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Mmdfnl of L rqarket strucmr -con(’luct—performamoe paradigm fund.:mental to industrial
organizauon Tesearch; this paper uses laboratocy experimental techniques to study the impact of

conspiratorial-opportunities on mari st performance: We compare ‘posted-offer’ marlcets where
sellers.(but. not :buyers) are al’- . ipiratorial opportunities with ob.zrvations ‘rom three
contro] oups: {1) posted»oﬁea warkets without conspiratorial opportunities, (2) ‘doubis-
auction” markets with ‘conspiratorial opportunities anc {3) posted-offer markets with true single-
scller MOnOp: slists. ‘The - basic conclusions generated by our experimental desizn are: (1) seller
conspiracies in posted-offer markets tend to raise prices (but not profits) reiative t> similarly
organmd markets without conspiracies, (2) posted-offer conspiracies tend to gen: ate hxghor
prices (buf not profits) thun double-auction conspiracies, and {3) posted-otfer monop o lies tend to
generate higher profits (but not prices) then posted-offer conspiracies.

.~One ofthe fundamental paradigms of industrial organizat'on research is
the: distinction- between ‘mariet -structure, conduct and performance |’see, for
example, Scherer:(1980)1.-While this trichotoray might be used mer:ly as a
system:of analytical- organization, it can also take on the role of a theory of
caasality in: which: market structure determines conduct which determines
performance. This latter structure-conduct determinism is evident ia parts of
the 1S, antitrust iaws in which particular market structures or types of
participant conduct arc illegal per se.regardless of any examination of the

reulting market performance. A siriking example of a per se proaibition is
that whtcb pros oribes vu’tually any attcmpt to fix prices and/or quantities. As
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the Supieme Court ruled in the Socony-Vacuum Case,'! ‘this Court has
consistently and without deviation adhered to the principle that price fixing
agreements are unlawful per se under the Sherman Act..

in a recent paper, Isanc and Plott (1981) mport on the results of
laboratory market experiments designed to test the linkages between the
structurz] ‘opportunities for miarket  conspiracy, the couduct of participants,
and ultimsute market performance: They report tha) some of the links implicit
in per se prohibition of price fixing were indeed strong. The opportunity for
conspiracy was typically fcllrwed by the discussior: of that possibility among
the marke! participants. Tiess discussions were, in turn, typically followed by
nagreements to implem:nt cunspiracics which were, in turn, followed by at
least some: market conduct mdlmtwe of attempts to enact the conspiratorial
designs.

The weakest link fouwj oy Isaac and Plott was between the initial
aitempts to mplemcc the conspiracies and the ultimate market
performance. The conspirutors (who could not discuss side [payments nor
look to any ‘government’ to enforce the agreements) were oiicn unable to
translate their designs into cartel-like outcomes (price, quaniity or
profitability). The authors state that, while the markets appear to have
bebaved differently than in the control (nox.-conspiracy) experiments, there
was no clear evidence of a successful conspiracy. equilibrium away from the
competitive price and quantity. Contriduting factorr were (1) the conspirators
did not know (except throngh actual trading) the nature of the market
paramesers, and (2) the high frequency of apparent cheating on the
conspiratorial agreements.

Isaac and Plott conclude their paper with a conjecture that the market
exchange mechanism could be an important determinant of market conduct
and performance when conspiracies exist. Specifically, they suggest that their
use of oral double-auction trading rules ml,ght have magnified the tendency
for individuals to cheat on the conspiracies znd that their results might have
been different if the markets had been orgimized using posted-offer trading
rules.? Posted-offer trading, by eliminating the possibility of price reductions
within: a given trading period; might servz to increase the ability of the
conspirators to obtain consistently favorahle- market prices. On the other
hand, posted-offer tzading eliminates the paossibility of successful first-degree
price discrimination, which could render conspiracies less effective in
extracuing exchange surplus. This occurs because in posted-offer markets
scliers have no mechanism for insuring that buyers with the highest marginal

*United States v. Socony-Vaoumen 0il Co., Fnc., 310 118, 150 (1940).
*In posted-ofier markets {see section 2), #ach selier posts an offer pnoe and quantity, then
beyers, in a randons-sequence; make purchuses given the ‘leke it or leave it’ prices entered by
selffers. In doublé-auction markets, tle trading prooeduves parsliel those used on the floors of

musior siock and commodity exchanges; both bayers and sellers have the right to enter and
accept puice guotes (see focinote 65
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values (highest demunci steps) will be forced to buy at the highest posted
prices. Since each buyer rationally chooses the lowest offer price, it is the
shopping sequence of buyers (rather thau th.; ranking of :sarginal valuations)
that determines the matching of purchase prices and marginal valuations. In
this paper we report the results of a series of experin:ents designed to address
the conjecture that market organization can make a difference in the
performance of markets with opportunitics for conspiracy in restraint of
trade.

The posted-offer market is not simply a contrived alternative to the double
auction. Because sellers post offer prices and quantities and then watch as
buyers ‘shop’ among the postings, it characterizes the price formation
mechanics found in certain retail markets. The critical distinction, however, is
not merely one of retail versus wholesale markets. The essence of the postec-
offer market is thai it arises when it is relatively costly (perhaps prohibitively
so) for sellers to negotiate a separate price for each trade. The posting of a
multiple-unit ‘take-it-or-ieave-it’ offer price renlaces unit by unit ba: gaining.
Certainly, the relatively large transactions costs of individual haggling are
evident in many (but not all) retail markets as well as in some wholesaie
markets.® Therc are other types of transactions costs which could generate 3
posted-offer type market. One example, explored by Hong and Plott (1981),
is government regulation. In some circumstances, a firm which is otherwise
free to set pricc may be required to post that price with a government |or
Guasi-government) agency. These posted prices might be regulated in iha
they can be changed only at statutory intervais or with prescribed notice.*
Thus, a posted-offer market captures the flavor not @nly of many reiail
markets but also of ceriain types cl intermediate or professional markets for
goods and services.

This research reports the resvits of six experiraents in which conspiratorial
.opportunities are ailowed among the sellers in a posted-offer markei.
Chbservations from these experiments are comparcd with eiperimental
observations from three ‘control’ conditions: (1) posted-offer markets using
identical market parameters but lacking conspiratorial opportunities, (2) true

3For example, in some U.S. oilfields, large purchasers of crude oi will post bids to L'uv crude
oil from the producers.

4On June 18, 1982, the U.S. Supreme Cou-t ruled illegal as a form of puice fixing a
coordinated price-posting system of Arizona doctors. According to the Tucson Citizen, the case
involved two medical “oundations’ in Arizona represeniing over 70% of the physicians in the
Phoenix and Tucson areas. The foundations announced a fee schedule after consulting with the
n.ember physicians. There was no indication of profit sharing arrangements i this plan. Since
the fec schedules were technically maximum prices, individual physicians apparently stili had
some freedom to deviate from the posted schoduled, although private insurers, accerding to the
Citizen, ‘had to agrec to pay member physicians up to the maximurn fees for treating insured
patients’ if they desir:d fcundation approval for their plans. The lower courts and the Supreme
Ccurt dissenters argued for a ‘rule of reason’ approach to the question, while the Supreme Court
majority embraced the per se prohibition against price fixing.



194 R.M. Isanc ¢+ af,, Market organization and conspiracies in rade

single-selier monopolies using the same postsd-offer market parameters and
(3) double-auction’ conspiracies using these same:paramsters (as a cherk of
the robustrniess of the Isazc-Plott conclusions using; our design). L

Since our primary conjocture is that using the posted-offer msutuuon wxll:
increase the frequency of :cartel-like outcomes compared 1o the findings of
fsaac and Plott, a failure tc- observe them woul:d ‘raixe farther serious:
questions about the validity of the antitrust stiuctures besed on: structure~
conduct-performance crifetia. Suppose, however, that non-competitive
outcomes are clearly observed. This would tend to-support the traditional
arguments that, -since certain market struttures <or patterns of conduct
foreshadow undesirable market perfurmaace; their occurrence can be a cause
for scticn ever without checking their ‘reasonableness’ Yet, given the results
of isaac and Plott, this ﬁmkage woald he much more subt.e than prevxously
thought. »

The paper is organized as fo!lows. wct:on 2 bneﬂy dewcnbes the computer
nperated posted-offer marlet, section 3 describes the experimental design and
morket paramaters, sectivn 4 reports the experimental :results, section 5
summarizes our conclusicis and suggests areas for further research.

2 PLATO posied-ofifer irading procedures

The posted-offer experiments reported below wuse the PLATO
computerized tiading mechanism described in detail by Ketcham, Smith and
Williamy; (1984). This program ailows buyers and sellers sitting at individual
PLATO compater terminals to exchange an undefined homogencous
commodity for a maximum . of 25 market ‘days’ or trading periods. The
display screen for each buyer (seller) shows his/her private record sheet
listing marginal valuations {custs) for a maximum of five units potentiaily
purchased {sold} in each period. Sales:are ‘to-order’ in the sense that there
are no penaities, or carry-over inventories, asscciated’ with untraded aunits.
Consiquently the assigned maiginal ‘valuations and costs inducs the well-
defined flow supply and demand conditions described in section 3 [see Smith
(1982%} for a detailed discussion of induced valuation theory].

Each trading period begins with buyers being placed in a ‘waiting loop’
and sellers being requested to select an offer price by typing a price into the
computer keyset This offer is displayed privately on the seller’s screen. The
seller is then asked to select a corresponding quantity to be made available
at that offer -wice. The maximum number of units a seller can offer
com:sponds to the number of the last unit whose cost is ot greater than the
offzr price. The miriimum number of units a seller can offer cotresponds to
the nember of the first unit whose. cost is not greater than the offer price.
This procedure permits individual induced .narginal cosis to be declining,
constant or increasing. Since it is time and effort costly for a seller to
calcuiate the profit that any given offer may provide, PLATQ always informs
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the seller of the potential profit (loss) if all offersd units are sold. When a
seller is” satisfied with the selected price and quantity, he/she taps a touch
sensitive ‘offer box’ displayed -on the screen. This action places, irrevocably,
that seller’s offer into the market. Before touching the ‘offer box’ the seller
may change the price and/or quantity as many times as desired.

‘The viewing screen of euch buyer displays one touch sensitive ‘price box’
for each seller in the markei. After all sellers have entered their offers, each
seller’s offer price is posted in one of these boxes. PLATO then places the
sellers in a ‘waiting loop’, randomly orders the buyers in a ‘shopoing’
sequence, and then informs the first buyer that he/she may now oegin
purchasing the good. To purchase a unit from a particular selier, the buyer
touches the box displaying that seller’s offer price and then depresses a
‘confirm’ key on the keyset. Repeating this sequence causes a second unit to
be purchased, and <0 on. Upon confirming the acceptance of a sciler’s offer,
the seller is informed of this fact by PLATO and the contract information is
automatically logged in both the buyer’s and seller’s record sheet. A buyer is
allowed to purcaase up to his/her buying capacity from any seller or sellers.
A buyer cannof, however, purchase a unit whose price is greater than the
unit’s marginal valuation, and cannot buy from a seller who has sold all of
the units offered. When a seller’s last available unit is sold the price
appearing in t'.¢ buyer’s box for that sellcr is replaced with ithe message ‘out
of stock’ on :he buyer’s screen. After the first tuyer has finished making
purchases, the next buyer in random order may begin purchasing, and so on.
The period ends when the last buyer completes thi. buying proceciure.

It is important to emphasize that buyers and sellers have only limited
information. Ali unit values (costs) assigned to individual buyeis (sellers) are
strictly private, known only to the subject {and the experimenter). Each
buyer sees all of the seller’s offer prices but not the quan‘itics available at
these prices. In the experiments reported below sellers saw the prices posted
by other sellers, but the PLATO computer program allows this information
to be suppressed.

The opportunities for conspiracy were orgarized as follow:. In all of the
multiple seller experiments, the selie.s were tcld that, because of the multisite
nature of the experiment, it v.as complicated t» vse the compuer program to
move from one trading period to another, and that this process wouid be
facilitated if the sellers would leave their terminals for a few moments and
wait in chairs adjacent to the terminals.® While seated in these chairs,

SThis was not necessarily a ruse. We had a very spe.ific reason for wanting to coatrol the
transition from one period to another. In the PLATC posted-offer program, the participants
choose to move to the next trading period by pressiy; the NEXT key. Having pressed NEXT,
subjects see a message that the market is ‘waiting fo. .7 trad:rs to get ready’ before moving to
the next period where N decrements as more press NEXT. The next period begins when all have
pressed NEXT. If we had nnt controlled the transition, two undesirable events could have
occurred. First, in the experiments with no conspiracy fellowed by conspiracy, buyers might very
well have perceived that the period-to-period transition took oaiy a few seconds in periods 1-10,
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participants were given a printed suramary of the previously posted offer
prices of each seller and the quantity actually sold by each seller. {Providing
this information was an attempt to keep participant information parallel with
the Isasc-Plott experiments in -which- all trades were recorded on a
blackboard.)

During non-conspiracy expeamnts, pamczpants walted silently for about
two minotes and then returned to their terminals.  During. conspiracy
experiments, the participants were informed-of the opportunity for Jdiscussion
in language virtually identica! to that of Isaac and Plott. Specifically, the
participants were told that, while waiting i the chairs, they were free to
discuss ali aspects of the market excepi that (1) they could not discuss side-
payments or physical threats, and (J) they could not discuss quantitative
information abomt their payoffl tables The conspirators ad a maximum of
four minutes for discussion. Buyers (located in Indiana) were given no
infermation about sellers’ collusive cpportunities.

3. Experameninl design und market parameters

Market participants were volunteers recruited from the undergraduate
student populations at indiana University and the University of Arizona. All
subjects were ‘expericnced’ in the sense that they had participated in a
previous posted-offer experiment (using entirely different market parameters).
The experiments were run ‘multisite’ with buyers (in Indiana) and sellers (in
Arizona) interaciing through the PLATO comiputer system based at the
University of Illincis.® Upon arriving at the PLATQO lab subjects were paid
$3 for kecping their appointment and theu assigned to an individual
computer terminal. At the c:xpenmnte conclusion subjects were paid, m
cash, their accumulatsd earnings from the ¢xperimentai market.

Table 1 classifie: trading periods in each of the 14 expenments that we

report on as being characterized by wvie of the following experimental
conditions:

{1} Posted-offer, no conspiracy — &all subjects (4 buyers, 4 sellers) were
isolated at their termina’s both during and between trading periods. No
verbal communicaiion was allowed; market information was transmitted
solely viz the posted-offer mnechanism.

m——— Cp— 1 m——

but up to four minutes thereafier. Second, in the copspiracy periods, buyers might huve had an
additional reason io assume the existeace of a conspmm:, if the repeated pattern was that the
message “weiting, for 4 appeared on the screens in just a fow seconds and then remained for up
to four minutes. Therefore, #c nsed a random number device to move some, but not all, of the
seller terminals into the ‘ready’ mode across the waiting interval. Our concern was to
standardize information flowing o the buyers. Coursey, Isasc, Smith (1984: ofier evidence that
buyers might st~ategically alter hehavior based upon their percepiions of seliers” market powar.

“The caiy enception to this rule was in the case of the monopoly caperimenis. Two of the
experiments had the siugle seller in Indiana and the four buyers in Arizona.
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Table |
Experiment -lassification.

Number of Final CE
Experiment puyers, seliers perivd  price
Posted-offer fale s 4,4 19 220
no seller conspiracy,
periods 1--10;
conspiracy, po6? 44 20 7.05
periods 11-20 .

- Posted-offer © pos: 44 23 6.80
seller conspiracy, po39 44 15 6.8¢
all periods po77 44 16 38s

~ po83 44 15 575
Double-auction da64 44 10 5.80
seller conspiracy da65s 44 i0 320
all periods dady 44 io 5.10
. ; da7l 44 11 490
Posted-offer p092 4,1 25 5.75
monopoly, poiM 4,1 25 4.15
all periods poi02 4.4 20 5.75

po107 4,1 25 5.75

(2) Posted-offer, seller conspiracy — as discussed at the end of section 2,
four sellers (in Arizons) were allowed to gather at a tabl: away from
their terminals for a four-minute verbal communication session becween
each trading period. Four buyers (in Indiara) were isolated and not
informed that scliers were permitted to communicate. Sellers we.e nct
permitted to discuss sic'.-payments or to make explicit mention of thei
individual unit costs during the communicatior. sessione,

(3) Double-auction, seller conspiracy — conspiracy rules were the same as
in posted-offer conspiracies, but using the PLATC double-auction
mechanisi.”

(4) Posted-offer, monopoly — a single seller was given a marginal cost array
corresponding to the lowest 10 units in the supply array used in the
non-monopolistic markets. Four buyers were isolated but were aware
that there was a single seller.

From table 1 we note that four experiments were run using cach of the
aouble-auction and posted-offer seller .onspiracy conditions, four
experiments weie run under the pested-offer mmonopoly condition, and two
posted-offer experiments were run in which ten ‘no conspiracy’ trading

"The PIL ATO double-auction mechanism is described in detail by Williams (1980), anu Sirith
and Williams (1983). In the in‘erest of brevity, the specifics of computerized double-auction

trading are not destribed in this paper

LEBO—-C
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periods were followed by a sequence of trading perious where sellers were
allowed to conspire between periods.
Individual cost and z-:.luatmn assignments and the resulting induced
' | arrays are shown on the left of fig. 1.
quantity (Q,) is seven units per period
E. pri jefined over the fen cent-interval centered:-on’ P, and
boundad above (below) ‘by the seventh step on the demand (Supply) array.
The market supply.and demand arrays differed by an addmve constant
across experimental replications. The mnnopah@t’s profit viax
sixty cents sbove #, (Pu: Pa+0ﬁ0) ‘with three umts exch

ard unit cost) for each unit traded. pxus a ﬁvc cent ‘commission’ to cover
subjective transaction cocts. Thus, buyers have a smail inducement to trade a
thirc. unit at P=P,,. To vqualize individual buyer carnings over the.course of
a posted-offer experiment, the four valuation scts (shown in fig. 1) were
randonily msszgneti or rotated among the: buyers each trading penod Note
tiat this design feature, (1) has no sffect on tue induced 1
ac10ss periods, (2) practically climinates the pomb;hty that, at (P,,,, Qn), two
bvyers would earn zero tota! profit- {net of ¢cmmissions), and (3) would
presumably have little or no effect on contract prices since the only strategic
acticn available to buyers is under-revelation. of demand.

At a CE. allocation (F,Q4 ftotal exchapge surplus (exclusive of
commissions} is $6.00 per. pcnud split equally between ‘uyers and sellers. At
the sellers’ joint proﬁt maxmnmng aiiccatior. {P,,Q,) producer surplus is
$4.35 and consomer surplus’ is $0.75. Deﬁnmg an index of allocative
rﬁ;aency (E) as actual fmyer plus ‘seller earnings (exclusive of commissions)
cxpressed as a percentage of the maximum possible group earnings (at a
C.E), we note tha' E-—Sﬁ at (Pﬂ,Q,) 1f thc three iowest margmal cost units
trade.

&nat&m mtemcn f or evainatmg market performanca and, more
speaﬁeaﬂy, ‘tixe ability of manopohsts and cartels to extract supracompc&mve
profit from the market js given by an ‘index of moxmpely eﬂ'ecuvmess
defined a8 io!lom. - o , _ ,

” Bf!é{n- ;’f/(':ﬂ:,ﬁnu-:vzc)', where

z =sellers’ realized total profits,
n, =thecretical tota: sellcr profits at CE,
=theoretical total seller profits at P,

Note thac M >0 holds if fue sellenis) effectively raises profit above the C.E.
level, -with M =1 cotresponading 1o the theoretical single-price monopoly
profits. Tf successfal firsi-degree price discrimination is achieved, M would be
yreater than 1. The use of this :ndex of monopely effectiveness to ana’iyz:; the
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effects of seller conspiracies can paint a somewhat differeni picture than
aggregate pricc and quantity data. A monopolist or cartel that sets price
above P, wili have a great impact on the markaﬁ : earn & smaller
pwﬁt‘ﬂ:anatthecamsomzw in period 1 :
posted. prices so high that no buyer could pmﬂzabl
awtmvn mnpmw:y wnh end-of-peviod! price muwmm

ot etely ) mtu,nedhut It scems
;:Bowmg all fcmr sellers

tmdc ‘uﬂ’ tbe margin cost array (lowést eost umts Erst) ’wlme -our carteis
ﬁ!ly ‘rahma!mﬁ’) might‘not trade up the market supply array
(altbougkc;ch séller imnst trade up his/her individual margipa! cost array). A
,‘ oftbssrs:fewhsedetoﬁersoneumtfotnate ut P, and
tmym eboose (mkrmwmgiy), fiot to purchase the lowest-cost unit supplied.
Thus at a fixed prics and assuming full demand revelation, cartel prof: ts can
be considered a random ‘'variable rather than being sirictly determinec as in
the monopoly case. The raadom nature of cartel profits is illustrated in the
rieht-hand portion of fig 1 which displays three possible;;group profit
polygons for sellérs. These profit polygons are constructed assm'ning that all
seilers quote a sinigle o& price, buyers fully reveal dﬂnand at this price, and
one of the following oomhaans holdz:

fot“whlch price exceeds marginal
1¢ market always trade first (a3 in

Case 1. Each seller offers for sawﬁ!l uni
cost and thé lowest-cost units supplied t0
the case of pure zaoaapely) :

Case 2 Each siller offers for sale only !ns/her first (lowest-cost) unit and
the highest-cost of these units supphed to the market a‘ways trade ﬁrst

Case 3. Each seller- oﬁm for sale all units fat wlnch price: exmds marginal
cost and the highest-cost units supplied to the market. always trade first (the
highest-cost unit available to buyers at a given point in time is constrained
by the fact that each sel er must trade his/her units in sequence from low-
~ost to high-cost).
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Note that cases 1 and“3 ”‘x‘f)l'mde'itppet -and lower bounds, respectively, on cartel
profits for & iven offer price assuming full demand revelztion.
points can. be. made based on the profit information
-dlsplayed in fig. 1. First, the discrete (integer quantity) supplv and demand
arrays generate discontinucus seller profit polygory; the ‘saw-toothed’ nature
of these polygons could causs a simple sequential price-search process (by a
group-profit maximizing cartel or monopolist) to convergs to any of the top
four steps on the demand array, depending on the choice of the starting price
and the size of the pncr: mcremenl,/decrcment Second, the profit polygon
labelled case 2 has & ‘maximum value at-a price corresponding to the fourth
step on the demand icurve (P~ 0.35). For a cartel sirztegy based on each
seller offering a smg}e unit for sale at a fixed price, (P, —0.35) can be thiught
ofas a maxx-mm theotetic ethbrium, it maximizes the minimum po:sible
iven offer price. If sellers offer for sale all units for which
the 0“'e1 price xceels margmal cost, then the maxmmm value of the (case 3)
profit pcnyguu (P,4-0.05, the upper. bound of the C.E. range) becomes the
maxi-min. price.

Taking ali. of these consxdc.ratlons into account, one might conjecture that
a monmpohst, aud quite certamly a cartel, would have a difficult time finding
and then maintaining prices at P,. In particular, the fourth demand step
appears to have potential draWing power for cartels quoiing a single offer
price.

4. Experimental resulis®

4.1. Double—auctwn, seller-conspiracy experiments

Figs. 2-5 display sequential contract prices and descriptive statistics for
da64, da65, da69 and da71. These four double-auction control experiments
were conducted to see if the basic seller-conspiracy results of Isaac- Piott
could be replicated using cur niarket parameters, experimental procedures
and the PLATO- computerized double-auction mechanism with multisite
trading. '

The data appear to be generally consistent with the Isaac—Plott resalts. In
three of the four wnarkets (da64, da65, da71) must prices were above ihe C.E.
range but well below P, The opportunity for seller conspiracies and
attempts to implement conspiracies appear to have caused these markets to
deviate from *he well-documented, robust tendency for C E. convergence ir

84s iu IsaacPlolt, the ‘es'1y’ links between the opportunity for conspiracy, discussicrs of
conspiracy, plans for comsp racy and attempts to implement the comspiracy were rov:ist.
Therefore, we will focus our di icussion on the ‘final’ link, that to market performance.
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,dwbh-mcmm _’ Noie, hwevex, :that 'none of’the tradmg penods o
had a zefo vmm price scm Tha emsp;racaes were not successful in
é ice from which no

'-vwmums;(mw We are thos confident

comp;mtonal epportunitics, our market desxgn will yxcld a behamoral
equililrium which mespcmds ciosely to the CE. ‘

{rrr"miztgtoup.mmpmmm ia;nmkm'mg ¢ from period 1. |
all six experiments, tie finks from the epportumty to conspxre to actual
attempts to mxp!emen{ a mmsguac y! w::te rcbnst, ; :

98&:“&:&1& {1982:}, pmpmmmfi and 5, ﬂ:r adiitions dﬂmsaonmd dacumentahcn of
Joulle-suction convergence properiies. One {’mmpenewed subject’) double-auction experiment
withowt conspiratosial op;mmmmes w. & condinted usive th¢ market design shown in fig. 1. The
resubis ‘were copsigient with peevicus double-ancticn experiments; the mean price was within 10
ceuts of Py after one trading period (nveraging Pg+4.05 over 2ll periods), volume was 6 or 7

units ia all periods, and ¢ Bclency averaged 91 patosnt om all periods (mqncwhat jow by
doublz-anction standards).
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In the experiments where seller conspiracies were allowed only afte: period
10 (figs. 6 and 7), nctice that market performance became less competitive
after the opportunitie: for conspiracy were allowed. Ficwever, neither gronp
of sellers chose to consisiently fix contrict pnces at P,,. Sellers in po66 co-
ordinate the offer price posted, and contracts appear to have stabilized at a
prive very near the fourth step on the demand ¢ rve where, with full demand
revelation by buyers, each seller trades one un.t. Noie that full revelation
occurred in periods 16 and {7 but that under-revelation in period 18 was
followed by a five cent price dectiie (and full revelation) in period 19.
Experiment po67 disgiayed less price staoility than pot6 during periods 1-10
as well as periods 11-20. In periods 17 and 18, four contracts cccurred at the
fourth step on the demand array but this was followsd by two periods of
dispersed offers and an upward movement of the mean contract price.

Figs. 3 throngh 11 display sequential offer prices ana de.criptive statistics
for experiments poSs, poS9, po77 and po83 where seli:rs were allowid to
commuricate prior to each trading period. Experiment poS55 is striking in
that sellers conspire to fix the market price at the C.E. price. In contrast with
this, sellers in.experiment po77 formed a fairly effective cartel, posting offers
at P, in six of the final seven trading periods. Showing more sophistica:ion
than other seller groups, the cartel rotated the assignment of wihich
individual would post a jrice above P, and thus not trade a unit.
Experimerts pod9 and po8? both appear to have stabilized at a price near
the fourth demand step. Prices in po59 were five cents below the fourth sten
in periods 10-15 with buyers fully revealing demand in five of these six
periods. In po83, cifer prices were slightly above the fourth demand step in
periods 12-15 thus prohibiting a fourth unit from trading and lowering ¢t riei
profits. However, the gradual lowering of offer prices in the last few per ods
is a pattern concisteni with eveniually stabilizing at the highest price where
buyers are willing to trade four units.

Foo the six posted-offer seller-conspiracy sessions we thus cbsecve one
market converging to the monopoly optimum price, one convergiig to the
C.E. price, and four generating final contract prices in a range near the
fourth demand step.

4.4. Posted-offer, moncpoly experiments

Finally, we turn to the four experiments (po92. po%4, pol!02 and pol07)
designed to observe the behavior of the same posted-offer marbet opera ing
under a true monopolv. Figs. 12 through 15 display descriptive statistics ind
sequential offers for these experiments.

The seller in pol02 was the least successful menopoiist. He chose to ofier
units at the C.E. price in the last tweive periods of the experiment. This
occurred in spite of the fact that in periods 1, 5, € and 8 clarging a price
above the C'F. resuliec in larger profits. Based on mformai comments at the



ani. conspivacies.in trade

3

R.M. Isaac el al., Market org

no

‘LL0d yuswrzadvy ‘o) BLd

1230 peidanaeun=0 130 perdedigec
gaonwioxa 1 _ | . | . | , ‘ 1 -
AMINYND & £ £ 4 ‘ e { 7 R € [4 £ £ € £ £ £ £
30id NVaW | oo §ove | oty | oey | ot sy ocr | ooy | owy | @wsor oy 20y we o+ o 50w
SSINIAILORL4T vo 1w | ol w , N PR R . . " oot
ATOSONCW ,..36 €0 nn.o e ” o}l wo ‘ .Qno : f1x4) wo Wo | £80 [+ 1] Yo Wwo ) e
sonaiotgs |oose Jovor | we | oove Jom | owos | ooost | ues | oo jeeojue ) de Ty 0818 oSt wgg [ F
Log'e
0 R SR . — E “ ., o - - - - - - ‘
N : RIS IR YRR RN TN, FUN RS g R PRSI S SV R IS A7y U
o’y 1} N ] & ot b
: ¢ DOXKKIOMS) oaa®® " L oaouo™® Heee| T
“ . . " . - O
Wy o -weel -esal -euel-oocoselonesel - gl ceee |- For 5 Naad NN o - - e STy
. : o0
o o o . o5
. : ] W
cowdd | o = _ m R
, [} 'R 1 [
odowad | g fo | joe tm [ ow fou e | B Jadeg by : z 1
oo = & - oo - 009
Po Por e Tes

SA0INd TV ADVWHIJSNOD HWATIAS



FA

R, Isaac et al., Market organization and conspiracies in trade

‘ggod 1owadx3 11 814

1330 paydesoeun=a 12140 napdanie e
Q3IBNVYHI X3
ALILNVND £ £ £ £ £ £ v € £ 14 I 4 4 A v o1
IDIMA MW 1ong ool 105 €05 | TOS | E09 | €09 009 | %09 005 | €69 16¢ L9 e o9 00°s
wmuwwww_%um% wolwolzolero } ezo Joce ] sso | 2o uo Jesol oso | a0 180 96C &o 5¢°G
ASNFIDLAY jovor]erorjoossioose | Goss jooss | eoes | ooss ooscleces) eqon | o008 £9°08 o0y Qnre 058
»

o 1.\I|]|.||Llnll. — e o e e e el ——— e e e R e e e e — g e e e R e B e e v - 55 .
& A R R . e S R e s SR R i e i e i Ll UV VR m_n..m
YA joees jesnl us ocosc e ooee® °® ool ool ***® m@‘ atea o L ngya

. aoe N ' | 19 o
bRty ] _ =13 u
T
F.ﬁ L.|;|1..|IL—:|||'I.||.T»|I|IL'lllv-‘l.!l..fl..al'».l.l.ll.llil* lllllllllll s.'ln;cl.l,..Tllull,ﬁ. I#
Q00 coa 00pl00 ¥ 1 059
i 006G 000
Otz | - 8L
omavas 1S leti ol ool o6 g (¢lse |3 v £ z t

| . _ 002

aoMd

$A0IHAd TV ‘ADVHIdASNOD HIATIIS



RAM. Isonc st-ol:;; Market orpimizeion and éoaspiracies in trade

‘z60d mourredxg ‘71 Big

sioye peidarmURgaeve Bs pytaagun - o O PR - @
AFONYHINE ) o : : : , ,
Aunyrs | oy L s [ #] ¥ g 4y s fofe e e 9 ¢ ¢ v | 8} > ¥ ¢ e jol » £
soisd nyaw | s ] omn | o Jomlorr !l oee o] wedouny owe [oe o | ore | we | owe Jove | oo foow | wel| ws | we [ofom |
RO | wwn | ovo | we Joptamal o Jem D oeee Jarlen L Josa} wo [ ooo | wo fen fwo leo | wo | mo | e fesl wo | oo
Aow3toissa [ ooes Joose | owes Jeoos | oven | ove [oow | sawe joow {oow |oom [ness | ovis | ooom | oo | cvee | osee | oee | erus | ooon | oose [o ] s | ooom
R e A N e e ST B Tl MR T vt o RUNES et ety SO &
ee 32fmnwi_.!i.?ﬂ{}n_,.fs?;.ﬁ._,.;m_.;.,;;..f\,-i::. asxoc SN : B Y st S
) " 1 moses) orees) . e
(R N 5 , ¢ Aoy
> use : woRe wisee
“d 3 .
| | | ]
aowEs | : o ;
PREIVEL | o ~ wt jeelelwlaea jal o joaje ||| o]l wijoel|s]e ¢ ) “ s Il ¢ t
[ TS & . Vyensd f




213

M. Isaac et al., Market organizadion and conspiracies in tradle

3
e

R

“y

GOENIA

‘peod yusuruadyy ¢ By

SIBH0 PEIIBAIBLN K ~ EX L

1510 pejduonrun =0

18§40 paydane- e

T
o xm‘v.
£ z € £ 4 4 T £ £ € € [ % € £ £t z € € £ L L] G L L 9
sy ey} siv Y ey 3 oLy [08Y | Sl (.34 e [ )] «®r Wy oy S6r | OLY | S9Y 08y 4] oy wy [¥4] oz [~ (184 wGe
on jeaoioon j 00t Jaoj 001 fwo oot | 40 ) 90D | o | &0} WO 820 | 950 [roc i Lo | 90 | €0 44 | ezo 0e0 ->Av] 30 Ko
SLe
,mm‘.\.ln 2R 0058 | 0S8 JUYIR| 009 ,STve ) 00'SR | 00'SE | BGOSR | GUSS | 006U | 0069 | 00'Se | D09 |L69! | Oudw | O0%E OJ50 | 000D (IR aen OG'GOL q000L ~ ££es
. ] H F ot
Siag: St St atudy Shur Al U St A S A G W At i S DU Ity Dubuts Souiusy Rnpapal MUY T it
ZOSRATE| S o esd ) - - Gy
talt X
m - . -)Gb
P i Honc S I -
fels L el B PSS e il R B e (e dalhl gl - = - -1 e S i ettt Rt oo P SLY
- 00°G
o< |W] T T {ic | OE | 8L Si it i gi i gl (4} i |G 8 8 4 m 4 § 4 € z g 575
L]



RM. Isaac et al., Market crgan zation and conspiracies in trade

214

"zo10d yuowpsdyy p1 814

O PIKBIUN=0 190 POISIOE-e

B . ..v " g

aawmod |y J o e [ efebo e jejef el epefjses]e]s Los o] v
gomsanwsn | ~s | e | oos | ows | oms | owe | ows | oow | oen | oows | ows | oes | s | oew | e | w5 | w5 | o ons 1008
SETUINILI A [ _ O oy

odonam | %0 [ wo | oco | oo joro | oo | wo | oo | ooeo | oo | kg | 060 | w0 ) 0 o | oo | ooo | ora | oso | o
Aonataed | ooom | oss | cooor | ooom | ooz | ows | ovom | ooom | ocecs | ooont | oo | oooor | wes | oovo | wee | wee | 000m | covdn [ ewud | cEve [0S
;.AC..«.I.,..‘.lx Tw}ln;%.%..st..f..rl. lllll .....‘.I..:.‘..,.l.i.l:.ll..l.vllll.l.i»,.;Jl'li.!’.li..l.l'-; iiiiiiiii L e e el -~ - el .m
% - SOGIETGL HTPIOSRSS00008 { 0005006 Aty ‘,.,.,t,*,,. xxxxxxx m.o..!l..-c; e W

e
: : -00'9
900

ﬁ&»w:.n SR ~ PRI ST P ﬁuﬁl!?li.Ilfilll!&,lLl!ll!blili.I..-.l.r - S DU "
089
008

Qo , ,

onowviy | ® ] e | m ] ou | o® ol {eoijos|u|oa ] & L ] ] v t i

o04id




R.M. Isaac et al., Market organization ard conspirocies in trade

vod spmimndyoy oo @7 -
M . ‘m)‘r- i vid

wieY pPRyGesdtun § - ST D man agd e 13440 PNNET N w @
GIONVYHIXT ! i { H §
AMMNYNO JEJE£E [ E jElETE £ £ tjejelele € € L4 3 € z £ € z z Z A z
. i
IDUd NYER gRagne) ar G 608|800 ] 809 Op JOUD 808 fRoelSOUIEUY| 66Y | V0B | Q¥ 1 e | buw wow LV L e PhR ETEI
SSBNIMLOIIY Jmoleso] ss0 [wsolosnf wo | wo | we jsof ave [vofssofmo] czo [sxo{ oo [mo | wo | ero | wo | wso | w0 | a0 | se | eco
ADNZIDA. o0 foose fo .2y orIs ; cosa joow|oos boosovsslooss} we: |oose | eves |oose | vose | wes | oose | cowe | ewos | cows | cose “ o5
i
: - U RN W JEN (N S (N NN S DU URN RN ROV ADUR G WO DU R [
0, e e e - - - — — 4 - - _ B - -
B SRV U AU N I SN AN E i SN AR AU IO U Ay AN MU SN RPN SN RSRUN NS NN | A m
AV . I cea| S¥OBO® ovees soese] moee _
owg]von] TS0 jaze 008 {IR6S] o:oaee |G wwe) L e one oses o mwocee| poees _
M |
df— 1 — F — —p— -3 hadinaib ol e Sl i bl el Bl i g ol S i et e ol LR R P TeT T (se ) - - | -
SCEs A
M [ T
i
- {
00i3d !
oNigwHL (STl (@i & i 8L (4L 8L (S WL EL (43 L] O 6 , 8 L 8 9 ¥ € H m 3




= v-z,—wc/" —_— -‘-—'r"-—

periotmame mtena (nmma!;med mennpmée, voinmae, eﬁmency index and
moriopoiy efizctiveness fndex) for gach of the four experimental groupings.
The chartmgs are sample mﬂmsdenved fmm observatmns’pooled CTOSS 2 all
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| parame:rs cocedured). Two of ten experitnents (poT7, po94) do not
suaport tmsstatement. C :

We nHOW pment the resuits voif a ﬁ::nes of int oup' statishcal cumpansona_

of mgkme mark i

differencs in means is cens:stemf
ssis. Small values for T are .

L

Table2

¥y Wilcoxon T* Yilcoxon T® stectlio?

“p.0. conspiracy S. 8 : 11 {nam)' Yes
p.o.Conspiracy = .29 - ll’ina 9 No -

p.o. monopoly 55,57 30{11::}5) ..

p.o conspiracy § B xlfn=m)~‘ “Yes
p.o.na-conspnagy ‘

‘ngcd?ﬁﬁmﬂfksmmd,
"One tailed fest, a=005.

Table 3 : R
- Qunantity companson. ka:oxon test on pmrm p|=r|od means.

- Am’al Cl‘l‘m* iR
H, " Wilcoxon T* Wﬂeoxon T* Reject Hy?

p.o. conspiracy> .46 . - ll(ngli})-; Y
d:a. conspiracy B

p.0. conspiracy < 3840 11(r=10) No
p-o. monopoly 8588 30 (n=15)

po. udspiracyz 3. L 11{n=10) Yes
;w. 10-COnspiracy S o

of T is given if ties ocourred.
®One tailed test, =005,
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Table 4
-Monopoly. eifectiveness index comparison: Wilcoxon test on
paired period means.
o Actusi Critcal
Hﬂ: st Wﬂcoxon T Wilcoxon T* Reject Ho? -
_pe mnsxmcyé 4 @10 No
da oonspu-acy )
‘ pn conspuacyz 9 11 (n=10)
p.o. m«mdpo!fy - 10 WV (n=15 Yes
p.o. rconspamxyg 15 11 (n=10) Neo
o nu-cnngpiracy
© *One tiled test, a=0.05.
_ Table 5
- Efficiency index comparison: Wilcoxon test on paired period
means.
Actual Critical
H, Wilcoxon T* Wilcoxon T® Reject Hy?
p.o. conspiricy = 12,13 11 (n=10) No
d.a. consgarcy
p-o conspmncys 45 11{(n=10) No
P-0. wonoepyy 104 30 (n=15)
P-O. conspirasy = 21 1(n=10) No

p.o. no—mnspxmcy

‘Range of T is given if ties occurred.
*Onie tailed! test, =0.05.

" The mformatmn prcaented in table 2 indicates that period wean prices in
the pmted—oﬁer conspiracy expenmcnfs stochastically Jominate those
gener? ted “in both the posted-oﬁ‘er competitive and the double-auction
consprracy control groups. We may not conclude that period mean prices
genmated by posted-oﬁ'e' monopolies dominate those generated by posted-
offer cunspiracies. The sahe set of aualitative conclusions iz conveyed by
table 3 period mean exchange volume in both the posted-ofier competitive
and double-auction conspiracy control groups exceeds volume generated in
posted-offer comspiracies No significant difference is found between mean
volume in posted—offer ccuspiracy and posted-offer monopoly.

“Turn ng to the two measures of market performance based on actual vs.
theoret:cal proftt (M and E) we obtain somewhat different results. From

table 4 ‘we see tilat the only sxgmf cant difference indicated for the three
treatment-control group comparisons is that M is significantly larger in the



B RMilsasce a&, Mark st organiration'and cor

true monopoly expenments yelative to the posted-offer  conspiracy
experiments. Given our imability to reject the equility of-mean price and
volume in this mmpanson, we mvght have predlcted thxs result based on our

discussion (section "3) of the ; LNC eced car
varsus the one: face ' Recall that the monopoixst’
profit function reprmeﬁts the' upper-‘bound of ‘the eartel’ stochastic profit
function (assuming fuli demiand revelation and asinglé pricé. quote coming
from all cartel mcmbers) Our mabmty to reject #f hypothesis in the
other teo comparisons stresses “he fact that an eleva @noe does not
nemssanly translate into an elevated profit level for_selless. The results
presented in table 5 indicate tha: we may not reje of the stated a priori
null hypotheses regardmg efficiesxcy. It should be no however that for the
fiftuen-period comparison of posted-offsr comspiracy vs. posted-offer
monopoly (T=104), a reversal of the inequality in the statement of the null
hypothesis wouid lead us to conclude that efficiency in monopolistic markets
is significantly greater tham in markets with seller conspiracies (T'=16). This
scggests that the increase in-monopoly profit-over castel profits revealed in
table 4 was not accompanied by a significant decrease in buyer profits.

5. Parting comunents

The results presented here demoustrate that opportumtles for seller
conspiracy in a posted-offer market can foster market prices consistently
above the competitive equilibrium. This pher.omenon is.above and beyond
the previously observed tendency of such markets to converge to the
com etitive equilibrium from above. Ther: is not, however, a clear tendency
for prices to rise to levels at or near the theoretical monopoly predictions
given the market parameters used in this : .:ltudy ] ough prices did not
tmd to comc:de thh th;e thmmhcal mmopo y predlcnon posted-offer

‘Whexn xaewed in light of the”prekus expenmental results of Isaac and
Ploit, our data snggest at, least two points about thc relationshxps between

, rad) g‘ms utidn can make
ztatonal opportunities. seem. to be
3. Iait v not s ‘ofits), in_posted-offer ‘markets than

in mazkets orgamzed as double auctions, We. ce;mectwe ‘that one primary

a d:;&etcncc. Esy
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cause of the apparently different effects on pricing decisions of the
opportunities for conspiracy in posted-offer markets (as opposed *o double
auctions) -is the temporary rigidity of prices in the former. This inflexibility
seems: 10 - substantially - redace the temptatmn tc cheat on the conspiracy
agreements.

Several interesting questions remain for future study. Within the realm of
the posted-offer trading institution, there are several features of structure
and/or conduct that could influence the success of opportunities for
conspiracy: (1) non-passive buyer responses, (2) the type of information
available to market participants, (3) the market supply and demand
parameters, and (4) the possibility of side-payments within a cartel. The
difierence in- pricing behavior among our four monopoly experiments
demonstrates the power of strategic buyer withholding of demand. One
question for further study is to examine the conditions under which such
withholding is more or less likely to occur. The nature and amount of
information about market parameters is a variable which has already drawn
the attention of U.S. antitrust authorities.'® In our design, each conspirator
knew ‘au exchange prices and quantities traded, but not the cost conditions
of other sellers nor the t-ue demand parameters of the buyers. The effect of
changing this information mix is an open question.

Another area for further research involves looking at other market ‘1ading
institutions. For example, part of the electrical conspiracy of the 1950s
involved a different kind of trading mechanism, the sealed-bid aucti»n. In
addition, neither of the two exchange mechanisms studied so far has looked
at sellers who produce for inventory inctead of ‘to order’. We speculate that
the ‘trading institution will continue tc be shown to be an important
component of the relationship between market structure and economic
performance.

The use of laboratciy expetimentel techniques in industrial organization
and general microeconomic research is a relstively new and ravpidly evolving
methodology with inkerent advantages and limitations [see, for example,
Plott (1981,1982), #mith (1982a,b) and Isaac (1983)]. From a positive
perspective, variations in the trading institution and opportunities for
communication among market participants were conducted using an
experimentor-controlled underlying set of market parameters. Ciritical
measures of market performance were directly observable relativ: to
theoretical predictions and hypothesis tecting based or experim:sntal
replications of a particular market environment was relatively straignt-
forward. However, it is important to stress that the direct relevance of
our laboratory data to policymaking or picdicting outcomes in ‘naturzlly
occurring’ markets (external validity) should not be assumed. Smith (1931)

YFor exampie. see Tug Manufacturer’s Institute v. Federal Trade Commission 174 F 2d 4.0
(1st Cir. 1979).
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