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                         Abstract

I collected iii:-c]as$ experkne.!ital data of 160 subjects wl}o pla{}red Coiirnot

cluopoly gatne on May 10, 2001. In thls paper, I use these data iso rvei a

romid-robin toumatnent ef Cournot duopo]y garrie. What type ef strat-

eg:. or strategies can win in the round-robin tournament in the sense of

gettiRg ma)cimuni payoffS? 'Ib the best of my knowledge, no this type of

experiment .hos been run foy over 1OO subjec:$. I can. easily run tl)e vii:tt]aj

round-robin. toiJrnamen.t of l,60 subjects usjng MS Excel's Macro. I find

that the best strat,egy is the repetition of the Cottrnot-Nash equilibyiiun

(lixantity ef oxie sliot Courr.tot dnopoly gawt]e.
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An ExperimGnt of Round-Robin

                       ExcePs Macro

   -- U$ing 160 Students' Data £rom Cournot

Tournament by

Duopoly Game -

                        Abstract

I co}lected in-class ercperiniental data of 160 subjects wlio played Cournot

duopoly game oii May !O, 2001. In this paper, I use these data to run a

roRnd-robin tonrnament of Cournot duope]y game. What type of strat-

egy or strateg}es ca,R win iu, the round-robin tournEwnent in. tb.e sense of

getting maximum payoffS? Tb tbe best of my knowledge, no this type o£

experiment has been run ft}r over lee subjec+v"s. I can easily r'un i}ie virtual

round-rebin tour!}ament ef 160 subjects ttsing MS Excel's Macro. I fincl

t}}a# the best stra,tegy is the repet,ition of the Courn.ot-Na$h equilibrimn

quantity of one shot Cournot duopoly g:m}e.

Keywords: Cournot <lnopoty,

E.x,cel'$ Macro

iBr-cla$s experill!ellt , reunckrobin tourn&inent,
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1 Introduction

}Flc)r several yeai's I b,ave been teaching unde.tgi'a,dua,te cl.asses of j.r)dus{,t'ta,I o!'gt).-

nization, I felt that studeiNts were dii!icult to learu the interdependence bei;ween

oligopoiy firiiis within liinited class tiiyie.

   I fin(l in, the Journa], tibal; ttl;ilizi:ng in-cl,ass experirne.nts such i)s Conrnoi;

duopoiy game can stimiilate interesg among m.any. st'tident;s. Such exper.hnent;s

were conducted by rlemenwabt, Moore and Whitne.vl5], llolti6], Ho}t and Capra[7]

and others.i

   Rece.nt]]y., in t,b.is Joui'na], Bodolll used t;he co{nputer softwa,re, A,I.A]I'ILiE-

Mr"k[[ilCA, t]o prograt]} ai}d run the round-robin tournarnent for the It;eyative

Prisoner'$ Dilemma game using 19 strategies (including 18 students' strategies

an(l one raodom st;i'ategy). He confu:rris tha,t {the Tit:--for--[[ts),t st,.rat;egy is i;he

best payoff maximizing in the Iterated Prisoner's Dileimna game in kis in-class

experiment.

   I used iri--ciass experiment of Couriiot duopoly ga･nre so that students could

or r.night; have fee]:tngs of int;erciepend.ence of duopo}y.. I conduct;ed an in-class

experiment of Cournot duopoly on Ma>r le, 2001.2

   I collecteci (la･ta of 160 subjects who played Coumot duopoly game. 'Iihere

  i"Games Economis#s P]ay: Non-Computerized Classroorn-Games for Coilege Econornics"

by Greg Delemeester amd Jurgen Brauer [URL: http:!/vvwwlinariettaledul delemeeglgamesll

shows 123 ciassroom experiments. However, the case Sitvolving more t' hai! l60 sttbjectts is not

reporeed jn it'. See, also, Rubin,ske.inl.91.

  f-'･"I'he experSment was doiie in my undergraduate clas$ oflndustrial OrganizaLioii at Otaru

'Vniversity of Coillmerce.
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"rere some studeltts xKrho couid not understand t･he instructioBs no matter how

ciearl.y the instructions were writteri on or how carefully l expla･ined the in-

si;ructtiioJ:ts {･o t;1]etn. Aftier pairwise t;ouri/ia,tnen.t, I ha,d one idea; wha,t type of

strutegy or strategies are the payoff maximizing iH could conduct a roundrrobin

tournarnent using students' strategies? IfI collduct the round-robin tournament,

I {;,hit]k these ('llsturbances yviil be disal)peared ot]. a,vera,ge. Se I t/rieci t;he /tou.ocl-

robin tournament; us.lng 160 st･udents' strategies. Their strategies have much

variety of stra･tegies.

   Reniembering tha･t the Tit-for--[Il}t sgrategy is the best one in the Iterate(1

Prisoner's Dilemma game, I guess that repetitions of Cournot outcome (Cournot

equilibTium quangity) wou}d be the best or effective stTategy for the round-robin

toumannentofCoumotduopolygamebec.ausetherearesomanytypesofstrate-

gies,i[]d{x)(l, Il60 s{ira,t;egies in xny, experi.tnet].t. [Ik) co,nlilr,m /tny est;.{maL/lon, I used

the computer soft;ware, .Excel's Ma£ro, to prograin and run the tournament.3

   In this pa･per, l use these data to riin Coumot duopoly game of a}l possi-

ble pai!'s inclii{2ing .he.rself. c}i; laltmsel.f oti the compu.ter. This is a i'ound-robin

tournament. What type of sijrateg.v oir strateg'ies can win /in i;he round-robin

touruaii}ent ill the sense o£ getting manimium payoffs7

   [Ib the best of irry knowiedge, no this t.ype of experimene has been run for

over ].eO subjects. I caii easily .trun tihe virt:ual roun<l-rol).in experitnenC: of l.60

subjeca,s using MS Excel's paIacro. I. gnct t]･hae the best strategy i$ the repetiition

of the Couriiot-Nash outcome (C･ournot-Nash equilibrium qua-ntity) of one shot

  31t uiakes tlie $imulation of the rolind-･robin tourisa:tnent relat:Svely simple aiid very fast.
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Coumot duopoly game.

   'I[:he reina.inder of the paper ls orgaillizer.l as fo11ows. In Section 2 I present a,

Couruoi; duopo]y, nio(lel a･n(i i{;s propei;t;.v. Secti.on 3 prErsent$ tke proced,ure in

the in-class experiment. Section 4 presents a summatry ofresults in the in-class

experirxxent. In Section 5 I s.how the Excel's procedure to exert a, round robin

tour.naEnen{; il.sin.g t]he ii}rclcass experin].et]tal data. In sect;ion 6 the /vestil{;s of

round-robin exper.imen,t･ are summEurized. Section 7 presents some remarks oi}

my results and other remaining probleins, All rela･ted ma･terials are gathered in

                                                               '
Appendices.

2 CoumotModelandNotation

I co.nsider [:wo firi.T[)s tl'}at; prc}duce horneg,entx}us good, or per.ft)ct subst;it;ui;es.

The quantity produced 1ry firm 1 is denoted by Qi and Q2 is the quantity

produced by firm 2.

   Let cost functions. of both firnis be Ci({?i) = (?i an(l C2((?2) := Q2, respec-

tively. [I]he mat:ket dern,and funct;-ion ls glven by, (2 = 37-p, wheire (? denotes t;he

market demand for the g･ ood and p its price. Thns the mairl(et;-clearing price,p,

is gtveri by

                         p=: 37-(Qi -i-- `?21 (1)

T})is relation shows the lnverse demand function, nEunely, (lemand curve.
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   'I'l'-･en l can calculate profits (7rt and T2) accrued by both firms as fo11ews:

                 rri((?i,Q2) == {36-(Qi+(?2)}ei (2)

                 r2(Qi,Q2)={36-(Qi+(?2)}Q2 (3)

The payoff matrices in the appendix A are produced by this rule.4

   'IIihe reacti,on ftit)ct/ions g).r t}rte l)o{Jh firrr}s a･re

                    qi =- ri(q2) =(36-Q2)/2 (4)

                    C?2 iii r2(Qi) =: (36-(?i)/2 (5)

Then, the Ceurnot-Nash equilibrlum quantity is the pairs ef (C?i,(?L)), namely,

                             Qi == 12 (6)

                             Q2 == i2 (7)

I also get the Coumot-Nash equilibrium profu pairs6 of (Ti(12,12),rr2(12,12)):

                         xi(12,12) =- 144 (8)

                         7r2(3.2, 12) =: 144 (9)

One can easily see that the coiiusive outcome makes good perfbrmance of profit

pairs (162,162) but this case is proliibited by present game rule.6 The coliusive

ou{4come provi(les {nore profit palrs gha,n the Coin:not;-Nash e{}uilibriurn pali's

of profit (144,lt44). However, one can also find that you can {lo more good

  "Only par't of these figures is iisted in the qun,ntities from 7 to 1.9.

  5See aJ.)y staudai'd industrjsA Organizatj,mi text, ga,me theoTy. text or Uzawa･l.l]]:.

  6Some pairs seem to be makiiig collusive behEvvior. However, t'hese are irrelevantt to tn,v,

experlment eti rouRid-,vo'bin tournavnent.
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performance (182) producing l3 or 14 than making commitment to prodiice 9

if your partner or opporierit commits to prQduce 9. 'III'his ga.me is a type of the

Pri,soneir's D.ilemtna,.7

3 On procedures in clas$ room experiment

First I distribute twe copies o£ ptryoff tubles amd the foTm listed in Appen(lix

A. Next, I explain the purpose and conteRt of the experiment and iet students

read them. I persua(le stlldeiits to keep the followiMg rule, in pat'ticulai:

   Don't; t･a]k o3r nego{:ia,te with eaeh otJhei:.

   I will give .vou iJ･he extra credit points according te your performance.8

   St:ndents a.re paired wit;h he.v oir h,is neighbors kn the seat;- a,nd one stud.eo.t

pla"rs as the role oUirni i and the other stud.ent plabrs as the role of firm 2. Iior

checking the pairs, studeiit writes lower 3 digit number of partner or opponent

student's Il) in addition of her or his own ID number. Students do not lmow

the i'stim.ber of gaxn.es they plEt{y in a,dvance.9

   In tlie first peeriod, stu(,lent writes a i}uinber in her or his $heet and let the

n'urn,ber i;o {<noiv her or h/is opponen{; by ixiy signal. Sbe o.v he writes oppo/ne,ut;'s

  7See Poundst･one[8] for Prisoner's Dilemrna and Ho}t and Capra[71 for treatment with it in

experin)el}gai econolnic$.

  8 rhe real reward is to add the credit points of 1% of accumula:ted payoflis in the 6 periods.

  9A･lar}y student,,s expected garne wou}d be stopped after 6 periods because there are onl.y

six cells in the sheet (see Appendix A).
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number in the appropriate place. Payoffa are checked and wrote in the payofll3

cell.iC TIie firs# period ends.

   T}ie second period starts a-nd proceeds in the same wa{y. I condttcted six pe-

rieds without letting' them know the iast period. Then, I coliected the (possible)

p;xire{i $hee{:s.

4 Suminary oftwo-players' Ceurnot Game

I id.entifie(l the eigl].ty i;hrcK) pa/li;s' skteets ,fo,r 166 stttdent;s }ry cheeking t;.l)e lower 3

digits coding. I exeliide t･wo pairs' sheets for 4 stu(lents in t]he fol.lowing analysis

because there aye many inconsistencies witl} numbers in the paired sheets. And

I exc!ude one moTe pair's data for 2 students because they used different payoff

t;able to make her er his dec/ision.ii

   Finally I collected da.ta of eiglity paii's for 16e stndents an{il basic results are

Ei$ /&)IIows.12

            'l"able 1: Zrwo pia,vers' performance in paired case

Average period's payoffsi

Standard deyiation of payoifs

132.4

38.6

 10In fact, there are more than ten cases in which they did mistalras ef coumtimg payvffs.

Cl'hese cases ame cor,vected by MS .Excel.

 iiOne subje(tt wrote it at the ma-rgin of the sheet,

 i"` Average is 7.94 and its standard deviation is l.10 fbr extra point$.
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lral)le 2: Average aiid standard deviation in quautity(Q) and payofu(T)

period1 per.iod2 Peried3 I)eriod4 perioc]5
-per.iod6

Quantity Average 12.9 13 13.7 ltl.1 14.1 '14.4

S.D,* 2.7 2.6 ･2.7 3.1 3 3.1

Profit Axrei'a.ffe 139.1 139.7 137.3 i25.,) 126.9 121.3

S.D.* 33.8 32.8 30.8 37.6 43,tl. ti6.8

* S.D. means Standard l]}exriation.

   ]]k;oni Table 2, l make thbles 3 and 4 fbr easy comparison between collus,lon

outcome aiid the Cournot equilibrillm. As expected, studenks chose best re-

sponse quantity(14) to the coliusive outcome (9) witli high probability instead

Qf cho{i}sing i;l)e col]usive oi.it;cotne (9) or Coui't]oti eq{tilibriuix! (12) as {;be period

proceeds tio expected end period (See the Table 3 or Fi.crure 1). Table 4 and

Figure 2 show the comparison between profits of collusive outcome, Courriot

e{ltu,il}.brium. at}d c}assj:ooJ[n experlrti,eni;a3 oui;come. Ydu can firi{i i;hat; t;be.re /tEF

!naii,.$ near the Co!irnot; equilibrium 'tmt:il period 3, but that they dive]rge from

colluslve outcome and Cournot equilibrium atiter period 4.j3

 i3It caJi be seen from these (lata tha,t subjects ¢ho$e the best response iri. gua,ntity beeaus.e

she ni.ight thinl< this was the only last period of game. The quantity chosen i$ more than

collusive ontcoine (9) a!id Cournot equilibrium (l2>.
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1}]leLb}e 3: Quantities(Q) in collusive outcome, Cournot equilibrium and experi-

ment

cd"seS pGyio{El1 period2 period3 period4
p
e
r
i
o
d
t
o
l

period6

Collusiveoutco}'ne 9 9 9 9 9 9

Cour]iotequilibrium 12 ].2 12 ].2 12 12

Experiment,Average 1.2･.9 l3.e 13.7 i4.1 14.l 14.4

S.D.* 2.7 2.6 2･.7 3.j. 3 3.1

* S.D. rr}eans Standa,rd Devjation..
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[lkible 4

dati),

: Payefu of collvtsioR outcome, Cournot equMbrium and experimental

ccrtses periodl penoJ2 peried3 period4 peiiod5 period6

Co]lusiveprofit 162 162 i62 162 i62 162

Coul'Betprofit 144 lt14 144 144 lt14 14tl

Exper]ment Average 139l 139.7 137.3 1255 !26.9 i213

sr).* b)3.8 3Z8 3e.8 37.6 43.4 468

*S D. nieaxxs Standard Deviation
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5 Excel'sMacroforExertingaRound-robinEx-

    periment on the Computer

'it'ou can input nunibers of quantities chosen by students as in Table 5. I;br the

first student, you set student's IDi4 in cell A15, and set quantity data･ in ficom

cel]s Bl5 to G15. 'I"}].e sairie processes procee(i u.util last st;u.denl;. N("uriely, you

set last studenVs I])} in eell A174,, a,nd set (luantity data in from cells BIt7tl to

G174.

        rlllible 5: Input windows for quantities chosen b.v subjects

A B c D E F G H

12

13 Perit)cll 1'erlod2 Period::l Peried4 Periodt5 Period6 Result･

14 Studenti.D. Q2 Q2 Q2 ce2 (j2 C?2 Average(r)

].5 'io 11 9 13 7 14

16 10 13 12 IJr 14 10

l.7 14 15 11 j,o 12 l3

18 12 1;,Tl4 9 8 11

19 10 1213 13 12 14

- 10 1{] 7 9 11 13

- 12 16 1.r) 14 1.1 13

IL72 ]..1 IL3 13 15 ltJ. 13

173 c
} lo1.g-{ 18 7 l6

174 8 11 12 10 9 7

  ln the next st:･ep, you set itenis in as "Ifable 6 for explanatioi'].

In cell J14, you set "=:AXiERAGE(U5:Q174)" for getting her ayerage profits

i"' Of course, it should be se¢ret. Here it is bltuik in ZIZable 5.

                             I2



ttt

against a[tl students including herself. In celi ,]i5, set

for getting her average profits t)gain$t oiie student.

Tben copy ce.ll J15 to cells £tQm Jl.6 t;o J174.

You set " :(36-(L14 + B15)) * L14" ir± cell L15 for

against one student.

Copy cell I,1.5 t;o cel.ls .k:on). A415 to Ql.5.

Copy cel]s from ILi5 to Q15 to cells I)16 to Q.L7tl.i5

,;,,,,AXt'ER.AGE(M5;Q15)"

getting first period profit

   Next step is in order: Copy cells of A15:G15 to cells ef K14:Q14, respectively.

'fa-1)le 7 shows the copyillg process of ce}ls of A15:Bi5 t･o cells of K14:Lltl.i6 It

shovvs pyofit$ agaiBst l6e subjects in the cells of L15:L174. Her A'verage profits

areshowninthecello£J14.i7 ,

 15Because cells from L14 to Q14 in {fable 6 contai.n null data at prese.nt･, all cells except

average show zero, Average is not defined at present, so Excel shows #DIY7e! which rneans

"divide by zero error occurs." But do not worry. abeut it. If you $et aR data o£ your students'

eheices, you gei; ,ei'ood resu}ts.

 161t is too l'Euit to see the periLormance of Excel's Macro.

 1-` Note tl}at a:verages are cDmputed for all periods. In this step, there are a}l zeros in profits

ftom period 2 to 6.

                                   13
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[l]able 6: Windowf3 for calculating payoffs

J K L o P Q

12 period1 peried2 perlod3 period4 perio,l5 periud6

13 Avey"g'e,() titudent･ID Ql
,QilQi

C)1 Ql Ql

14 ?'?LrDIVx'O! l
,

ltr) #,･mvle! o
tolo

o o (
l

16 #r)wlo! o e o e o o

l7 #DIV!O! e o e o o e

18 #L)IV!OI･ o o !e o o o

19 #DIVIOI o o o o e e

" #DiVIO: o o o o -
o

o

m
#[;.iVfOl' o o o e o o

l72 #DIVI'Ol･ e o lo e U o

173 #.rplvfol･ e o o
t

o e o

174 g?EDIVftel e ielo e c o

,

Ta.ble 7

l'nellt

: Some data for the lirst student who gets frorri th e round-robin tournar

A B C D E F a }1 ! J ic L ts･1 r" o P Q
12 R.oinzd 1.:{tl.fl Pd,1 Pd2 Pd.:l Pd.a P,l.S Pd.S

1:l Pd.1 Pd.2 Pd.;l Pd.4 Pd,r, l)d.e, R.ob{n Av. ID Ql C)1 Ql Ql C)1 Ql

14 ID Q2 Q2 Q? q2 Q2 Q2 Av. 1:I4.0 10 11 9 1:l 7 l4

IS io 11 9 S:l 7 14 1:S4.0 ldS.:l lfiE] ll',4 1(;2 1:lt) lt'}d 112

]t; io 1:l 12 lr, ]4 10 1:la.t} 1fiSl i:;2 1:IS 104 lor, 1.(;s

17 14 1.r) 11 10 12 1:l l:ll.:l 120 u{) 144 ICU} !1S) 126

IS !2I1;l 14 p
.

s 1! 145,3 !41) 1:l2 l17 182 !47 154

lt) lt} ILt i:s 1:I 12 !4 i:ll.7 !"l) 14# 1'.t.t; 1,:l() 11S" 1=.h

20 lt} 10 7 9 .u, ].:s 1.iJfi,r, 1.{;l) 1esfi IS(} ia2 l2G 12t;

?1 12 l6 1,:, l4 ll 1;l 119.3 14{) s)f; 1{)8 117 12C, 12G

22 io f
;

1" 9 l(} 9 1fi4,:l 1fft} 17r, !s:1 18:･ 1;l:l 1:2
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'l'abie 8

n).ent

: Sorne da.ta for the first skudent who gets from the roun<l-robin tourna"

A B c D E F c] H l .1 l< L ts! N o P q
R.ol.{tlti 1:l4.{] Pd.l Pd,2 Pd.S Pcl.4 Pd.r, Pd,(;

Pcl.] Pd,2 Pd"3 Pd.4 Pd.r, P:l.G Rebin Av, lr) Ql Ql C)1 Q] Qx cv･

-
167

-+-
!g,

---

lt} -
7

--f--
1ts/ il

m
1
f
i

121.? 11" lc,r) ISO
H
f
i
r
,

-
i
2
f
i

-e4

16S 1:-, 1ff 10 lg 17 !4 lf}1.7 11fS p." lr,:l r,2 84 112

l(;Sl 1:1 M t2 X4 1;; 1;I
lz23.r,

1:IO 121. 1:l5 117 112 lt.t.{l

170 =l IL, J.r) li 10 i4 1:tl).:l ].tso 14:l xas lr}fi 1:t:l ll.L,

ITI 7 11 IS 14 !
e

1fi 1?7,7 IS)O 154 Sl 117 IU{} 84

172 14 !:s !:1 lr, 14 1# 118.8 120 l:l2 !2fi 104 lor, 12G

a7:l !
)

10 IS i8 7 1fi 124.3 ITO ltSS 10S Gr)
'
I
I
"
,
4

S4

174 s IX X2 ],o f
i

7 IG4,7 ISO 1fi4 1:s,fi 1fft} 14{} t21t)

-

   'I'able 8 also shows the partia} data･ for the first student who gets from the

irotind.-robin t;ouri/ta,niet]t.

Cells J14 and X15 show the avera･ge profits of 134.0 for the first subject.

   Fber ghe i}.exit s!il).]ect, I ca,r! precee(l ln the sa･rn,e 'wacy: Cop.v ce}ls (}f A.16:G16

                                                        '
to cells K14:Qitl. Then I get the aiverage proftts (cell j14) and cop.v it to cell

H16. '!ihe saine steps go through untii last subject (in this case, line 174). 1

collect, the resu.lt; an(l co{)ryt ii; anot;her cells <{ic)r Evcample, cell A177). [Vhen I get

one result by sorting with profits.

   Deleting stu{lent ID a･nd sorting with a;verage profits, l obtain tl}e strategies.

In the Appendj.x C, strategi.es for l6g st;v.deni;s ,`u:e i;a,bulat,ed.

15



   I ma,ke these processes using Excel;s Macro which is written in the Appendix

B.

                                                        '

6 Summary of Round Robin Experiment

Fi'o"), a,pl;}exidlx C, I i'epi'odiice (in part) st:tat;eg"t()s sort;ed by, a:ve!`age I)rofi.ts in

the top twenties in rlihble 9.

   It is very suggestive that best strategy is a repetit!on of quantity (12) in

C･ournot equilibrium. Ybu mEry check that better strategies are not deviate

froni i;･he Coerxiot--Nash equ]libyitim ltxrgely (see Appert{iix C).

   I make regressiori of average profits with quantity deviatiQn from Cburnot

eqtiilibriu.rn. because this deviai]io,E). wou].(l be a proxy ft)r (livergence frorEi the

Cournot-Nash eqtiilibrium. The following results are obta,ined with 1% signifi-

cant.i8

                 profits == 14L6756-1.05].64 dea] (10)

                           (1542.275)(-115.684)

where, t;he nurriber ,in pare[]thesis shows the st:u(lenifs t..

  i8I use the "regression" of Excel's tool for ai'ialysis･

                                16



1fable 9: strategies sorted by averag, e proiits in the top twenties<in parg)

Round-robirt

tOUI'rlUll]elkt period1 period2 period3 period4 perivd5 period6

Derriutiortt'rou)

Cou}-itet･enu"ibrium

Averageproilt' Raiik Quantity C2uai!titv-t C}ttu[itlty Quaittit: Qutvittity QuaTttlty variagiult

Standurd

deviation

141.5 1 12 !2 12 12 l2 12 o.eo o.eo

141.4 2 13 12 19- 12 11 il e.,:,)o O.71

l.tll.3 :
3

1{Il 12 12 12 l'L7 12 O.17 O.4,1

lill.1 4 12 i:> 12 12 li 13 e.:･1:l O.58

14Q.4 i
)

12 13 14 11 13 12 1.17 1.08

14Cl.2 6 ll B 12 12 11 14 1.oe 1.00

14{).1 7 14 13 10 12 ll 11 1.83 l,.3tt

llt39.98

l.2 10 12 1.3 [t:'] 13 IL.17 1.08

139.8
tgl13

l2 10 14 11 1'.>. 1.67 1.2[･l

1:39.8 10 12 13 11 12 IO 14 1.67 1.20

139.･7
l11l11

11 le 13 11 13 1.r)o l.22

l,39.4 12 13 14 12 14 13 13 1.83 l.35

l3fr).4 13 13 12 14 lt3 1..1 13 1.83 IL.3,r)

139.ti ital10 I'.). IS 13 12 l4 1.67 1.2.L)

1:39.3 l5l13 13 11 14 12 l4 1.83 1.35

139..316 io 12 1.1 9 12 H 2.r,e 1.58

139.2 17 Ir) 12 10 13 11 12 2.r)o l.,58

!:･39..It 18 l.2 l3 'i'i
]
'
.
r
,
'

It1 !:3 2..i7 1.47

139.0 19 11 l2 lor le 12 13 2.r)o l.58

l:39.0
I20i12

ll le l4 10 13 2.33 1.53

where, qllaBtity in, the Couruot-Nash eqijjlib riuin is l.2(::'::-･ 36/3).
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li}a,ble 10: Result of experimental performance

A,Itftximumofa.verageprofi'ts i41.5

.
M
i
n
i
m
u
m
o
f
a
v
e
r
a
g
-
e
p
r
o
i
l
t
s

113.1

Averageprofitsofallsubjects l32.8

Standar(lDeviationofallsubjects ,'･').88

11>)ble 11

lil)riurn.

: RegressioR for profits with qtiantky deviatioii from the Cournot equi-

Regresfionsta,tistics

Atfultiplecerreiatiot}R C}.994149

.R2･･ O.988332

Adjast;edR2 e.988258

Sta.nda.rderror e.637413

Sampleits 160

18



'n

7 Concludingremarks

I use t;l}e ii}-class expe.r.lirtent;a･l da,ta of CouriiotJ duopoly. gts.fne and. run the vii'--

t;ttal round-robin i:otirna.ment for 160 stu<lent;s' data '{ising M.S Excel's Ma,cro.

'Ybu cE}n expect that these experiments a･re less time consiiming and good per-

ft)rxl}.al]cE).

   It is estimated that] subjects who chose quan{;ity of Cournot outcorn.e coul{l

net be defeated largeiy a2id ra･nked top t"renties iB the large population.

   It is desirable that I, experimei)ter, should let the ri to choose carefully quan-

bibie$ i,/n t+he CoiJi'tioi] duopoiy game beca,use t;hese da,ta rn.ay be iised :m a. roiind-

robin tournanient in the future.i9 XVhat aind }iovL' to plab; subjectis do if the.v

know the final period of game in advance?

 i9In fact, I condlictecl ufider these conditions in iny uiidergraduute class of Illdustria} Or-

gan!zatio!i in 2002 academic y, ear in which the rewards are given 30 % in the pairwise result

ui}d 70 % in tl}e round-robin tourriainemts. 'rhese resuit's will be reported in another paper,
     i

                                 19
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   Appendices

A Payoffmatrice$andastudentreporting$heet

NVhen firm l produces 7 unil:-s of qua.ntity and firn} 2 prodtices 1.9 units of

quantity, i'irm 1 gets 70 unit･s of profit and iirm 2 gets 190 units of i)rofit. In

the same way, wl}en firm 1 produces 19 units of quantity a･nd firm 2 produces

8 units of quantit,v, lirin 1 gets 171 units of prc>fit alld l'irrri 2 gets 72 units of

PI'Ofit.

                    Tal)le l2: Proiit･ Table for flrm lt

Firm1'squcrmtity,
7 8 9 10 11 ].2 13 14 15 16 17 18 19

19 70 72 72 70 66 c,o ,e;2 42 30 IC) o -18 h:38

18 77 so 81 80 i( 2 6r, .r)6 45 :S2 17 o -19

17 84 88 90i90 88 8tl 78 70 c)o 48 34 28 o

16 91 f){1' f)t) loe (39 f)c' 91 84 7ro 64 ,r).1 36 /l9

15 g,g 10ti le8 11e l20 108 I04 98 90 80 68 Jr4 58Firin2's

quantity
l4 10j' 112 ll7 i20 121 120 117 !1:, 10fi 96 85 72 ,r)7

13 112 120 12lj riso l,32 132 .130 .126 1,20 112 102 90 76
12 ILTE l･P8 13S 14CJ 143 Li#14 lt13 140 135 128 la9 le8 95

11 126 'l36 144l1,50 154 156 'iro6 154 1sc 144 1136 22C) 114

10 133 ltltl 153l160 165 168 169 168 16Jr 160 153 ltlLl 133

9 141[) lt.>Cl 162l170 176 180 182 182 180 176 i70 162 152.
8 14.7 16e 1,71 18() 187 l92 l.s}r} 19.6 19,r) l92 187 180 l71

7 15tl 168 180 ]90 198 204 2o.g 210 210 208 2e4 l98 lq.o

Table 23: Profrlt Table for firlli 2

Flrm1'squatitity
'lr 8 9 10 !1 12 J.3 24 lr) .1.6 17 18 19

19 190 171 lvr2 133 114 fss 76 ,r)7 38
l
9
.
o -1f) -38

18 198 180 162:l44 12r) ro8 q.o 72 54 36 18 o -18

17 204 187 170li53 l36 119 I02 8,r, 68 orl 34 17 e

16 '.･.}os 192 276 1.60 ltltl 128 II2 96 se 64 48 32 l.6

15 210 19S 180 165 IJre 23)t) 120 105 90 r"-'
i 60 t15 30li'irin2's

quantity
M 2,1O ].96 1.8L) 168 154 240 1.26 Z12 g,g 84 70 56 42

13 :.･.)08 19,r) 182 rt6cj 1,56 143 130 lri7 1Ol 9.1 78 (jJr .-b2

12 204 192 180 1･68 156 144 l32 l20 108 9Ct 84 72 60

11 19$ l87 1,76l65 .154, l4.3 l.32 121 110 99 88 77 6(5

10 19e 180 170l160 150 140 13e 120 11e aoe s}o 80 70
9 180 171 1{52 153 144 13,5 l26 117 108 99 cjO 8

1
72

8 16S 160 l.52 ;.tl4 I36 ri28 1`-･)O 112 IC)4 96 88 80 72
7p lor4 147 140IL;33' 126 1･19 112 lor, 98 91 84 77 7e
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rl'his is a student report sheet

Cautioll:

Please Jna.l<e pai/c$.

   Please deteirinine who plabrs as Firm l. a,nd who plavs as Firni 2. }for exa.mpie,

you platy as F'2rm 2 whi{e your partner or opponent pla)rs as Firin 1.

Do nQt coi}sult with each other while making decision.

Extra points are added to your grade evaluation according to .vour

perforl'nance.

Pleasewritedown3d.igitsnumberofstudekt'slD.Yb"erstudiexiutI)( )

Playera$Vtim'yil( ) Naine( )
P]a.verasNrm2( )

[lrle},b!e 1.4: A. repor{: sheet

(Il:irin#,') (I"irtn#)(Firmfk> (I"innVr';) (Ii'irrn?St) (i,"irrt]#)

i)'our
Quantity

'Paytner's

Quantity

'Your.

profi-t

'Your

cumulativeprofit

T)avtner's

profit

Pa.rl;ner's

cumulativeprofit

period1
peri,od2 I

period3 l

period4
periodS i

4perSod6l l
,

   Iil.ow do you (let;errnine your xtuinber of q.t:ia,nl;it]y?, Ple;)se writ･e d,o"Tn yoi:tiJ

ideas in your (possibly, reverse side ef) sheee when you ma,ke decision.

22･



B ExceVs ]N/Iacro
'saved as "mac]ro-rouad urobj.n. .txt" on December 8, 2001 by uzawa

Sub round-robinO
'

' round robin -2 Macro
' revised as " roulld-robin -2" on August
' saved as " round-robj.n i' on August iO,

' coded on; 200i-8-10 by uzawa
'

' Keyboard Shortcut: C'trri÷a
,

'exert a roulld-robin experiment

11,

200i
2001

For i =1 To 160
    Raitge(Ceils(d.5 + j. - 1, 1), Cells(15 + i - 1, 7)).Sel.ect

    Appllca'taen.Cu'tCopyMode = False

    Selec'tioB.Copy
    Range("K14").Select
    ActiveSheet.Paste
    Range("J14").Select
    Appllcatioll.CutCopyMode tu False

    Selectiom.Copy
    Rauge(Ceils(15 + 1 - 1, 8), Cells(15 + i - 1, 8)).Seiec't

    Selectioll.PasteSpecial Paste:=xlVaLues, Operatioli:=xZNolle,

        False, Tran$pese:=Fa;Lse
Next i
'

'copy the results and sort them by average profits
    Range("A12:Hj.tl").SeZect

    Selection.Copy
    Range("A177").Seiect

    ActiveSheet.Paste
    Range("A15:H174").Select

    Applicatlofi.CutCopyMode = False
    Selection.Cepy
    Rai}ge("Ai80").Seiect

    ActiveSliee't.Pas'te

    Appkication.CutCopyMode nc Fal$e
    Selection.Sort l<eyl:=Range("Hi80"), Order1:=xiDescending,

    MatchCase:=False, Ori,entation:=xlTopToBottom, -

        SortMethod:=xlPinYin

SkipBlanks:= -

OrderCustom:=i
l-

23



,

'

e.
'delete studeRt's M
   Range("B177:G339")
   Se].ectioll.Copy

and show the strategies after sorting by avexage purofit
.Select

ERd

Range("Li77").Seiec't

ActiveSheet.Paste
Range("K179").Select

Applicat±on.CutCopyMode = False
ActiveCell.FormulaRiCi m "ordeT"
ActiveCell.Characteurs(1, 2).PhonetacChacracters = "order"
Ratige("K280").Select

ActiveCell.ForinulaRIC± m "±t'
Raxxge("K180").Seiect

Seiection.DataSeries Rowcol:=xlColums, Type:=xlLinee[r, Dcrte;=xlDay, -
    Step;=1, Stop:=160, TreRd:=False
Range("ff177:H339").Select

Selection.Copy
Range("J177").Selec't

Ac'tlveSheet.Paste
Rallge("Z177").Seiect

AppUcation.CutCopyMode = False
Sub
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vM
n

.I

C
tfable

Strategies in tabular form by sorting with

 15: Strategies in tabular form by sortiiig with aryrerage profits

average

Rotuid-rn-bini
tournam¢ntI pcriecl1 pcriocl3 pcried4 periocltb pcriod6

e.viatienironl

C･enrnetcquUibriuni

I.A.vcragcprofitfRo.nl

Quantit: C?UEIIItitY qua,ntity Quantity C2uaiitity Ouantitv"v vari(:tion
Standarcl
clevitation

141.5I1 12 12 12 IL} 12 12 g.oo e.oe

l.tlj..4I2 1:] i2 :[2 12 1l[ 1.1 o.se O.71

141.3I3 11 12 12･ 12 l[ 12 O.17 O.aj1

141.1l4 12 1[ !2 IL) 11 13 O.33 o.,r,s

14U.4I5 IL) l3 14 ll 13 12 1.17 1.08

x4e.2Ic} 11 .i2 12 l2 ]･]- 14 LOO 11.00

l40.1I7 14 13 ICi m･ 11 11 1.8P. 1.35

139.9l8 i2 IO IL) l3 13 13 1.17 1.08

139.8l9 13 IL) 10 14 11 12 1.67 1.29

139.8IIO 12 13 11 i2 10 14 1.67 1.29

139.711' 11 ll le 13 11 13 X.50 1.22

139.412 13 Z`1 12 1-t 13 13 1.83 1.35

139.4'13 t3 12 14 13 14 l.3 :I.R.:l 1.3bi

139.4i14 10 12 13 !3 12･ 14 1.67 1.29

139.3Il.5 13 13 11 i4 12 !4 1.83 1.3,5

139.3 16 lrJ 12 11 9 12 11 2.Sfj l.58

139.2 1
7
d

15 ,12 10 13 11 12 [.50 l.58

i39.1l18, 12 13 11 lr> 11 13 2.i7 1.47

!39.e:i9 11 12 1,r) 10 12 13 2.50 1.ros

139.Cj:20 12 .1l ].o 14 ].e 13 ?.33 .i.rp.o,

l.38.7;21 10 12 14 14 13 le 2.83 l.6S

138.6l2L) 11 lr) 14 13 10 11 3.33 1.S3

138.6l23 14 Z.5 11 10 12 13 3.17 Z.78
l..as.ro 24. 1:3 12 Il.=, 1.1 10 14 3.lr7 i.78

138.4t 25 13 w 2L-) 23 12 lr) L).67 l.63

13&326 12 1`l 13 10 12 L5 3.0C] '£.73

l.38.3 27 1-1 9 ilO ].1 13 3.2 3.Ir7 l.78

138.3, 2･8 13 IP. 12- 13 15 24 2･.67 1.63

138.229 13 12 le 9 9 12 3.83 1.96

138.l30 14 13 14 12 15 10 3.67 1.91

l38.031 il l-1 .q [L2 l.tl .zo 3.67 ll.91

137.9.I32 !o 13 ls5 s
]

12 11 40.00 2-.OO

1378i33 lt! 13 13 15 14 13 3.33 1.83

137.8i34 13 .H 14 8 ],o 1Il 4.iO 2.].2

13-7.7:35, 10 13 12 15 14 10 3.67 191

137.6I36 9 IC} 11 12 13 14 3.17 1.73

137.Si37 12 1f-l 13 10 8 l3 4.33 2.08
j
.
3
Z
5
l
3
S
.
-

1!2 le ILO ].1 10 8 4.83 2.20

137.439' 9 9 10 11 12･ 12 3.83 l.96

13Z4!40 12 13 1115 15 13 3"50 1.87

profits



'Ilajl)le 16: Strategie$ in tabula:r tlorm by sorting with a-verage. profits (Continued)

E
}
i

Round-robin
'iOUrll-t;llCllt per;'ecl1 pcriod2･ '

p
e
r
i
o
d
3

p(;riod4
lpcried,')'lperie(I6 Devitatiov.i'roin

Ceurnotecluiiil)rium

Avcra.e'eprofit }R.anlc C}UtLntityr Quantlty Quantity C2nantity Quantity
IC}uantity

vftriation
Standarcl
clcvtation

137.3 41 le 12 11 14 10 1,r, 3.67 1.91

137.2 42 12 13 M 9 8 11 5.k7 2.27
].37.2 43 10 j.e le ].o 9 ].3 4.?,3 2.08
137.1 44 13 1t･) 14 1,r) l.3 l

g
t

4.67 2.16
Z37.l 45 13 13 14 Z2 1316t 3.83 1.96
],36.6 4t] 12 10 :t6 ].tl 13 ].o 4.83 2.20
136.7 47 13 l2 14 1.1 16 14 4.33 2.08
136.6 48 9 9 le 10 12l13 4.r)o L?.12

136.6 `19 IF. 1(} z･t 11 15 '13 4.67 2.!6

136.4 5,O 3.2 16 ].5 14 ]･]- 13 5.17 2.･-).'7

136.4 51 12 15 10 g 15rrtl ,r).33 2.31
136.3 .r)L? 12- 1i) 11 14 1415 4.#)O i-t.12

k36.3 53 ii 13 l.o 12 j.4l16 4.33 2.08
I36.2 ,r)4 13 12 12 l.2･ 13 17 4.50 2･.12

136.0 r)r) 9 i2 10 u 16 12 r).oo 2.24
135.9 ,56 10 9 !2 8 10 10 6.17 2.i18

].35.8 57 9 11 10 13 14 ].5 t!.67 2..16

135.7 58 8 9 11 12 il 9 c}.ge 2.45
135.7 59 14 Z6 13 1,r) 12 14 5.67 L-).38

],35.6 60 IO 9 10 9 10 9 t].50 2.55
135.l-) 61 11 10 11 8 ].e 8 7.00 2.65

135.4 62 ll 13 9 12 6.67 2.58
13,5.4 63 ZL) 14 '15 i6 14I10I 6.17 2.48
135.-t 64 17 lb- 13 14 12iIX 6.67 2.58

135.3 6,rv 8 11 12 13 l4l15 ,=).1･-f･ 2･.27

135.3 66 14 11 13 9 l614 r).83 2.42
135.L) 67 13 11 14･ 16 1015 5.83 2.t12

13,5.2 68. 14 7 12 13 14Ii3 5.83 nA7"-"

13,5.l 69 10. l2 IL) 7 1,r)12, 6.33 2.52

134.9 7e 14 lfJ 16 8 11l13 7.00 2.6S
].3il.9 71 10 8 lt.3 ].1 15i9 6.67 2.58

134.7 7.?. 11 10 13 12 ･7IS 6.67 2.58

134.6 73 11 9 7 12･ 1013 6.67 Lirj8

134.5 74 11 IO 12 7 13 8 7.s.e. 2.80

134.3 ･75 14 14 15 12 7 l4 7.67 2.･'t'7

134.3 76 9 9 f
j

8 12 11 7･.33 2.71

134.l 77 17 13 !o 15 12 14 7.!7 2.68

134.0 78 le 1l. 9
,

:t3
･
7

l4 7.33 2.･71.

134.0 7･9 11 lro 12 13 17l14 6.67 l.58
134.0 80 9 13 1.r) 11 8.17 2.86
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134.0 81 10 10 7 9 11:13 7.33 2.71

133.6 82 loH l:{ 12 Z7 9,10 8.o"O 2..C.}2

],33.5 83 l4 7 IL2 ].o 8ll.3 8.33 2.89

133.4 84 10" 13 16 9 ]･[ HIH'm--=TT
9.17 3.03

133.`1 8,5 le 9 13 17 11l14 7.33 L).71

].33.4 S6 8 11 12 ].o 9
･
7

9.];7 3.e3

133.3 87 15 12 14 9 1･7 Z3 8.00 2.83
133.2･ 88 14 7 10 11 8l13 8.50 2.92

133.2 89 9 9 9 9 g.eo 3.00

133.1 90 )-;)- 11l) 9
,

11 17sl2 8.00 2.8.o.

133.1 91 "12 14 l,r) '9 15' ･
7

9.33 3.06

132.8 92 7 13 9 10 12 ,1,5 8.0fi 2.83

132.8 93 12 10 ],5 8 l.tl.16 &17 2.86

13E.4 94 12 14 l6 9 17 l11 9.1'7 3.03

132.4 s)r) 8 9 s
)

11 14 1,r) 8.0CJ 2.83

132.tl 96 11 16 13 lr) 9
,

l6 8.67 2,9,t!

132.2 97 8 ].4 10 7 13 j.,l 9.00 3.00

132.1 98 10 9 15 15 8 10 9.67 3.11

132.1 9fj 9 10 7 8 l2 13 9.17 3.C3

].32.0 :tco 1.5 14 12 IC} l7 ]･]･ 9.17 3.C3

132.0 101 14 lt-)' 8 9 13' 16 9.17 3.03

131.9. 102 9 15 12 8 14I16 9.00 3.0C}

131.8 103 14 16 10 14 Z5I16 s.srs 2.97

1311.8 ].04 7 '!"t 1.3 Jt5 ],tll5 8.67 2.9tl

].31.7 lorJ 14 11 14 13 9.1･7 3.er)

131.7 106 13 11 8 9 1017 9.33 3.06

131..5 107 8 1C} 13 12 ,917 9.17 3.o.e.,

13!.5 108 8 10 13 15 9l].6 9.1･"f' 3.0.3

131.4 109 18 13 14 12 10l7 IL67 3.42

131.3 110 l3 7 ll i5 10i16 9.33 3.e6

131.1 I{1.1 u g
,

IL7 l.5 14l8 [Le.67 3.27

130.9 112- 7 10 13 11 15l16 9.33 3.06

130.9 113 11 13 12 11 14:,19 9.33 3.0fj

130.7 !14 13 IO 8 14 16I7 11.C,O 3,32

130.7 115 io 14 7 12 11l17 10.00 3.16

130.6 !16 I4 8 10 13 18I11 le.33 3.21

130.4 !17 7 8 12 15 1,5'13 1O.ClCl 3.15

130,:] ].18 7 l3 l.o It2 14l17 9.83 3.l.4.

130.2 119 19 13 10 14 12l8 12.33 3.51

129.8 120 7 10 8 11 13,7 12.0.0 3.46
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12(,).8 121 7 ll 16 8 1,r)I13f 11.33 3.37

i29.6 IL2 8 l7 16 11 leI8 13.00 3.61

1?.q.2 II23 15 9 9 J.7 8I].sl 12.00 3.46-

129.! 1[4 7 1t･) 14 ll 14:17 11.33 3.3･7

!29.0 125 11 1:> 10 8 19I13 ll.83 3.t.,tl

12S.9 12t)･ 9 8 7 ].o 13.I.･7 3.63

128S 12-7 13 15 17 7 ].1l16 Zl.83 3.i)8

128.8 128 16 18 9 10 13 7 l4.00 3.74

128.7 !29 11 14 7 17 9 15 12.17 3.49

123.-g. 130 12 8 ].o :t4 l.,518 ].1.r)o 3.39

12･7.7 131 9 16 9 8 7rH'8 l5.1'l" 3' .89

127.3 13L) 13 8 Z7 18 14l11 13.83 3.72

127.2 ].33 13 i2 ].6 14. ].9l15 13.17 3.6.a

12･7.e 134 14 19 8 12･ lr) !3 14.33 3.79.

126.9 13,r) 14 9 13 16 11 1
9
F

13.33 3.6;-)

126.7 136 !5 12 8 19 15I10 ltl..':'o 3.81

126.4 l37 114. 7 9 12 18 ].5 l3.83 3.72-

125.9 138 9 8 15 19 12･ 14 14.50 3.81

125.9 139 8 11 9 !r) 1910 14.67 3.83

].25.7 It4.0 .1o' 8 15 ].8 10l].6 ll5.0(} 3.S7

125.7 141 7 11 18 14 15.17 3.89

125.4 142 13 15 10 l8 IVl18 lg).oe 3.87

125.3 1tl3 1.5 IO 7 18 ll 16 15,17 3.89

124.-1 ].4tl 11 u ].o 7 19 .16 l.c}.oe 4.0C

M-4.2 145 9 IO IS 18 7l16 16.t･)O 4.06

124.1 145 10. 8 13 16 16.33 4.04

123.3 147 7 13 9 'i8 17l9 17.r)o -1.18

12･[.8 148 19 7 ICj 14 16l8 19.00 4.3fi

122.7 149 10. 15 7 16 li,19 17.3.3 4.16
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122.4 152･ 19 8 14 17 16 13 18.5e 4.30

121.8 153 l2 8 15 7 17 18 18.50 4.30

12e.9 154 'iC 19 16 13 19 13 2o.cie 4.47

120.6 1.55 7 12 8 19 12- 17 19.l7 4.38

117.6. 1,56 18 13 1,5 19 16l17 22.67 4.76

115.6 'ir)7 lf) 7 17 19 1617, 2-1.eo 4.90

115.6 l58 13 18 14 :L9 ],9lk5 24.67 4.97

1!3.5 l,59 7 11 7 14 1919 25u:-)O 5.05

113.4 160 14 loF 19 12 1.Cj19 26.67 5.l6
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