductba position auction.

Table 5 presents total gains from trade and revenee all markets. Both position auctions
are dominated and we see a clear tradeoff betwidiererecy and revenued = 0.5 exhibits
higher gains from trade but lower revenue ahd 0 exhibits lower gains from trade and
higher revenue in comparison to posted prices. Hvtrere exists a value a# between 0
and 0.5 for which the position auction is more grable, we can expect the improvement to
be marginal because of the efficiency-revenue ttid®oreover, the standard deviation of

gains from trade over all simulations is considbraingher than in the posted price

0931671 19



Table 4. Position auction and posted prices sinaratby market

Gains from trade
Market Mechanism (including revenue) Average
Maximum | Average| Std. dey. Revenue
Macroeconomics Posted prices 413 198 12.6 86
Macroeconomics Position auction(d =0.5) 413 263 38.2 65
Macroeconomics Position auctiond = 0) 413 245 39.7 126
Microeconomics Posted prices 580 278 14.4 99
Microeconomics| Position auction(d =0.5) 580 330 44.1 66
Microeconomics| Position auction(8 =0) 580 276 46.2 114
Econometrics Posted prices 442 3671 9.9 110
Econometrics | Position auction(d =0.5) 442 320 30.0 107
Econometrics | Position auction(d =0) 442 283 37.0 209

Table 5. Total gains from trade and revenue irpthstion auction and posted prices.

Total gains Total

from trade | Revenue

Posted prices 843 295
Position auction(d =0.5) 913 238
Position auction(d = 0) 804 449
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simulations. One reason for this is that a buyemdifferent between all copies of the
textbook he chooses because he pays a constaatspriearly buyers can bring considerable

variation in the simulation outcome.

8. Conclusion

This paper analysed the market for second-hantdeks at The University of Warwick
using survey data on valuations of second-year &oars textbooks. As the literature
suggests, the current posted price mechanism wasl fim be inefficient, though the
Econometrics market made an odd exception. Higemee is detrimental to student welfare
which, along with the popularity of auction websitean explain low participation in the SU

book sale.

In the design of an alternative mechanism, emphaass given to simplicity and practical
implementation. However, the version of the positwiction which can generate higher gains
from trade has lower revenue than posted pricestefbre, the costs of increased welfare fall
directly on the SU. One version of the positionteuc generated more revenue confirming
the findings in the literature that a high dispensof values makes posted prices less desirable

for the auctioneer.

Some reservations about the final results needet@xpressed because we could neither
account for a change in participation in the positauction relative to posted prices, nor for
departures from risk-neutrality. Moreover, the bynacale which captured the quality of the
textbooks proved to be ambiguous so heterogeneit/met well accounted for. The leviel-
model for the posted price mechanism was somewlaturate undermining the predictions
for the optimal strategies in the position auctishich themselves were limited to whole
numbers (see Appendix D). Finally, the assumptibrindependent values is unrealistic

because correlation might arise from the commoalegwice of textbooks.
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Appendix A

Survey on the valuation of second-hand Economidboeks

Answer all questions for a chance to win £15 anldeip a fellow student in his research. The suisepnfidential and will be used
only for research purposes.

For the first four questions, look at the tableolell have listed some textbooks, the module thedmmends them and the price at
which a new copy of the book can be obtained froenwarwick book shop.

1. In the first pair of columns, write the maximamount (in pounds) that you were willing to pay éosecond-hand copy of the
textbooks at the start of this academic year. Bleas two numbers — one for your maximum willingntespay for a book in good
(near mint) condition, and one for a book in baddition (heavily used). If you were not willing purchase a certain book in a
certain condition, write nothing.

2. In the second pair of columns, put a tiok)(if you own a new or second-hand copy of the teakts in the box which corresponds
to their condition.

3. The Students’ Union (SU) organises a book sathé beginning of each academic year, where sedkgra price for their books
and they either sell at this price or not. Would gell the books you ticked in question 2 at theb®0k sale next year? If yes, what
price would you set for them (write in column 3jydu are not willing to sell a particular textboakthe SU book sale, write 0.

4. For the books you ticked in question 2, write thinimum price at which you would be willing tdlgeem next year in the last
column. That is the price which would make you ffedtent between selling and keeping the book. If goe not willing to sell a
particular textbook, write 0.

1. Maximum | 2. Do you 3. Desired | 4

willingness to | own the selling Minimum
pay textbook? price at the| selling
Condition Condition SU book | price for
Module sale next | nextyear
codé€ Title Price | Good | Bad | Good| Bad year

EC201 Blanchard O. "Macroeconomics" £50

EC201 Blanchard O., Amighini A. and Giavazzi F. | £50
"Macroeconomics: A european perspective'

EC201 Mishkin, F. "Macroeconomics: Policy and | £53
Practice"

EC202 Varian H. "Intermediate Microeconomics, £48
EC204 | A modern approach"

EC202 Snyder N. and Nicholson W.
"Microeconomics Theory: Basic Principles | £53
and Extensions"

EC204 Nechyba "Microeconomics, an intuitive £50
approach with calculus”

EC226 Wooldridge, J. "Introductory Econometrics:| £48
A modern approach”

EC226 Dougherty C. "Introduction to Econometrics" 40£

EC226 Guijarati D. "Econometrics by example" £4(

EC226 Stock J. and Watson M. "Introduction to £52
Econometrics”

EC226 Thomas R. "Modern Econometrics" £51

’ Module codes correspond to:

EC201 — Macroeconomics |l

EC202 — Microeconomics Il

EC204 — Economics Il

EC226 — Econometrics | Please turr twéhe next page
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For the next questions please underline or cirale wnswer where multiple options are present.&\vitere applicable.

5. What is your course of study?

L100 Economics

LV13 Economics and Economic History

L116 Economics and Industrial Organisation

LM1D Economics, Politics and International Studies

V7ML Philosophy, Politics and Economics

GL11 Mathematics and Economics

Other (please SPECIfY) ...t

6. What is your national background?
Home/EU
International

7. What was your average result in the previous gegour degree?
1St
2.1

2.2
3 or lower

8. Have you used auction websites such as eBayjaradon to purchase or sell textbooks? s /
9. Have you used auction websites for items otineem textbooks? Yes / No
10. Did you attend the Warwick SU book sale thiarge Yes / No

11. If you attended the Warwick SU book sale, wiraportion of the books you saw were in good (megat) condition and bad
condition (heavily used)?

Good condition ...%
Bad condition ...%

12. Would you participate in the Warwick SU boolesaext year if it was arranged by an auction iad® Yes / No

13. Please write your e-mail if you wish to be irt#d in the prize draw.

Thank you very much for your help!
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Appendix B
The survey investigates some factors which migti@émce the valuations of textbooks such
as course of study, results from the previous avadeyear, experience in purchasing
textbooks or other items from auction websites aattbnal background because EU students
pay lower fees. The majority (67%) of respondengsenon the BSc Economics course and
the rest was fairly evenly dispersed between 9ratbarses from the Economics department
and the Warwick Business School. Figures Af-88ow that WTP, WTS and posted prices
for the textbook by Blanchard do not differ for tB&c Economics students compared to
others as the cumulative frequencies for both ggoae similar. This was confirmed by

mean-comparison t-tests

All but four students reported having obtainedeatst Upper Second Class marks from their
previous year of study. There are no significaftedences in WTP between students with
First Class marks compared to students with Uppeo&d Class marks or worse (Figure A4).
Posted prices and WTS exhibit some difference acaasdemic performance (Figures A5

and A6) but the sample is small and a t-test did&ject the null hypothesis of equal means.

Similar conclusions follow when comparing EU nattsto non-EU students and students
who have bought textbooks from online auctionshimsé without such experience (Figures
A7-Al12). Therefore, there is no systematic linkvietn the valuation of textbooks and

degree course, nationality, academic performandeaantion experience. As a consequence,

WTS is perhaps the only predictor of posted pringhis dataset.

& All figures in this section are limited to the sample of buyers and sellers at the SU book sale, referred to as
buyers and sellers in Section 4.
*The 5% significance level was used in all statistical tests.
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Figure Al. Cumulative frequency of WTP by =s®u
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Figure A5. Cum. freq. of WTP by academic perfance.
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Figure A2. Cumulative frequency o$teal prices by course.
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Figure A4. Cum. Freq. of WTP by arad performance.
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Figure A6. Cum. freq. of WTS by academidquarance.
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Figure A7. Cumulative frequency of WTP by nasbty.
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Figure A9. Cumulative frequency of WTS by natibity.
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Figure A11. Cum. freq. of posted prices by auctgperience.
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Figure A8. Cum. freq. of posted pridssnationality.
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Figure A10. Cum. freq. of WTP by auctiorpexience.
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Figure A12. Cum. freq. of WTS by amrcexperience.
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Appendix C
Tables A1, A2 and A3 provide the maximum likelihoegtimates from various specifications
for each market. The unrestricted specificatior6)(&orresponds to all levels and type-

specific precision. The restrictions we considere aequal variance for all types
(o7 =0 =0) and the omission of level 1 or level 2 agentsallrmarkets, likelihood

ratio test&’ favoured some restricted version of the modelr&foee, the specifications listed

in Table 3 in the main body are the most parsimam&gpecifications which were not rejected,
shown in bold in Tables Al, A2 and A3. The Macraemmics market is a slight exception

because a likelihood-ratio test does not rejedt botonstant precision model without level 1
agents and a constant precision model without I@valgents over a model with constant
precision and all levels. This is because the agtstrategies of “random” level 1 and level 2
agents are very similar and using one instead efatiner does not change the likelihood
considerably. Since there is no clear favourite rgnihe models omitting level-1 and level-2
agents, the model with all levels was selected itkesipe existence of a more parsimonious

specification.

'* The test statistic for the likelihood-ratio test is twice the difference in log-likelihood between the unrestricted
and restricted models, which is distributed as a chi-squared with degrees of freedom equal to the number of
restrictions under the null hypothesis. All conclusions are based on the 5% significance level.
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Table Al. MLE estimates for the Macroecononmes ket

Table A2. MLE estimates for the Microeconomics nedrk

Constant precision

Type-specific precision

(0-|£and — Ofu’[h — 0.)
All Without | Without | Al Without | Without
levels | level 2 level 1 | levels| level 2 level 1
e 0.00 0.00 0.00 0 0 0
P 0.35 0.34 0.4 0.29 0.29 0.36
e 0.53 0.66 - 0.71 0.71 -
" 0.00 0.00 - 0 0 -
P 0.12 - 0.60 0 - 0.64
P 0.00 - 0.00 0 - 0
g 4.96 5.03 4.94 3.50 3.50 3.89
o 4.96 5.03 - 5.44 5.44 -
gt 4.96 5.03 - 5.59 4.46 -
o 4.96 - 4.94 5.68 - 5.42
g 4.96 - 4.94 5.62 - 3.93
logL(D | -149.8 | -149.8 -150.4 | -148.7 -148.7 -149.7

Constant precision Type-specific precision
(Ulzand — O_IEruth = 0.)
All Without | Without | All | Without | Without
levels | level 2 level 1 | levels | level 2 level 1
P 0.00 0.00 0.00 0.000 0.00 0.00
P 0.30 0.30 0.36 0.24 0.24 0.24
e 0.62 0.62 - 0.68| 0.68 -
7 0.08 0.08 - 0.08, 0.08 -
e 0.00 - 0.60 0.00 - 0.76
P 0.00 - 0.04 0.00 - 0.00
g 4.41 4.41 5.47 0.40 0.40 0.40
grone 4.41 4.41 - 433 433 -
g 4.41 4.41 - 473, 473 -
g 4.41 - 5.47 6.52 - 6.46
g 4.41 - 5.47 5.41 - 4.35
logL(0) |-203.6/ -203.6 -208.1 | -178.4 -1784 -185.0
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Table A3. MLE estimates for the Econometrics market

Constant precision
( O-lzand = lermh =0)

Type-specific precision

All | Without | Without | All Without | Without
levels | leve 2 level 1 | levels| level 2 level 1
ﬂ(r)and 0.00 0.00 0.72 0 0 0
ﬂ(t)ruth 0.55 0.52 0.20 0.48 0.48 0.57
;-[lrand 0.34 0.48 - 0.52 0.52 -
nf”th 0.00 0.00 - 0 0 -
77£and 0.10 - 0.08 0 - 0.43
n;ruth 0.01 - 0 0 - 0
aguth 4.76 5.10 0.4 3.90 3.90 4.12
alrand 4.76 5.10 - 5.98 5.98 -
Ofum 4.76 5.10 - 5.36 4.24 -
aéand 4.76 - 0.4 5.50 - 6.10
aguth 4.76 - 0.4 5.29 - 3.77
logL(D) | -136.7| -136.8 -144.8 | -135.4 -135.4 -136.4
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Appendix D

This section describes how the optimal strategeshie position auction are found.

Consider arandomlevel-1 buyeri. The simulations which determine his optimal st
start by generatind —1 randomlevel-0 buyers and randomlevel-0 sellers each with the
WTP and WTS of one of the unit demand and unit suagents respectively, as in Section 6.

We use the notation from Section 3 adding aubscript for simulatiort {1, 2,..,2100G
where necessary. One exception is thatis the reservation price set by sellpr(not the
posted price). Let all buyers+1,..,S+ E in simulation t be ordered by their bids
X, 1o X g ¢ SO thatx, = %, if i<k. We define L (x) ={j: p, <3} to be the set of all
books that can be purchased at pricer less in simulatiori. The expected utility gains

from bidding x across all simulations is:

1000

EU, (X :;jﬂ’g&( ¥ - X (A.1)

jIZII U Ty

=S+1
whereT, is a (possibly empty) set containing the textbole&sen by buyek in simulationt .

Having bid x in simulationt, buyeri will choose the textbool that maximises his utility
vV, —X equal to his WTP for textbook less the price he is paying for it, i.e. his bid All

simulations are implicitly weighted with the sammelpability. Note thati is restricted to

choosing among textbooks that his bid can buy ag wot bought by previous buyers.

Given a finite set of possible bidX we can determine the big [ X which maximises

buyeri’s utility. We consider whole number bids from Oth® maximum retail price among

the module books, i.X ={0,1..,max(p, )}.
J
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To find the optimal strategy ofrandomlevel-1 seller, we simulat& randomlevel-0 buyers

and S—1 randomlevel-0 sellers. Each buyéD{S +1,..,S+ E} chooses a textbook from his
utility-maximising set

U, E{j Of1..S}\ Ul T jOL(x), y — x 20, y— x=wv- x0O KHfL,.., }S} (A.2)

1=S+1
In words, U, is the set of books which are affordable at adbic, , not bought by any of the
previous buyers, give buyar positive utility and maximise it (if no textbookvgs him

positive utility U, is empty). From the point of view of a sellgf]U, , the probability that

his textbook is sold to buyar given that it is priced anywhere belody is becausea

1
Ui |

is indifferent between all textbooks b, .

Moreover, there might be textbooks whichvould prefer to those i, but are not available
at his bid. If a seller who owns such a textbookente sell it belowx, instead, it would sell

with probability 1. The set of these textbodks is disjoint toU, and is given by

U;E{mm{l..S\ UT %-x2 y- x00 p}\ v (A3)

1=S+1

Therefore, the (conditional) probability that buyechooses the textbook owned by selfer
in simulationt provided it is priced below his big, and was not chosen by a previous buyer

is

0ifjoOu,,jou,

it ?

1 ...
Py = _|U | if jOU, (A.4)
it

1ifjou,
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We can also define the cumulative probability tiat textbook owned by is sold to buyer

I or a buyer before him in simulatiort provided it is priced belowx, by

Py =1- |_| (1- py )- If we consider any reservation prigeinstead we can define the same
k=S+1

cumulative probability by, (y) =1- |_| (1- Ry ) where the additional condition comes
k=S+1
%2y

from the fact that a buyer changes the cumulatirabability only if he can afford the

textbook priced aty. Using this, we can define the unconditional ptolitg that the

textbook owned byj is sold to buyei given its reservation price of; by

(B ifi=sH
(%) _{ﬁ.ﬁ(yj)- Py () otherwise (A.5)

Therefore, the expected payoff of sellgr who sets a reservation price of over all

simulations is

1000 S+B

EU,()=> > R (y+8(x~- 9~ ¢) (A.6)

t=1 i=S+1

Recall that& is the fraction of the differencéx, —y) between the buyer's bid and the
reservation price which accrues to the seller sopttice sellerj obtains from a transaction

with i in simulationt is y+6(x, —y) and subtracting his WT§, gives his utility.

Given a finite set of possible reservation prid¢s={1,2..rp,} we can findy, 0, such that
the expected utility of the selldEU, (y) is maximised giving us the optimal strategy of a

randomlevel-1 seller. We can find the optimal strategyaridomlevel-2 buyers and sellers
by simulating buyers and sellers who play the oglistrategies we derived above. Optimal

strategies fotruthful buyers and sellers are found in the same manner.
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