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tionDe
ision: An Experimental AnalysisJohannus A. Janmaat∗†A
adia University, Wolfville, Nova S
otia, Canada, B4P 2R6De
ember 8, 2005Abstra
tThe Hayek Hypothesis holds that pri
es 
ontain enough information todire
t the resour
es in the e
onomy to their most e�
ient use. In a seriesof experiments, Vernon Smith (1992) found that, with the right tradinginstitutions, a market with agents that know only their own valuationsof a good will 
onverge quite rapidly to the 
ompetitive equilibrium pri
eand trading volume. In the series of experiments reported here, the exten-sion of the Hayek Hypothesis to an e
onomy with produ
tion is explored.When agents 
an 
hoose between autarki
 produ
tion and spe
ialization,they have the opportunity to hedge against market risk. A 
oordinationproblem is also 
reated, interfering with the ability of the system to 
on-verge on the theoreti
al Ri
ardian equilibrium.JEL: C9, D8, F1Keywords: experimental e
onomi
s, Hayek hypothesis, trade1 Introdu
tionThe fa
t that the out
omes generated by a 
ompetitive market are e�
ient is anessential 
omponent of 
onventional e
onomi
 theory. Experimental e
onomistshave shown that with the appropriate e
onomi
 institutions, near 
ompetitiveout
omes 
an be 
onsistently generated [Kagel and Roth, 1995℄. However, thee�
ient distribution of goods in an e
onomy is only one of the 
onditions ne
es-sary for an e
onomy to be e�
ient. In an e
onomy with produ
tion, if e
onomi
agents do not spe
ialize and trade, then the 
ompetitive market 
annot work its
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wonders. This intimate 
onne
tion between produ
tion and ex
hange de
isionsis well known, and 
an be found in most introdu
tory texts.The argument that gains from trade are a 
onsequen
e of di�eren
es in
omparative advantage is 
redited to David Ri
ardo (1772-1823). The logi
is very simple. Agents with di�erent relative abilities 
an, through trade andspe
ialization, realize greater pro�ts than if they relied stri
tly on their owndevi
es. Given no impediments to trade, and rational, pro�t maximizing agents,all potential gains should be exploited. There are two a
tions we would expe
t tosee in an e
onomy that satis�es these 
onditions. First, we would expe
t to seeagents spe
ialize in those a
tivities where they have a 
omparative advantage.Se
ond, we would expe
t to see trade between these spe
ialists.Experiments whi
h investigate market behavior are 
ommon. Holt [1995℄provides an overview of various market institutions, while Kagel [1995℄ providesa summary of resear
h that has been 
ondu
ted on au
tion markets. Severalinstitutions are remarkable in their ability to 
onverge on a stable pri
e andtrading quantity. The double au
tion is one of these, and is 
ommonly the bestat reprodu
ing results that are 
onsistent with e
onomi
 theory. For this reason,the double au
tion is mu
h used in experimental work.Experiments whi
h investigate the produ
tion de
ision are less 
ommon.Frequently, the produ
tion de
ision itself serves as the a
tion whi
h the appliedin
entives are expe
ted to modify. For example, van Dijk et al. [2001℄ engagedpairs of subje
ts independently in a mentally demanding task, exploring dif-ferent 
ompensation s
hemes (individual vs team). In their literature review,they �nd few studies, either �eld or experimental, that 
onsider the relationshipbetween payment s
hemes and e�ort. Integrating the produ
tion de
ision within
entives generated by a market is even less 
ommon. This is somewhat sur-prising, as Ri
ardo's theory of 
omparative advantage is almost as fundamentalto e
onomi
s as the view that 
ompetitive markets lead to e�
ient allo
ations.Those that have been 
ondu
ted seem to be prin
ipally edu
ational in nature.Haupert [1996℄ 
ondu
ted a 
lassroom experiment in 
omparative advantage.Subje
ts were assigned di�erent produ
tive abilities in two goods - guns andbutter. Ea
h subje
t was given a produ
tion target, whi
h 
ould not be attainedwithout spe
ialization and trade. Trading was de
entralized, in that subje
tssear
hed the room for partners to trade with. If the target was attained, thesubje
t earned a parti
ular number of points toward the 
ourse grade. Subje
tswho failed to attain their target re
eived no reward. Of those that surpassedthe target, a subset of the best performers re
eived a bonus. Five rounds were
ondu
ted, with varying degrees of trade restri
tions in ea
h round, and a tari�added in the �nal round. Sin
e the purpose of this experiment was to motivate
lassroom dis
ussion, no detailed analysis of the results was provided.In the Haupert experiment, subje
ts tended to �nd one partner ea
h round,and traded ex
lusively with them. The produ
tion possibilities were set up su
hthat every student 
ould �nd a partner with whom to trade. In e�e
t, this was anexperiment in de
entralized sear
h and mat
hing. Although the gains to �ndingthe right type of partner were a 
onsequen
e of the marginal produ
tivitiesassigned, one 
ould just as well have assigned ea
h subje
t a type and a reward2



s
hedule related to their �nding another subje
t of a parti
ular type. Further,without a 
entralized trading institution, the agreed to terms of trade need notbear any relation to those predi
ted by the theory of 
omparative advantage.Thus, it is un
lear what predi
tions of the theory this experiment was testing.In spite of these short
omings as an experiment, it is a
knowledged that thisexperiment is an innovative and likely engaging exer
ise in the 
lassroom.In their prin
iples textbook, Bergstrom and Miller [1999℄ 
ondu
t a tradingexperiment where subje
ts produ
e '�sh' and 'loaves'. Subje
ts are divided intotwo groups, representing produ
ers in two di�erent 
ountries. The payo� earnedis the minimum of the number of loaves or �sh that the subje
ts have after ea
hround of the experiment. Subje
ts 
hoose how to allo
ate a twenty hour laborendowment between the produ
tion of ea
h good, where their produ
tive abili-ties depend on whi
h 
ountry they are in. In the �rst round of the experiment,subje
ts 
annot trade outside their own 
ountry. Within one 
ountry, all stu-dents have the same opportunity 
osts, so that there are no gains from trade.In further rounds, subje
ts again 
hoose how to allo
ate their labor endow-ment, but are able to trade with subje
ts in the other 
ountry. The obje
tiveof the exer
ise is to demonstrate that gains from trade follow from 
omparativeadvantage, as one 
ountry has an absolute advantage over the other.The experiment developed in this paper shares the Leontief pro�t fun
tionwith Bergstrom and Miller [1999℄. However, it is 
ondu
ted in an environmentwith greater 
ontrol over subje
t 
ommuni
ation as a means of fa
ilitating 
o-ordination. Further, no subje
t has 
omplete information about the produ
tionpossibilities and inventories of any other subje
t. All information about thede
isions of others is 
onveyed through the observed trading ratios.The absen
e of 
omplete information is a departure from the 
lassi
 treat-ment of market e�
ien
y, a 
hange in the spirit of Hayek [1945℄. Hayek's fun-damental argument was that the spe
i�
 situations that individuals �nd them-selves in is su
h that no single authority 
ould 
olle
t the requisite informationto e�e
tively manage so
iety's resour
es. However, the pri
e me
hanism, by
reating signals that reward individuals for making the 'right' de
isions, is 
a-pable of doing so. Be
kmann and Werding [1994℄ provide an overview of testsin experimental sto
k markets of the �Hayek hypothesis,� the label given tothe hypothesis that the pri
e alone is su�
ient to 
oordinate a
tivities in thee
onomy and ensure an e�
ient out
ome. They assert that there are three keypropositions implied by the Hayek hypothesis:1. Competitive markets lead to allo
ations whi
h fully exhaust the availablegains from trade.2. Competition 
o-ordinates individual a
tivities in su
h a way that individ-uals de
ide as if they had a

ess to so
iety's entire sto
k of information,although ea
h of them possesses but a tiny fragment of it. ...3. Competition provides in
entives for individuals to dis
over (or 
reate) newpie
es of information. Moreover, pri
e signals, whi
h en
apsulate all of3



so
iety's present knowledge, guide individual resear
h e�orts in the rightdire
tion.In the Ri
ardian trading environment of the reported experiment, the �rst twopropositions 
an be tested.Although the basi
 theory of 
omparative advantage and gains from tradeis familiar to most readers, it will be reviewed both to ensure that familiarity,and 
learly highlight the impli
ations of that theory whi
h were being tested.For a two good e
onomy, a produ
tion possibilities set 
an be drawn to mapout the various possible 
ombinations of the two outputs, given a �xed set ofinputs. The outer boundary of the produ
tion possibilities set is the produ
tionpossibilities frontier (PPF). Along the PPF no resour
es are idle, and to produ
emore of one good, the amount of the other good produ
ed must be redu
ed. Ifan e
onomy is produ
ing on its PPF, it is produ
tively e�
ient.For the e
onomy to be Pareto e�
ient, it must be produ
ing at a point whereit is not possible to 
hoose another produ
tion point su
h that one person 
anbe made better o� without making anyone else worse o�. At a Pareto e�
ientpoint, the e
onomy is both produ
tively and allo
atively e�
ient. The slope ofthe PPF at a parti
ular point represents the opportunity 
ost to the e
onomyof produ
ing one more unit of one of the goods in terms of the amount of theother that must be foregone. At the Pareto e�
ient point, this slope representsa tradeo� between the two goods that, at the margin, would leave 'so
iety'equally well o�.Where the e
onomy in
ludes many produ
ers, ea
h produ
er should spe
ial-ize in that a
tivity where she has a 
omparative advantage. So long as her ownopportunity 
ost is di�erent from the opportunity 
ost at the Pareto e�
ientpoint, she should in
rease her produ
tion of that good for whi
h her opportu-nity 
ost is lower. When all produ
ers a
t in this way, then the e
onomy willattain the Pareto e�
ient point. However, so long as produ
ers do not spe
ializea

ording to their 
omparative advantage, the e
onomy will be operating at apoint inside the PPF. Aggregate welfare is therefore not maximized.For the individual produ
er to be better o� by spe
ializing, they must beable to trade what they are produ
ing for the good they desire. The ratio atwhi
h they 
an trade must be 'better' than their own opportunity 
ost. If not,then they would be better o� not to spe
ialize, or to spe
ialize in the oppositedire
tion. The produ
tion point whi
h is optimal for the individual o

urs wherethe opportunity 
ost to the individual is equal to the trading ratio that theyfa
e, unless they are at a 
orner. At the Pareto e�
ient point, the trading ratiowill also be equal to the slope of the PPF.Figure 1 illustrates the des
ription just given, in the 
ase where preferen
esare identi
al and 
an be represented by Leontief indi�eren
e 
urves. In bothframes the PPF represents two types of produ
er. In �gure 1.a, one produ
er 
anprodu
e 6 units of good x or 12 units of good y, or linear 
ombinations thereof.The other produ
er 
an produ
e 4 units of good y or 8 units of good x, or linear
ombinations thereof. Without spe
ializing and trading, ea
h individual wouldbe produ
ing at the interse
tion of their own PPF and the expansion path of4
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Figure 1: Produ
tion Possibilities Frontiers, Indi�eren
e Curves, and equilib-rium pri
e ratios. 'L' shaped lines labeled 'U' mark a Leontief indi�eren
e 
urvewith single point of 
onta
t on PPF. Dashed lines mark produ
tion possibilitiesfor individual produ
ers. Unmarked solid lines identify 
ombined produ
tionpossibilities frontier for both produ
ers. Dotted line marks expansion path forPareto e�
ient points. Grey line and hat
hed region marks mutually a

eptabletrading ratios that support Pareto e�
ient point.
5



the indi�eren
e 
urves, generating a total of 5.4 units of good x and 8.1 unitsof good y. If both produ
ers fully spe
ialize, then together they 
an produ
e8 units of good x and 12 units of good y. As long as the trading ratio fallssomewhere between 2 units of x for 1 unit of y and 1 unit of x for 2 units of y,both produ
ers will be better o� spe
ializing and trading than by produ
ing amix of both goods.Figure 1.b shows the 
ase where the kink in the PPF does not fall 
onve-niently on the expansion path of the indi�eren
e 
urve. In this example oneprodu
er 
an produ
e 7 units of good x or 5 units of good y, or linear 
om-binations thereof, while the other produ
er 
an produ
e 5 units of good x or15 units of good y, or linear 
ombinations thereof. Without spe
ializing andtrading, these two produ
ers generate a total of 5.6 units of good x and 8.4units of good y. To a
hieve the Pareto e�
ient produ
tion point, one produ
erfully spe
ializes, produ
ing 7 units of good x. The other produ
er produ
es oneunit of good x and 12 units of good y. Sin
e this se
ond produ
er is not fullyspe
ialized, the trading ratio must be equal to the slope of this person's PPF,one unit of good x in ex
hange for 3 units of y. However, noti
e that at thisparti
ular trading ratio, the se
ond individual is no better o� by spe
ializingand trading than they 
ould be without trading.In this environment, 
lassi
al theory makes several predi
tions about theequilibrium out
ome. For the 
ase where the kink in the PPF falls on theexpansion path of the indi�eren
e 
urves, both agents will fully spe
ialize andthe trading ratio will lie between the slopes of the PPF on either side of thekink that falls on the expansion path. When the expansion path 
rosses thePPF on a straight segment, produ
ers with an opportunity 
ost equal to theslope of the PPF segment that interse
ts the expansion path will not spe
ialize.All other produ
ers will. The trading ratio will equal the slope of the PPF atthe interse
tion of the PPF and the expansion path. These predi
tions form thebasis of the tests of the model.The Hayek hypothesis holds that pri
e alone is su�
ient to lead to e
onomi
e�
ien
y, indu
ing produ
ers to spe
ialize in those goods where they have a
omparative advantage. In this experiment, subje
ts will either have only theirown produ
tive abilities and the observed trading ratio, or their own produ
tiveabilities, the aggregate produ
tive abilities, and the trading ratio. They will notknow the produ
tive abilities of other subje
ts in their group, nor the inventoriesthat those subje
ts have 
hosen to produ
e for trading. The aspe
t of the Hayekhypothesis being tested is that pri
e alone 
ontains su�
ient information todire
t the agents to spe
ialize in that whi
h they have a 
omparative advantage.The Hayek hypothesis will be tested in three prin
iple environments. In oneenvironment, the average trading ratio is 'obvious', being equal to 1:1 for thegoods subje
ts 
an produ
e. In the others it is 1:2 or 1:4. The 1:1 
ase is also'easy' in the sense that there are a range of trading ratios that are mutuallybene�
ial. In the 1:2 
ase there is only one trading ratio that is 
onsistentwith the theoreti
al equilibrium, and that ratio leaves half of the individualsindi�erent between trading and produ
ing at their autarki
 point. For the1:4 
ase there is a range of ratios that are mutually bene�
ial. However, the6



produ
tive abilities are su
h that both types of subje
t have a personal relativeadvantage in the same good. For the 1:1 
ase, spe
ialization and trading is mostlikely to o

ur. For the 1:2 
ase and the 1:4 
ase however, it is not as 
lear.2 MethodsThree experiments were 
ondu
ted at A
adia university in November 2002, Jan-uary 2003 and Mar
h 2003. All students at A
adia University are provided withlaptop 
omputers, the hardware that was used in these experiments. All exper-iments were 
ondu
ted in a le
ture theater between 9:00 and 12:00 am on aSaturday. Student subje
ts were re
ruited during the week before the exper-iment, and required to register. They 
ould only register if they su

essfullyinstalled the JavaTMRuntime Environment on their laptop 
omputers. Theywere required to bring their 
omputers to the experiment lo
ation on the dayof the experiment, along with their power supply and network 
able.The le
ture hall has movable 
hairs. To limit the extent to whi
h subje
ts
ould observe ea
h other's display [Friedmand and Sunder, 1994℄, every se
ond
hair was pla
ed upside down on the table, 
reating a partial barrier betweenstudents at the same table. The text on the laptop s
reen was small enoughthat subje
ts were not likely to be able to read the information on the displayof subje
ts in the row in front of them. The author and a resear
h assistantmonitored behavior during the experiment and did not observe any signs of
ommuni
ation or 
ooperation.During the �rst ten minutes of the experimental session, subje
ts were in-stru
ted to turn on their 
omputers and 
onne
t to the network. They were thendire
ted to a web site from whi
h they 
ould 
onne
t to the system1. Instru
-tions were available to the subje
ts upon 
onne
ting to the system (AppendixA). The author read the instru
tions for the subje
ts, answering questions af-ter 
ompletion. Subje
ts were then dire
ted to a self-test to reinfor
e theirunderstanding of the instru
tions. The self-test responses were graded by aserver s
ript, and explanations for any in
orre
t answers provided to the sub-je
t. When all subje
ts had been given about 10 minutes to 
omplete the selftest, an opportunity to ask questions was again given. When there were nofurther questions, the experiment was begun. The server randomly assignedsubje
ts to groups with between four and six members. Groups were �xed forthe duration of the experiment.Ea
h round of the experiment had two phases. During the �rst phase, sub-je
ts 
hose from a set of produ
tion bundles by moving a slider (display graphi
sare part of the instru
tions shown in Appendix A). Ea
h bundle 
ontained aparti
ular number of left and right so
ks. The bundles ranged from extremes1During the November 2002 session, instru
tions were read through a web browser andsubje
ts 
onne
ted to the system after reading the instru
tions. The later implementationshad the instru
tions delivered through a window generated by the 
lient interfa
e. Thispermitted 
omputer issues to be dealt with by a resear
h assistant while the instru
tions werebeing read. 7



with only one type of so
k to bundles with almost equal numbers of ea
h type.The set of bundles re�e
ted opportunity 
osts that were not one to one, givingea
h subje
t a bias in favor of a parti
ular type of so
k.Subje
ts were paid 
ash in a

ordan
e with the number of pairs of so
ks theywere able to produ
e. They 
ould produ
e pairs by 
hoosing bundles 
ontainingboth left and right so
ks, and/or by trading for the type of so
k they needed.Subje
ts had only one type of so
k in their inventory at any given time. At theend of the 'produ
tion' phase, all possible pairs were produ
ed using the so
ksin the sele
ted bundle, any remaining so
ks were available for trading.The 'trading' phase was managed as a double au
tion with subje
ts o�eringtrading ratios. The double au
tion me
hanism has been shown to most reliablyprodu
e theoreti
ally 
onsistent 
ompetitive equilibrium result [Smith, 1982b℄,thus redu
ing the likelihood of a me
hanism introdu
ed bias. Sin
e 
lassi
altrade theory relies on terms of trade, a 
urren
y was not used. There was alsono inventory 
arryover. At the end of the round, any remaining inventory waslost. Ea
h round was identi
al.Three treatments were investigated, variations in 
omparative and absoluteadvantage, group size, and knowledge of aggregate produ
tion possibilities. Dur-ing the November 2002 session, the produ
tion phase lasted 30 se
onds and thetrading phase ran for 210 se
onds. In the �rst session some idle time was ob-served, so it was de
ided to slightly redu
e the length of the phases. During theother two sessions, the produ
tion phase lasted 20 se
onds and the trading phase180 se
onds. Table 1 shows the three treatments. The November session was
on
luded within two hours. The sessions in January and Mar
h were 
on
ludedin slightly more than three hours. The se
ond experiments 
ondu
ted in Jan-uary and Mar
h were 
ondu
ted with the same subje
ts as used during the �rstexperiments, but randomly assigned to new groups, with random assignment ofnew types.Table 1 also shows the range of trading ratios 
onsistent with the theoreti
alequilibrium for ea
h treatment, and the mean equilibrium trading ratio. Themean ratio is 
al
ulated as (p + 1)/(1/p + 1), where p is the maximum tradingratio and p is the minimum trading ratio. This is the slope of a line joiningthe interse
tion of the steeper PPF segment with the horizontal axis and theinterse
tion of the less steep PPF segment with the verti
al axis. Where there isonly one trading ratio 
onsistent with the theoreti
al equilibrium, it is displayedin the mean 
olumn.Subje
ts were provided one 
ash payment at the end of the session. Forthe sessions with two experiments, subje
ts were paid only after the se
ondexperiment. However, they were privately informed of their earnings at the endof the �rst experiment. For all sessions, subje
ts re
eived six Canadian dollarsfor parti
ipation. The 
onversion rate from pairs to dollars was adjusted so thatif the theoreti
al equilibrium was realized, subje
ts would earn $28 for the threehour experiment, slightly more than they 
ould earn at A
adia's mandated wagefor undergraduate students, $8 per hour. A
tual earnings were 
onsiderablyless than that, averaging $9.33 during the two hour November experiment, and$16.97 for the two three hour experiments in January and Mar
h. Individual8



Treatments: 1 2 3Chara
teristi
sOpportunity Cost Type #1 5R:2L 1R:2L 1R:2LType #2 2L:5R 1R:5L 3R:2LExtremes Type #1 40R or 16L 40R or 80L 30R or 60LType #2 16R or 40L 8R or 40L 30R or 20LAutarky Pairs Type #1 11.43 26.67 20Type #2 11.43 6.67 12Bundles 9 9 11EquilibriumRange of Trading Ratios 2:5 to 5:2 1:5 to 1:2 1:2Mean Trading Ratio 1:1 1:4 1:2Spe
ialization Type #1 40R, 0L 40R, 0L 10R, 40LType #2 0R, 40L 0R, 40L 30R, 0LPairs Type #1 20 32 20Type #2 20 8 20Total Pairs 40 40 40Reps (rounds) 3 (7-14) 6 (7-14) 6 (6-20)Table 1: Treatment summary. 'L' and 'R' indi
ate left and right so
ks respe
-tively. The 
hara
teristi
s assigned to ea
h type of subje
t, the opportunity 
ostor slope of the subje
t's PPF, limits of the subje
ts' PPF, autarky pairs andnumber of bundles along PPF, are reported. Theoreti
al equilibrium out
omes,trading ratios, spe
ialization and number of pairs at mean trading ratio, andtotal pairs, are also reported. At the bottom of the table, the number of repli-
ates for ea
h treatment and the range of rounds for those treatments is shown.Subje
ts in repli
ates with less than ten rounds were experien
ed in an earlierexperiment.
9



earnings ranged between $7.15 and $13.10 for the November experiment, andbetween $9.75 and $25.60 for the two experiments in January and Mar
h.There were some variations between the groups. The di�erent number ofrounds is due partly to 
omputer problems, whi
h lead to the experiment beingterminated early during its �rst run. In this 
ase, 12 rounds of usable datawere 
olle
ted. The se
ond experimental session involved only subje
ts whohad parti
ipated during the �rst session. Thus, the parti
ipants in this se
-ond session were more experien
ed. The �rst experiment of a session ran forat least 12 rounds. Those experiments with fewer rounds were se
ond exper-iments of a session. It was expe
ted that 
onvergen
e would be more rapidin these situations, as subje
ts were familiar with the display and the pro
ess.Preliminary analysis of the data from the �rst session showed that behaviorwas far from that predi
ted by theory. Two possible reasons for these resultswere entertained, and modi�
ations of the experiment implemented. The �rstmodi�
ation was a 
hange in group size. During the �rst session, all groups hadfour subje
ts, two of ea
h type. This size was sele
ted as it has been shownthat a double au
tion 
an 
onsistently �nd the 
ompetitive equilibrium, andthat near 
ompetitive out
omes are 
ommonly observed in duopoly and evenmonopoly situations [Davis and Holt, 1993℄. However, given the �rst sessionresults, groups with six subje
ts were in
luded in later sessions. In an e�ortto a

elerate movement towards equilibrium, a further 'treatment' was also in-
luded in some groups, 
ommon knowledge of the aggregate produ
tive abilities.This was implemented as an additional �eld added to the produ
tion 
ontrolpart of the display. Several additional small treatments were also 
reated as theresult of network 
onne
tion failures. These last groups have not been in
ludedin the analysis reported below.3 ResultsIf the Hayek hypothesis is 
orre
t, then the 
riti
al means of 
ommuni
ation isthe trading ratio. Figure 2 shows the overall trading ratio for ea
h repli
ate,the total right traded divided by the total left traded, and the average tradingratio for ea
h treatment. The average for treatment #1 is the highest in 14of 15 rounds shown. The average for treatment #2 is the lowest in 11 of 15rounds shown. The average for treatment #2 is always below treatment #1,and appears to be trending downward for mu
h of the time that there are atleast two repli
ates present. However, it remains well above the mean tradingratio predi
ted by theory, and only falls within the theoreti
al range in 3 of15 rounds. The mean trading ratio for treatment #3 generally falls betweenthe mean trading ratio for treatments #1 and #2. Over mu
h of its range itis trending upward, remaining 
lose to 1:1 for mu
h of the latter half of thedata shown. This mean ratio is far from the predi
ted equilibrium ratio of 1:2.Visually, it does not appear that the trading ratios are rapidly 
onverging onthe theoreti
al equilibrium pri
e. The graphs may even suggest that the tradingratio 1:1 is a
ting as a fo
al point. 10
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Figure 2: Trading ratio against round. Dotted segments show when only onerepli
ate remains in treatment. Open symbols indi
ate trading ratio for ea
hgroup. Ratio 
al
ulated as total quantity of right traded divided by total quan-tity of left traded during round. Dashed lines represent mean theoreti
al tradingratio.
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log(Righti,t/Lefti,t) = β1D1,t + β2D2,t + β3D3,t + ǫi,tTreatment βi eβi Theory SE P#1 0.211 1.235 0.4 - 2.5 0.0834 0.0128#2 -0.341 0.711 0.2 - 0.5 0.0665 0.0000#3 -0.105 0.900 0.5 0.0601 0.0838
R2 = 0.2246
H0 : β1 = β2 = β3 = 0 F3,123 = 11.88 P = 6.97 × 10−7

H0 : β1 = β2 = β3 F2,123 = 13.39 P = 5.49 × 10−7Table 2: Dummy variable regression of log trading ratio on treatment.Table 2 reports the results of an ANOVA regression 
omparing the meantrading ratio for ea
h treatment. The normality of the residuals was tested usingthe Shapiro-Wilk test [Royston, 1982℄, and found to be violated (P = 0.00011).Therefore, P values 
lose to the signi�
an
e 
uto� are suspe
t. The 
olumnlabeled eβj 
ontains the mean trading ratios for ea
h group. The order ofthe mean trading ratios follows the order of the predi
ted mean trading ratios.However, only the mean trading ratio for treatment #1 falls inside the predi
tedrange of trading ratios. The mean trading ratio for the other two groups do notfall within two standard errors of the range of theoreti
ally 
onsistent tradingratios. The trading ratios for treatments other than #1 are 'too' 
lose to atrading ratio of one, suggesting that a ratio of 1:1 may be serving as a fo
alpoint. However, this fo
al point does not appear to be too strong, as the meantrading ratio for treatment #2 is strongly signi�
ant, indi
ating that in the logregression it is di�erent from zero.The results of a pairwise 
omparison of the 
oe�
ients is shown in Table 2.The �nal 
olumn in the table reports the P values, adjusted using the methodsuggested by Holm [1979℄ and implemented in the software pa
kage R [Ihakaand Gentleman, 1996℄. Given the failure to reje
t normality for the residuals,the only treatments that may be signi�
antly di�erent are treatments #1 and#2. The ordering of the trading ratios is 
onsistent with the predi
tions oftheory, but the di�eren
es are not obviously signi�
ant. An asymptoti
 regres-sion was also 
ondu
ted (not reported). The inter
epts (asymptotes) for twoof three treatments are not signi�
antly di�erent from 1:1. For treatment #2the asymptote is signi�
antly di�erent from zero, but does not lie within thepredi
ted range. Only one slope term is signi�
ant, for treatment #3, showingthat the asymptote is being approa
hed from below. The only trend evident istrending away from the predi
tions of theory.Given the failure of the normality test on the residuals, and the fa
t thatthere were variations between the groups, a non-parametri
 
omparisons of thedistributions of trading ratios is reported in table 4. By this test, all threetreatments have di�erent distributions of the log trading ratio. The repli
ateswithin treatments #1 and #2 do not di�er signi�
antly. However, there is highvariation within treatment #3. A Kruskal-Walla
e rank sum test was used to12



Test βi − βj SE P Holm P#1 vs #2 0.551 0.161 0.0004 0.0012#1 vs #3 0.315 0.155 0.0218 0.0436#2 vs #3 -0.236 0.135 0.0415 0.0436Table 3: Pairwise 
omparison of log mean trading ratios. P values adjusted assuggested by Holm (1979).Test U df P Holm PAll repli
ates 54.59 14 0.0000 -#1 3.02 2 0.2206 0.2206#2 9.36 5 0.0956 0.1913#3 14.73 5 0.0116 0.0347#1 and #2 34.58 8 0.0000 0.0002#1 and #3 29.74 8 0.0002 0.0012#2 and #3 33.59 11 0.0004 0.0017Table 4: Kruskal-Walla
e rank sum test for di�eren
es between groups. P valuesadjusted as suggested by Holm (1979).pairwise 
ompare all the repli
ates in treatment #3. The variation within thistreatment is due to one repli
ate. This repli
ate had 4 subje
ts, total produ
tiv-ity information, and was the se
ond of two experiments 
ondu
ted during onesession. The mean trading ratio for this group was 0.336, 
onsiderably belowthe theoreti
al ratio of 0.5, but also 
onsiderably 
loser to 0.5 than the overallmean of 0.900. Another repli
ate was identi
al to this one in all respe
ts ex
eptfor group size, having six members. However, this repli
ate was not signi�
antlydi�erent from the any of the other repli
ates.From the trading ratio results alone, it does not appear that the system 
on-verges very qui
kly towards the pri
e predi
ted by theory. Another predi
tionof the basi
 theory is that agents will spe
ialize in produ
ing that good wherethey have a 
omparative advantage. If the Hayek hypothesis is 
orre
t, thenthe trading ratio generates opportunities whi
h make it pro�table for agentsto spe
ialize in that type of trade 
onsistent with the theoreti
al equilibrium.Sin
e the trading ratio was not 
onsistent with the theoreti
al equilibrium intreatments #2 and #3, these are likely to have less spe
ialization than treat-ment #1. To measure the degree of spe
ialization, a 'spe
ialization ratio' is
al
ulated, SR = (Si − SA
i )/(S∗

i − SA
i ). This is the ratio of the ex
ess overautarky produ
tion in that so
k for whi
h the agent has a 
omparative advan-tage, (Si−SA

i ), to the ex
ess that is 
onsistent with the theoreti
al equilibrium,
(S∗

i − SA
i ). If the subje
t 
hooses self-su�
ien
y (Si = SA

i ), then the ratioequals zero. If they 
hoose a produ
tion level 
onsistent with the theoreti
alequilibrium (Si = S∗

i ), then the ratio will equal one. For interior equilibria, the13



ratio 
an ex
eed one as the subje
t may spe
ialize too mu
h.Figure 3 plots the spe
ialization ratio for ea
h repli
ate and the mean spe-
ialization ratio for ea
h treatment. There is little di�eren
e in the trends fortreatments #1 and #3. Both show a slightly in
reasing trend during the earlyrounds followed by a relatively �at trend during the remainder of the experi-ment, generally below 0.5. Treatment #2 follows a di�erent path, remainingin the neighborhood of 0.0. Between period 3 and 8, this treatment's averagespe
ialization ratio remained above 0.0, but for the remainder of the experimentit os
illated around zero.Some individual subje
ts 
hose produ
tion levels 
onsistent with the theoret-i
al equilibrium, as eviden
ed by the presen
e of open symbols on the 1.0 line inFigure 3. However, the frequen
y of this behavior diminishes as the experimentpro
eeds. The tenden
y for subje
ts to 
hoose their autarky point, the 0.0 line,is also low. However, this is in part a 
onsequen
e of the fa
t that only one typeof subje
t in treatment #3 had the option to exa
tly 
hoose the autarky point.This restri
tion ensured that in all treatments there would be some inventoryavailable to trade, and therefore almost surely o�ers being made. There wereno rounds without o�ers. However, there were rounds in treatment #2 for somerepli
ates when subje
ts all spe
ialized in the same type of so
k and no tradeso

urred. For one repli
ate, all subje
ts spe
ialized in left so
ks during oneround, in right so
ks during the next round, and then again in left so
ks. Theinformation in the trading ratio was su�
ient to indu
e this swit
h, suggestingsubje
ts were taking it into a

ount in their de
isions. After this os
illation,di�eren
es in behavior appeared.Table 5 reports the results of a dummy variable regression (ANOVA) of thespe
ialization ratio on treatment type. The F tests indi
ate that equality of themeans and all means equal to zero 
an be strongly reje
ted. However, the meanfor treatment #2 is only just signi�
ant at the 5% level. Sin
e normality of theresiduals is also strongly reje
ted (Shapiro-Wilk, W = 0.9729, P = 3.44×10−9),the a

ura
y of this parti
ular inferen
e is un
lear. These results do suggestthat treatments #1 and #3 are not at their autarky points, while it is un
learwhether treatment #2 is. In table 6 the results of a pairwise 
omparison ofmean spe
ialization ratios is reported. These results re�e
t the results of theANOVA, treatments #1 and #3 are signi�
antly di�erent from treatment #2,while no signi�
ant di�eren
e 
an be dete
ted between them.Sin
e the residuals do not satisfy the normality assumption, the results ofa nonparametri
 
omparison are also reported (Table 7). Between treatmentsthe results are similar to those for the ANOVA, treatments #1 and #3 arestrongly di�erent from treatment #2, while the di�eren
e between them is lesspronoun
ed. However, using the Kruskal-Walla
e rank sum test, treatments#1 and #3 are signi�
antly di�erent. Within treatments, the repli
ates fortreatments #2 and #3 are not signi�
antly di�erent from ea
h other. However,for the repli
ates of treatment #1, there are signi�
ant di�eren
es between them.The di�eren
es within treatment #1 are due to one repli
ate being di�erentfrom the other two. This repli
ate in
luded six subje
ts while the other two
ontained four. Total produ
tivity information was not provided, and subje
ts14
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Figure 3: Spe
ialization ratio by round. Open symbols mark spe
ializationratios for individual subje
ts. Close symbols and solid lines mark treatmentaverages. 1.0 indi
ates spe
ialization that mat
hes theoreti
al predi
tion. 0.0indi
ates sele
tion of the autarky point.
SRi,t = β1D1,t + β2D2,t + β3D3,t + ǫi,tTreatment βi SE P#1 0.3698 0.0361 0.0000#2 0.0558 0.0283 0.0493#3 0.3039 0.0269 0.0000

R2 = 0.2801
H0 : β1 = β2 = β3 = 0 F3,607 = 78.73 P =< 2.0 × 10−16

H0 : β1 = β2 = β3 F2,607 = 30.15 P = 3.28 × 10−13Table 5: Dummy variable regression of spe
ialization ratio on treatment type.15



Test βi − βj SE P Holm P#1 vs #2 0.3139 0.0705 0.0000 0.0000#1 vs #3 0.0658 0.0692 0.1707 0.1707#2 vs #3 -0.2481 0.0600 0.0000 0.0000Table 6: Pairwise 
omparisons of mean spe
ialization ratios. P values adjustedas suggested by Holm (1979).Test U df P Holm PAll repli
ates 86.51 14 0.0000 -#1 21.81 2 0.0000 0.0001#2 12.31 5 0.0308 0.0615#3 3.05 5 0.6922 0.6922#1 and #2 81.53 8 0.0000 0.0000#1 and #3 21.48 8 0.0060 0.0179#2 and #3 47.79 11 0.0000 0.0000Table 7: Kruskal-Walla
e rank sum test for di�eren
es between treatments inspe
ialization ratios.were not experien
ed, either from a previous session or an earlier experiment inthis session. This larger group was less spe
ialized (SR = 0.28), than the othertwo groups (SR = 0.48). Having two extra members in the repli
ate does not,at least in this treatment, seem to 
ontribute to an in
rease in spe
ializationand trade.An impli
ation that follows from Ri
ardian trade theory is that in an e
on-omy with gains to trade, agents who spe
ialize and trade will not be worse o�than without trading, and some will be better o�. Table 8 reports results ofa regression of the relative number of pairs produ
ed against the spe
ializationratio. The relative number of pairs produ
ed is de�ned as RP = P/P ∗, where
P is the number of pairs produ
ed and P ∗ is the number of pairs that would beprodu
ed if the theoreti
al equilibrium o

urred. This regression is 
ondu
tedfor ea
h type of agent, as ea
h type has a potentially di�erent number of au-tarky pairs and pairs should spe
ialization o

ur. If in all periods all subje
tshad the same spe
ialization ratio, and as a group moved to di�erent spe
ializa-tion ratios, then the inter
ept of these regressions should be the relative numberof pairs in autarky, and the sum of the inter
ept and slope should equal one,the value that RPi,t should take on at the theoreti
al equilibrium. However,when subje
ts are not 
oordinated to this degree, then we would not expe
t theresults to hold this pre
isely.For the regression shown in Table 8, the Shapiro-Wilk test is again stronglyreje
ted, making inferen
es suspi
ious. The results suggest that the slopes arepositive for all treatments and subje
t types ex
ept treatment #2, type #1,16



RPi,t =
∑3

j=1

[

(βL
j + βL

j SRi,t)D
L
j,t + (βR

j + βR
j SRi,t)D

R
j,t

]

+ ǫi,tTreatment Type αj SE P βj SE P1 1 0.454 0.0362 0.0000 0.2214 0.0789 0.00522 0.532 0.0380 0.0000 0.2758 0.0781 0.00042 1 0.688 0.0194 0.0000 0.0544 0.0346 0.11612 0.667 0.0234 0.0000 0.1996 0.0603 0.00103 1 0.500 0.0220 0.0000 0.1531 0.0531 0.00412 0.845 0.0213 0.0000 0.0868 0.0320 0.0069Table 8: Regression of the relative pairs individual traders are able to produ
eon spe
ialization ratio for ea
h treatment and ea
h type of subje
t.whi
h is positive but not signi�
antly di�erent from zero. These results arein
onsistent with the trading ratio results presented above. In this 
ase, forthose treatments where the trading ratio fell outside the range of trading ratios
onsistent with the theoreti
al equilibrium, spe
ialization 
onsistent with theoryshould have lead to a redu
tion in the relative number of pairs produ
ed. Thisis not the result found. Rather, gains from spe
ialization are never negative.However, they are on average lower for treatments where the average tradingratio remained signi�
antly di�erent from that predi
ted by theory. An alter-native explanation is that the problem subje
ts are solving is a 
oordinationproblem. Individual repli
ates may be seeking to 
oordinate on an equilibriumwhere, given the prevailing trading ratio, ea
h is better o� than they would beby 
hanging their produ
tion bundle.To measure how 
oordinated the out
omes are for the di�erent repli
ates,a 
oordination e�
ien
y measure is de�ned. For this paper, 
oordination e�-
ien
y is de�ned as CE = 1−I/(P −I) where I = |L − R| is the inventory aftertrading, independent of so
k type, and P is the total number of pairs produ
ed.This number is 
al
ulated for ea
h round. The 
oordination e�
ien
y is equalto one if all produ
ed so
ks are assembled into pairs, and equals zero if no pairsare produ
ed. If the 
oordination e�
ien
y is improving, then this value willtrend upward with an in
rease in round number.Figure 4 plots the 
oordination e�
ien
y against round. Visually, there is no
lear di�eren
e between the groups. However, there does appear to be an upwardtrend as the round number in
reases. Table 9 reports the results of a Kruskal-Walla
e rank sum test 
omparing the distribution of 
oordination e�
ien
iesbetween the repli
ates. There is no signi�
ant di�eren
e in the distribution ofthe 
oordination e�
ien
y within any of the treatment groups. There may bea di�eren
e between treatments #1 and #2. However, the other two possiblepairwise 
omparisons do not show a signi�
ant di�eren
e.Table 10 reports the result of an asymptoti
 regression of the 
oordinatione�
ien
y for ea
h treatment. In this 
ase the residuals are not statisti
allydi�erent from normal (Shapiro-Wilk W = 0.983, P = 0.0917), providing greater
on�den
e in the 
al
ulated signi�
an
e levels. All three inter
epts are '
lose'to one, with the inter
ept for treatment #1 falling within two standard errors17



Test U df P Holm PAll repli
ates 31.57 14 0.0046 -#1 7.44 2 0.0243 0.1213#2 9.57 5 0.0883 0.1766#3 4.91 5 0.4266 0.4266#1 and #2 20.69 8 0.0080 0.0482#1 and #3 16.62 8 0.0343 0.1371#2 and #3 20.75 11 0.0361 0.1371Table 9: Kruskal-Walla
e rank-sum test 
omparing treatments on 
oordinatione�
ien
y.
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y by round for all treatments.18



CEi,t =
∑3

i=1
[αi + βi(1/t)]Di,t + ǫi,tTreatment αi SE P βi SE P1 0.9006 0.0702 0.0000 -0.8486 0.3901 0.03142 0.7812 0.0585 0.0000 -0.6414 0.3034 0.03643 0.8279 0.0448 0.0000 -0.4978 0.2581 0.0560Table 10: Coordination e�
ien
y against round for all groups.of one. The slope terms are all negative, and all are signi�
ant at slightly overthe 5% level. All three treatments are approa
hing their asymptoti
 value frombelow. This result suggests that for all groups the 
oordination e�
ien
y isin
reasing as the experiment pro
eeds.4 Dis
ussionThis experiment was designed to simulate a 
lassi
al Ri
ardian trading e
on-omy with limited information. There was no 
urren
y, no inventory, no sho
ksto produ
tion abilities, et
. Ea
h subje
t had a �xed produ
tion te
hnologyand intera
ted with a group of other produ
ers, some of whom had a di�erentprodu
tion te
hnology. Informationally, in most treatments subje
ts knew onlytheir own produ
tive te
hnology and the ratio at whi
h so
ks were being tradedbetween members in the group. A small subset of the experiments also reportedto the subje
ts the aggregate produ
tive abilities of the group. However, pro-du
tive abilities of ea
h group member, as well as their inventories, and theidentity of the sour
e of a trading o�er, was not publi
. If the equilibrium of
lassi
al theory was realized, it would have been strong support for the Hayekhypothesis in an e
onomy with produ
tion.Be
kmann and Werding [1994℄ des
ribed three postulates that they felt 
ap-ture the 
ore of the Hayek hypothesis. This experiment was designed to testtwo of these, spe
i�
ally:1. Competitive markets lead to allo
ations whi
h fully exhaust the availablegains from trade.2. Competition 
o-ordinates individual a
tivities in su
h a way that individ-uals de
ide as if they had a

ess to so
iety's entire sto
k of information,although ea
h of them possesses but a tiny fragment of it. ...As written, the results of this experiment do not 
on�rm these postulates inan e
onomy with produ
tion. The available gains from trade were not realized,if those gains are de�ned to in
lude the gains from spe
ialization. Further, sin
ethe �rst postulate was not supported, the se
ond postulate is also not supported.However, if exa
t 
onformity with these postulates is not required, but rathermovement in the right dire
tion, then these results may not so 
leanly reje
tthe Hayek hypothesis. 19



Produ
er Type A20,8 25,6Produ
er 8,20 14,14 14,12Type B 6,25 12,14 15.5,15.5Table 11: Normal form game. Payo�s in pairs, with strategies as produ
tionbundles of right and left so
ks.Most of the results of this experiment 
an be interpreted either as supportiveof or 
hallenging to the Hayek hypothesis. Two of three treatments did generatea trading ratio that is signi�
antly di�erent from the trading ratio predi
tedby theory. However, the ranking of the three trading ratios follows the samepattern as predi
ted by theory. This result 
an be interpreted as a 
hallenge tothe Hayek hypothesis if the trading ratios are 
onsidered, or an indi
ation thatmore time is required for the e
onomy to 
onverge if the ranking is 
onsidered.However, there is no 
lear support for a trend in the trading ratio.The level of spe
ialization was 
onsiderably lower than predi
ted by theory.It was highest for those treatments where the appropriate type of spe
ializationwas 'obvious' and lowest when this was not the 
ase. This 
an be interpretedas a refutation of the Hayek hypothesis, or simply a re�e
tion of the fa
t thatwithout pri
es rea
hing their theoreti
al values, the in
entives are not in pla
eto reward the spe
ialization 
onsistent with theory. This latter interpretationis borne out by the relationship between spe
ialization and the number of pairsprodu
ed. For those groups where spe
ialization was relatively high, the payo�to spe
ialization was too. However, for those groups that did not spe
ialize, thereturn to spe
ialization was lower. This result 
an be interpreted as supportiveof the Hayek hypothesis, in the sense that the in
entives generated by the pri
esystem are indu
ing spe
ialization in those environments where it in fa
t paysto spe
ialize.Although designed to test the Hayek hypothesis in an e
onomy with produ
-tion, this experiment may in fa
t have be
ome an experiment in 
oordination.Consider the normal form game shown in �gure 11. The payo�s are pairs, 
al
u-lated under the assumption that all possible pairs are assembled and the tradingratio is 1:1 for ea
h strategy. The strategies shown are two of the produ
tionbundles that subje
ts of type A and type B 
an 
hoose. There are two Nashequilibria for this subset of the strategy 
ombinations, 20,8 with 8,20, and 25,6with 6,25. The strategy 
ombination 25,6 with 6,25 is Pareto superior to the
ombination 20,8 with 8,20. However, if the system is at the 20,8 with 8,20 equi-librium, a unilateral defe
tion by either type of produ
er will leave that type ofprodu
er worse o�. Consequently, without a me
hanism of 
oordination, it isun
lear whi
h Nash equilibrium will be 
hosen.van Huy
k et al. [1990℄ explored a 
oordination problem where subje
ts ina group were paid in a

ordan
e with the minimum 
ontributed by any groupmember. Even though the game was 
ommon knowledge, subje
ts were gener-ally unable to 
oordinate on the Pareto optimal equilibrium, but rather fo
used20



on the maximin out
ome. While the game was 
ommon knowledge, subje
tshad no 
ommuni
ation. In this experiment the environmental details were not
ommon knowledge, but the pri
e 
ould potentially provide information aboutother subje
t's 
hoi
es and inventories. It did not appear to do so very e�e
-tively. Cooper et al. [1990℄ also found that 
oordination on the Pareto dominantequilibrium is not guaranteed, and that o�-equilibrium payo�s are important.For the groups with a single theoreti
al equilibrium trading ratio, the Paretodominant Nash equilibrium is not Pareto superior for one type of player. Thus,it is not surprising that spe
ialization in these groups is less. What is surprisingis how mu
h spe
ialization a
tually o

urred in treatment #3, in spite of thefa
t that the average trading ratio was not 
onsistent with theory.Initial implementations of the experiment in a 
lassroom setting suggestedthat the use of a trading ratio may have been 
onfusing. Most people in de-veloped e
onomies 
ommonly deal in 
urren
y. Bargaining over a trading ratiois far less familiar. Without a visual representation of the amount being givenup in ex
hange for a parti
ular amount to be re
eived, the idea of a 'higher'ratio might be di�
ult for subje
ts to understand. The instru
tions and self-test were 
arefully written to edu
ate the subje
ts in this trading method, butsome subje
ts 
ontinued to indi
ate 
onfusion. Giving subje
ts the opportu-nity to parti
ipate in a se
ond experiment, either in the same session or in ase
ond session, was expe
ted to improve performan
e. However, this was alsoinsu�
ient to produ
e a dete
table di�eren
e in behavior.An experimental 
urren
y was not implemented for two reasons. First, thedesign was intended to be 
onsistent with a 
lassi
al Ri
ardian e
onomy, whi
hdoes not require a 
urren
y. Se
ond, if subje
ts are making 
urren
y based o�ers,two markets must be run, one for ea
h type of so
k. This would 
ompli
ate theprogramming task, and likely add a further 
ognitive burden as the in
entivesto spe
ialize would �ow from the relationship between the pri
es in the twomarkets, not from a single terms of trade. However, a logi
al extension of thiswork is the implementation of a 
urren
y based system. An initial version ofthis experiment was implemented using a 
urren
y. The results were generally
onsistent with those found here, spe
ialization was far less than that predi
tedby 
lassi
al theory.The experiment may also have been 'too mu
h fun'. Subje
ts felt that thisexperiment was very enjoyable, and indi
ated an eagerness to parti
ipate again.Thus, rather than a serious e�ort to earn money, the experiment may havebeen more of a re
reational a
tivity. Subje
ts may have been produ
ing a smallamount of inventory to 'gamble' with, produ
tion whi
h they were not relying onfor earnings. Any pairs produ
ed by trading was 'gravy' on the earnings realizedduring the produ
tion phase. The fa
t that spe
ialization de
lined in thosegroups unable to �nd a mutually bene�
ial pri
e, and the fa
t that earningsand spe
ialization were 
orrelated, suggests that the monetary in
entive wasat least partially e�e
tive. If dominan
e of the monetary in
entive was nota
hieved, then a 
lear extension is 
ondu
ting the experiment again with ahigher payment. 21



Another fa
tor may be the gain from spe
ialization, whi
h di�ered 
onsid-erably between groups. In treatment #2, subje
ts 
ould earn at least 80% oftheir potential earnings at the autarky point, while for treatments #1 and #3,at least one type of agent 
ould not earn mu
h over 50% of their potential earn-ings at autarky. Using a payment 
al
ulation method like that of Isaa
 et al.[1990℄ would equalize the di�eren
e between autarky returns and returns fromspe
ialization. However, it 
annot be implemented for agents who are indi�er-ent between autarky and spe
ialization, su
h as in treatment #3. The pre
iseimplementation would also need to deal with a potential for bankrupt
ies.Beyond higher payments and the use of a 
urren
y, several other extensionsof this experiment suggest themselves. First, 
omplete information. This exper-iment developed in the spirit of Smith's [1982a℄ work on the Hayek hypothesis,extending the 
on
ept from an e
onomy with only trading opportunities to onewith produ
tion and trading. Thus, information was kept to a minimum. Fromthis base, elements of information 
an be progressively added � individual pro-du
tion te
hnologies, aggregate inventory, individual inventories, et
. � to seetheir impa
t on the resulting equilibrium. Alternatively, a set of full informationexperiments 
ould be 
ondu
ted, followed by a set with intermediate levels ofinformation. Both approa
hes seek to dis
over whi
h pie
es of information aremost 
riti
al in moving a Ri
ardian produ
tion e
onomy to e�
ien
y.The use of so
ks as the experimental good was 
hosen to enfor
e the fa
tthat only pairs have value. However, this may also have 
reated a fo
al pointat a trading ratio of 1:1. Perhaps subje
ts somehow saw left and right so
ks asequal, and therefore should be traded one for one. The fa
t that trading ratioswere apparently moving in the dire
tion predi
ted by theory 
ould therefore beinterpreted as strong support for the Hayek hypothesis, as it was over
oming theattra
tion of the 1:1 fo
al point. A more generi
 set of 
ommodities, '
ommodityone and 
ommodity two', 
ould redu
e this fo
al point e�e
t. The Leontief payo�fun
tion that follows from the use of so
ks itself in
reases the risk asso
iated withnot being able to trade. Un-traded inventory has no value. Using an indi�eren
e
urve that results in a payo� for unbalan
ed inventories might over
ome this.However, su
h a payo� fun
tion adds a level of 
omplexity to an already 
omplexenvironment.Moving beyond Hayek, the impa
t of 
ommuni
ation on the ability to 
oor-dinate in a produ
tion e
onomy 
ould be investigated. How mu
h and what typeof 
ommuni
ation is required? Unlike a prisoner's dilemma, there is no gain re-lated to defe
ting from an agreed produ
tion level. The value of a 
ommitmentme
hanism lies in its redu
tion of the un
ertainty surrounding trading oppor-tunities. Thus, a very limited set of messages - planned produ
tion - may besu�
ient to produ
e a greater likelihood of 
oordinating on the Pareto-optimalsolution.The 
oordination problem and its relationship to risk aversion 
an be ex-plored through a 
ouple of further modi�
ations of this experiment. One ap-proa
h is to in
rease the number of bundles from whi
h the subje
ts 
an 
hoose.This would allow the subje
ts to take smaller 
han
es, in terms of spe
ialization.Subje
ts may thereby be more willing to take a small spe
ialization risk. If all do22



so, then the system is more likely to move towards the theoreti
al equilibrium.Another approa
h is to allow inventory 
arryover between rounds. With inven-tory 
arryover, subje
ts would be able to re
over from a spe
ialization 'mistake'through later produ
tion de
isions. Those who spe
ialize early 
ould also waitfor others to '
at
h up' in terms of their willingness to spe
ialize. Finally, a'safety net' 
ould be introdu
ed. If types of traders are 
on
eived of as produ
-ers in a 
ountry, as in the experiment by Bergstrom and Miller [1999℄, then a
ountry based pooling of earnings may indu
e a greater degree of spe
ialization.The in
entive to free ride on the earnings of others would work in the oppositedire
tion to the in
entive to play it safe with ones own produ
tion.In this experiment, subje
ts were unable to 
oordinate on the Pareto optimalequilibria. The stru
ture of the experiment 
reated a set of sub-optimal Nashequilibria, and subje
ts appeared to 
oordinate on these. One important impli-
ation of this result is that removing barriers to trade is in itself not a guaranteethat potential gains from trade will be realized. It is likely that in an e
onomywith many traders, 
ommuni
ation, the ability to form binding 
ontra
ts, andrepetition, the tenden
y to exploit the gains from trade will be high. As out-lined above, extensions of this experiment in these dire
tions would highlightwhi
h features are most important. However, in situations where markets arethin, 
ommuni
ation is absent, and 
ommitment is not possible, the 
oordina-tion problem might be more serious. The 
areer 
hoi
e de
ision, parti
ularlythose 
areers requiring substantial investment in edu
ation, may have these
hara
teristi
s. Markets, parti
ularly geographi
ally, may be thin. Further,
ommuni
ation and 
ommitment with future traders is di�
ult or impossible.As dis
ussed above, in these situations so
ial safety nets may in fa
t en
ouragee
onomi
 e�
ien
y. When and/or where the welfare state is strong, studentsmay be more in
lined to pursue studies that interest them, in 
ontrast to so
i-eties with weak welfare states. In this latter 
ase, one would expe
t studentsto be far more in
lined to pursue an edu
ation that has a high probability ofleading to a paid employment. An e
onometri
 analysis of the strength of thewelfare state and the program 
hoi
es being made by students would providean interesting expansion of the results of this experiment. A related, and likelymore di�
ult, analysis would be an estimation of the e�
ien
y with whi
h theedu
ational resour
es are being used.5 Con
lusionIn this paper the results of an experimental implementation of a Ri
ardian e
on-omy with limited information was used to assess the Hayek hypothesis. Rapid
onvergen
e to the equilibrium predi
ted by theory was not observed, and inmany 
ases the system was not even moving towards the theoreti
al equilibrium.However, it is un
lear whether this is a failure of the Hayek hypothesis or indi
a-tion that in an e
onomy with produ
tion pri
e signals simply a
t somewhat moreslowly. When produ
tion is present, a 
oordination problem is 
reated that doesnot exist in an experimental market without produ
tion. Consequently, Hayek's23



hypothesis may stand un-assailed, but with groups being unable to 
oordinateon the theoreti
al equilibrium of the Ri
ardian e
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h 1990.A Instru
tionsPlease read these instru
tions 
arefully. These instru
tions will also be read toyou before the experiment begins. You will have an opportunity to ask questionsafter the instru
tions have been read. Please do not ask any questions until youare prompted to do so.You are about to parti
ipate in an experiment studying de
ision making.In this experiment you will be assembling pairs of virtual so
ks. You assembleso
ks by 
hoosing bundles with di�erent numbers of left and right so
ks and/orby trading so
ks you have for so
ks you need. You will be trading in a groupof four people, to whi
h you will be randomly assigned when the experimentbegins. You will be paid for ea
h pair you produ
e. The amount you will bepaid for ea
h pair will be reported to you as the experiment begins. You willbe paid in 
ash at the 
on
lusion of the experiment.Software RequirementsThis experiment runs through your web browser, using an applet written inJava. If you have registered for this experiment, then you must have alreadyinstalled the Java Runtime Environment on your 
omputer.You should be viewing these instru
tions through a window that was gen-erated by the experiment applet. You should not be viewing these instru
tionsin a web browser su
h as Nets
ape. If these instru
tions are not visible to you,
onta
t one of the fa
ilitators NOW!.The various 
omponents of the interfa
e before you are managed by the JavaVirtual Ma
hine. If the 
ontents of any 
omponent 
hange, the interfa
e may beredrawn, and some 
omponents will shrink or vanish. If this o

urs, maximizingthe interfa
e should restore all 
omponents. To avoid these problems, you shouldmaximize your display at the start of the experiment.Your parti
ipation in this experiment depends on your 
omputer remaining
onne
ted to the server 
omputer. If your 
omputer 
rashes, or if network tra�
25



is interrupted between your 
omputer and the server, then you will be unable toresume parti
ipation in the experiment. You will only be paid for those roundsduring whi
h you remain 
onne
ted. To minimize the risk of your 
onne
tiongoing down, you should not use any other appli
ations while the experimentis in progress. This is parti
ularly true for other appli
ations whi
h use thenetwork, su
h as web browsing, �le downloading, or 
hatting.If the system goes down, either due to a network or software failure, theexperiment will be terminated. You will be paid in a

ord with the time duringwhi
h the system fun
tioned su

essfully, and invited to parti
ipate in a futureimplementation of this experiment.Spe
i�
 Instru
tionsEa
h round of this experiment is divided into two parts. In the �rst partof ea
h round, you must 
hoose a bundle 
ontaining a parti
ular number of leftand right so
ks. Almost all bundles will have unequal numbers of the two typesof so
ks. Your 
hoi
e will leave you with a 
ertain number of pairs and aninventory with either left or right so
ks. You will have thirty se
onds to makeyour 
hoi
e.In the se
ond part of the round you 
an trade the so
ks in your inventoryfor 
omplementary so
ks. To soli
it trades, you post o�ers that are visible toother members of your group. An o�er 
onsists of a trading ratio you are willingto a

ept, e.g. 5 left so
ks for 3 right so
ks, and a maximum number of so
ksyou will part with at this ratio. You 
an only post an o�er if the ratio beingo�ered is higher than that being o�ered by anyone else. Your o�er will result ina trade if your ratio is equal to or higher than the ratio being o�ered by someonewith the so
ks you are seeking. You will have 3.5 minutes to trade so
ks. Thenext round will begin as soon as the trading period is over. At this point anyremaining so
ks in your inventory will disappear, and you will on
e again haveto 
hoose a bundle of left and right so
ks.For example, suppose that you have left so
ks to trade and someone elsewith left so
ks is o�ering to provide 1 left so
k in ex
hange for 2 right so
ks.An o�er of 2 left so
ks in ex
hange for 5 right so
ks would not be a

epted,while an o�er of 2 left so
ks for 3 right so
ks would be. The 
omputer will notallow you to submit o�ers that are too low Now, suppose that someone withright so
ks is o�ering to provide 3 right so
ks in ex
hange for 7 left so
ks. Ifyou o�er to provide 3 left so
ks in ex
hange for 4 right so
ks, then a trade willnot o

ur. However, if you o�er to provide 5 left so
ks in ex
hange for 2 rightso
ks, then a trade will o

ur. The 
omputer will indi
ate when a ratio is highenough for a trade to o

ur. The number of so
ks traded will be the lesser ofthe maximum indi
ated by ea
h party to a trade.As soon as a trade does o

ur, all o�ers are 
leared and the pro
ess beginsagain. You 
an make as many trades as your inventory will allow before theround expires. You will only ever have one type of so
k as inventory to tradewith. If you a
quire so
ks of the opposite type to those in your inventory, the
omputer will immediately 
al
ulate the number of pairs you 
an produ
e, and26



adjust your inventory a

ordingly.ExampleThe following images illustrate the a
tions you 
an take in this experiment.The interfa
e has three parts, a 
ountdown timer at the top, a trading panelin the 
enter, and a produ
tion 
ontrol panel at the bottom. The trading andprodu
tion 
ontrol panels will be dark grey and ina
tive until the experimentbegins. While the experiment is running, only one of these two panels will bea
tive at any time; the produ
tion 
ontrol panel during the �rst part of ea
hround, and the trading panel during the se
ond part.During the �rst part of ea
h round you 
hoose a bundle of left and rightso
ks. This is your 'produ
tion'. You 
hoose a bundle by moving the sliderin the produ
tion 
ontrol panel. Moving the slider towards the left in
reasesthe number of left so
ks in your bundle and redu
es the number of right so
ks.Sliding it to the right has the opposite e�e
t. The numbers in the Maximum
olumn show the maximum number of ea
h type of so
k for the bundles availableto you. Ea
h ti
k mark on the slider represents one of the bundles you 
an
hoose. The Produ
tion 
olumn shows the number of so
ks of ea
h type inthe bundle that 
orresponds to the slider position. The Inventory 
olumnshows the number of so
ks that will be left in inventory if this bundle is 
hosen.You 
an only have positive inventory in one type of so
k.
The image shows the produ
tion panel during the �rst phase of the round.The History pane on the right shows the 
omposition of the sele
ted bundlein ea
h of the previous rounds, as well as the total number of pairs assembled.This total in
ludes any pairs that are assembled as a result of trading. TheAssembled Pairs box shows the number of pairs assembled during this round.It is updated as you slide the produ
tion slider, and whenever a trade o

urs.The Pair Value box shows the number of dollars you will be paid for ea
h pairof so
ks you assemble. In this 
ase, if the slider is moved 
ompletely to theleft, the bundle will 
ontain 32 left so
ks and no right so
ks. No pairs will beassembled and the inventory at the end of the produ
tion phase will 
ontain 32left so
ks. If the slider is moved all the way to the right, then 16 right so
ks willbe produ
ed and no left so
ks. At the end of the produ
tion phase, no pairs willbe produ
ed, and there will be an inventory of 16 right so
ks. At the 
urrentposition, 16 left so
ks and 8 right so
ks are produ
ed. This generates 8 pairs of27



so
ks, leaving an inventory with 8 left so
ks. If this person is unable to assembleany more pairs, then they will earn $0.80 for this round.
For some groups, the total produ
tivities for the group are also shown. Thesevalues will be shown in an extra 
olumn, as shown in the image above. For thisexample, if the members of the group all 
hose to produ
e left so
ks, then 48left so
ks would be produ
ed and no right so
ks. Likewise, if all the members ofthe group 
hose to produ
e right so
ks, 48 right so
ks would be produ
ed andno left so
ks.After the produ
tion phase is 
ompleted, the produ
tion panel will turn darkgrey and be
ome ina
tive. However, the inventory and assembled pair entrieswill be updated if trades are made. The trading panel will turn light grey andbe
ome a
tive. There are two 
ontrollers in the trading panel, the o�er ratioslider and the quantity slider. The o�er ratio slider 
ontrols the trading ratiothat you will a

ept. The quantity slider 
ontrols the maximum number of so
ksyou will give up at this trading ratio. This panel also indi
ates what type ofso
k you are looking for. In this 
ase, this person is looking for right so
ks.Therefore, this person must have left so
ks in their inventory. The upper leftpanel shows the ratio being o�ered by others who are seeking right so
ks, whilethe upper right panel shows the ratio being o�ered by those seeking left so
ks.The �eld in the 
enter reports the trades whi
h have o

urred.

In the example image, the o�er slider position represents an o�er to giveup 2 left so
ks if 5 right so
ks are re
eived. This o�er ratio is the same as theo�er being made by someone else with right so
ks. Sin
e this person's o�er is28



not higher than the o�er reported in the top right, the 'submit o�er' button isina
tive. The ina
tive slider in the top left of the panel shows the position ofthe slider that 
orresponds to this trading ratio. For this person's o�er to behigher the slider must be further to right than the position shown in the topleft. Note that an o�er is higher if you are willing to give up more of the so
ksyou have for ea
h 
omplementary so
k you get. In the example shown, an o�erof 3 left so
ks for 5 right so
ks would be a higher o�er, and would be a

epted.

This example represents a person with a right so
k inventory. They areseeking left so
ks. In the top right of the panel is shown the lowest trading ratiothat anyone with left so
ks is willing to a

ept. In this 
ase, this person wouldhave to give up 5 right so
ks to get 2 left so
ks. The slider in the top right of thepanel shows how far over the o�er ratio slider must move for a trade to o

ur.The o�er ratio slider 
urrently represents an o�er ratio that is higher than thehighest o�er being made by anyone else with right so
ks, 3 right so
ks providedin ex
hange for 5 left so
ks. As soon as the quantity slider is moved to a positionabove zero, the 'Submit O�er' button will be
ome a
tive, allowing the o�er tobe submitted. Note that every time an o�er 
hanges, either for the so
k youare seeking or for the so
k you have, part of the display will �ash. When theo�er for the so
k you have 
hanges, the top left 
orner will �ash, while whenthe o�er for the so
k you are seeking 
hanges, the top right 
orner will �ash.
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In this example, the o�er ratio slider has been moved far enough to the rightfor an o�er to o

ur. The Ratio = box turns yellow if the ratio will result in atrade. With the quantity slider indi
ating that up to 8 so
ks will be traded, the'Submit O�er' button is a
tive. Comparing the o�er ratio slider on the lowerleft to the slider in the upper right of the panel, the o�er ratio slider is furtherto the right. The ratio being o�ered is therefore higher than it needs to be fora trade to o

ur. This person is o�ering to give up 4 right so
ks in ex
hangefor one left so
k. Someone with left so
ks is asking for 5 right so
ks in ex
hangefor 2 left so
ks, a lower o�er. If the submit button is pressed, a trade will takepla
e at the 4:1 ratio.
The top of the display shows the time remaining, and the phase that is
urrently underway. The box on the left shows the total length of the phase,while the box on the right shows the time remaining. The bar 
ounts down asthe time remaining falls.If you have any questions, as the fa
ilitators now.
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