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XNXRODUCtlON 

In this atusyv th* regular Karkov chain model is 

applied to saao-playlni baharlour of subject© in four ?x2 

non-zero-suss games. Using principally the theory of flnita 

4arkov chains as pr«ts«nt&d fey &«@ny and Sn@ll, predictions 

ar« aade from a simulate Markov ^h&in process mmm®& m 

uaderlying th© gam© behaviour, the mod©! Is thta tested 

against collected data fey showing goodness of fit between 

predicted and obtained values. 

tha object of tha study is to hav® pairs of aubi©cts 

play, over a large msibar of consecutive trials, four sys»gtric 

2x2 noa~&©r©~aui!a gan?#s» wh®ra @&oh player of a pair has a 

efaoice batwean two strategists A and B on sash trial ©f tha 

ga&af and wher« it is posalbl® to obstrv© tha four posaibl® 

outcomes AA, AB, BA and B8 that result fron tha eosibln&tion of 

both alayara* strataglas* By attaching specific values to the 

two ©aolcas opan to ©aeh playar, incentives or "motives"1 can 

b# craat@d ia ta© player for preferring one choic© ovar the 

other. Since outcomes are directly $@pand@nt on the mutual 

eboieas of both playara, this intardapandency could arou» 

motivational conflict in tha sublets as th» number of trials 

bactomas larga, thus affaotlac ohoioe behaviour. 

1 J.Q. Xaaaay aaa J.L. Snail, n.vXfaJtorim,.SUMlmi 
van Bo*tran6v friaaatattf H.J. t 1$6C, vti3~21C p. 
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In essence:, the whole study Is has or} on just such an 

as stamp tion, aaaaly, that pr©-decisional avanta of an un&ar* 

lying Motivational process dataralaa dlraatly tha ovtrt r#-

aponaas (outcomes) in tha tvcH»aaraaa gas*® situations (da-

serlbad fully in chaptar two ia the fanadatlan of tha 

probla») and that, oaoa the proo*as is operationally q«an-

tifiad, its affact on choio« bahaviour can be studi#d in 

terms of Markov ehain thaory. In athar words, tha pr@~ 

decisional motivational proeaa® dataratining tha daelslan 

taak ia modelled as a fiaita-stata ?%rkov proc«#a fro® which 

pradictiona are a&da as to tha actual distribution of out­

comes obtained la the total saqtianoa of trials ©var which tha 

gaaaa are played. 

tha tbasis ia dlvidad into thraa ehaptars. tha first 

ohapter peasants soa@ baaie id#a« about gaaaft and raviava tha 

litaratara rolavaat to tha problaa. tha second ohaptar dis-

cusses in datall tha problem of tha prasant atady, tha %rkov 

ohain aooal, and tha aapariaantal method followed la tha 

eollaction of tha data. Finally, tha third chapter presents 

and analyses tha results of tha study. 



CaaitaR I 

fUVI^.. OF to* ita&tAftCa Ht-uBAtUa*. 

1. General Introduction. 

th© impetus for u t i l i s i ng gas^s as axperiaaatal para­

digms for studying intarparson-int#r«etions st#as primarily 

frois the work of von M^usann and Morganstarol and i t s r e -

intorpretat ion for th© bahavloural sclancaa by luaa and 

Salffa. Stated siaply, gaaa theory a las a t developing 

c r i t e r i a for ra t ional bahavieur i a al tuatlaaa that iavolva 

t o t a l or pa r t i a l conflict of in te res t s batvaea two or sore 

individuals. 

In i t s simplest non*nathaaatieal foriailation, i t i s 

bas©d on t%?o assumptions known &# ra t ional i ty postulates . fh# 

f i ru t of thaa© basic paatalataa, that of iiisflvidual u t i l i t y 

a&adjtlisjition or individual r a t iona l i ty , atataa that ©ach 

playar t r i a a to aaxiialz© his own «p@et©d sat isfact ion (or 

u t i l i t y ) , th© a@eoadT known as tha postulate of mutually ax* 

pact«d r a t i ona l i t y , s ta tes that aaon player «pa<sta and sot® 

©a the expectation that tha playar(s) will also t ry to 

1 J . von Maumann mM 0. :*>?ganst«rot Ifrttftiy,, ftf„ flftMtf 
Wft flffifflflttiU, feMylCT» J'rtntcataa Unlvarsity Praaa, Princttoa, 
I . J . j 19W, x-a^l p* 

2 K.O. Lmo# and H* Baiffa, jftiftt.,antf Jgggjrflaftf, John 
tollay and tioaa, Sav fork* 1957 * act* 50$ p» 
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aaxlalaa hia(thair) own «p©ct«d utility* £8«#»tially» tha®® 

postulates describe tha Interaction of two or more lndivl$u~ 

alf in taraa of baaavlour which oan ba daflnad as th® rational 

pursuit of thair own «alf«-lntara»t** 

0a@ of th© contributions of von Itemsann and Morgaa* 

tarn was to provlda a ^aasifieation of gasaa into %m®<»wm 

and non-a«ro*aua. tha «r©~s&um. gs»a i» ona in vbi@h tha 

total won by a playar, or player®, is aqual to tha total lost 

by aaothar playar* or playars, A aon-3fiar©*»ua gaaa ia oat in 

which the gains a*4a by on<®> playar ara not necessarily aada 

at tha ©xpanaa of tha ©thar. Only in th© «©re~tu3i gm® is 

thera a situation ©r pur® conflict. Ia tha aan**ara~*aB fame, 

thara is usually tha alamaat of ©©operation or soapatltloa 

operating. From a aaycholaglaal point of view, tha «er@~susi 

gaasa ara uaintareatlag ainc# thay ara %mm of para ©o&fXiot 

la ahlaa th® iatarasts of th® playart ara dlamatrioally 

opposed. 

tha aoa**#ro*aua gaaa, tha so-eallad •'aiassd aetlva 

gaa** la Stalling s«5 tarsiaalagy* ia of particular payaaologi-

cal interest baeaaaa tha play say ba tha result of competitive 

aativatlaa, ©aoparativa aotivatlaa, or both kind* of motivation 

ia various eoatbi nations. i&» a raault, this type of casta h&» 

3 t. Seballlaf* tfan UMBM&Mn QMtflaftt » iUrmM 
lhrtvar*ity ?ra»a, Gaabrldg*, ?%«.» 190C* rii-30$ p* 
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served, in racent yasrs , as J&g. raaoarch paradigm for stadlaa 

analysing social (dyadic) in teract ion. 

Part icularly prominent in eantaasarary game mm&w®h 

haa ba«a tha Prisoner 's Dilaasa (PD) $mm eteserifo^d by Laea 

and Halffa as a Bpac&al typ# of **alx«Q>m6tlv«* gam®. I t i t 

mixad-motive bacauaa th« playar has to ehoo®^ bettfean incrs>«« 

lag his own immediate $aia or increasing tha to ta l gala of 

both players, tha reason for l t a extensive ua® in r#s#areh 

i s that i t has batn considered a prototype of social si tu* 

atlona whara tha iatarplay of autu&l and div®rg^nt inti&rastts 

are operating. 

tha gaaaral fora ©f th i* jgaaa ©an b® r^prasaatiid by 

tha pay*off matrix shown in Figara 1, thar@ ar@ taa players, 

1 and 2, whar® ©ash aaat ehao** batvaan A for ©oop#ratlons 

and B far d«faetloa on ®v#ry t r i a l * Joint $eci®ioma ar* lndi~ 

catad by %&g* Al®2» % % or %Bg. Ia order to simplify d i s ­

cussion, subscripts ar® usually ea&ttadt tha f i r s t l a t t a r of 

aach 4olnt response Indieatas player ll® d#oiaion in a l l 

easss . thara are four «atri#a i a tha pay-off ©atrix &adt by 

aattrantlon, tha f i r s t of the pay-offs l a aaeh entry i s that 

aeeruing to tha ro* alayar* or alayar 1 . 

tha pay-off aa t r ix l a aubj«et to tha following rula# 

l a th® PD ga»* 

1* $%^> x$ * xj ]> 2*fc 

a* * 3 > » L > * * > * » 
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Player 1 

% 
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XI 

ll<Wi UOipiili»il|llMWi^li • I n11HŴ  

B a 

*i 

k2 

*2 

2% 

e3 

Figure 1.- Qaaaral tay-Qff % t r i x for 2&z Ck 
whara 1 and 2 ia tha rov and aoXuaa headings refer to the 
players, A and B to th* two choicas ©p®a to ««rh playar ax 
whara xi, xa» «3 and 3d* d«R@t» dlffaraat Car aqual *rh«a usad 
tviaa) pay-offss and wh#r® tha first pay-off value ia « # r y 
eall t ® t m ® t® player 1. 



th® f i r s t rula i s introduced to prevent the poss ibi l i ty of 

aora than th# on& form of t a c i t collusion, 1««, t a c i t agraa-

aaat to play AA. If tha loaquallty in tha f i r s t rul# i s f*#~ 

varaad* another form of t a c i t eollusion Is possible, nwwly, 

aa a l t e ra t ion batvaan AB and 14, assuming that tha gmsa i s 

r©pt̂ at@d, the second rul# I s introduced to stotivmte mch 

alayar to play non~cooperatively. 

In PD gams, B do»ii iat« A in th® gtifta«*thaoratift sansa* 

In gam thaory, on© strat«gy dominates anothar If t and only 

i f , i a usiag i t a player 6ms n© wars® and, l a general« hotter 

ragardl^ss of tha strategy chosen by tha other player* lio^K 

avar, tha Joint eihalea IB resu l t s in a pay-off Cxv) to ^aefe 

player %mioh i s s m l l e r than tha pay-off (x^) associated with 

AA, h#n«€ tha dilaHsa. For * detailed description of tha gats#( 

the souroes ar« Lues® aad Belffa, Hapoport and Cfcuumtia,* and 

B&poport* Raviavs of axp^riastnt&l studies of r>D u$ to 1962 

ar® given by Bapaaort and OrMant*7 and up to 19a5 by Sail© 

and MeClintoek. 

h Luc® and Half fa, pa,., ..Cfrfr, , xi-509 p. 

5 A. Hapoport and A* Cfeemah, ,*T*ffflMUr•*Bj&jpt» 
tfatvarslty of Miohlgan Prase, Ana Arbor, 1$65» JdLI»W p* 

6 A, Rapoport, 3ha»J»ejrafla,,,flltM,ltolflra, .Ite^JMfteftem 
J&Mg, university of <'41ehigaa Press, Ann Arbor, 1966, 299 $>* 

7 A. Eapoport and c* 0n?aat4 "Kxperimatal O&sts* A 
a«viw»r- jafjhai„ate»X,J,iJi«figt vol* ?f i96a t p . 1-B?, 

8 f%$. flaUa and c.fi. tfeCllatoeitt "Cooperative antf 
Saigpetifeive Bahaviar l a lOxaaVMetlva fet©®.*4 ^ j r ^ e ^ - a ^ 
ffmjllafcJBamlatian* f a l . 9* 19*$, a. 66-*78. 
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2, Bes«*arch Li tera ture , 

th#r# hav® b#«n thraa aa^or treads In gmm l i t e r a t u r e 

which hav« attempted to provide an «p l amt i©» fm the ob~ 

sarv®d fact tha t players do not, on the ubale, play ra t ional ly 

in the g»e-th*»or©tl$ sense, that I s , by neklng the i r chalaes 

in t a r m of the i r domimtl&i str&te^itis according to the 

*al8ia*xn priaelple* " 'ilnimax*' In gam theary refers to that 

strategy which wil l alnlJalsa a pl&y«"*s loss* i f a# should 

suffer a l o s s . Attempts a t a posaibl© ratio«al# for th is 

observed dlser&paaey between what gaae theary prescribes and 

the subjects1 actual gasaa-playlng behaviour hav# t r iad to 

clar ify PB findings in terms ofi 1) pereoaality varleelea of 

the play#rs? 2} fstr&t**gi«*s ©apioyed by tha other play#r$ and 

3) suah eaaoepts as ** trust* and *truatworthlnesa« t ' 

Studies trying to r e l a t e individual p#rsoaality 

diffar<mc#s to eaoiee behaviour i n rD games hav« followed the 

g«n*rali«®d nxp@rl«»t&i design of separating eubjeets on 

sow personality d i»ns ion ( l a t#r»s of high and lav scores) 

and then, e i ther matehing subjects with respect to the sam 

pale of th© pffeaiakea1 eontlauun, or pairing theft l a tarae of 

"polar opp**ite««" thus , i t i t tfkar/ using an '*l?^t#r3»tloaallS15s*, 

ecale end s$i«§eting oubjeets with «tr#nw saores, found tha t 

f B A i*utakerf
 wInternatioi»ll®» as a fredlotor of 

fat. *>t Ifte^ GtMMO^ftto'Ome }$£$&•* teWMJL .SfcfiWstlstaa teffAltt« 
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pairs strongly * internatloneliatio'' in their pareooal orionr* 

tfttlon towards the political world war* significantly noro 

cooperative than pairs who wer« strongly "isolatloaistie**1 

MoClintaek, Harrison, strand and fiel!*^ found 

siai lar results when " isolationist** and »int*rmUonallet'' 

subjeets were paired against pro^rawmid *'other play«rs" using 

strategies vi ta narkediy different level* of oooporativ* 

responses» Also using a pragranmd opponent, but In this 

ease one that responded with an uaoaaditiomilly oooperatlve 

ehoiee, Marlovell reported that extreme noi»»QOoperators 

soared slgnltteantly higher than extremly cooperative subjects 

on need aggression and automssy on the y^l l i M i t t l t o , ,9M&~ 

UiSl extrenaly cooperative snajaet* s w « d higher than nan-

oaognirstiva on need ahas««at and need d#f»«e«» For a 

similar g*a«f Bettteehr^ fauna that author!tarlaais* seor®s 

as masarad hf the California F Boole ©orr#iat^d algnlfleantly 

with gam behaviour* Subjects with law F seor©s i®nd#d to b® 

trnatlag and trustworthy, and thos« with hi^t* f score* tended 

t® be suaalelous and untrustworthy in their g«e ehoioes« 

1C C*0» MeCliatook* k» tiarrlson, &* strand an«? i\a* 
OalXo, *fet«rnatl©nalisn, Isolationism* 3trst«gy of tha Other 
?lay@r and twa^ arson Oam® Behaviort

w ImmXSI. ~mqjml,,mZ 
e>eial...^«yaholaey> Vol. 6?, 19*3, p«, 63X*o3o7 

11 e. Marlowe, "fsyahologlaal Beads ami Cooperation 
vs. CoBrnmien in a two-Person On*," ^ » ^ M f 4 » l „ftfflMftit 
Vol* 13* X9&3* P* M*** 

12 n+ &ont»onf "ftnurth trust»©rtM»ss* and th# F BcalaV 
•~ " " ~ " ~ ' * U lol* 61, 19$es 
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More recently # Shttra, Mteeker, J%ar« and JEelloy«^ 

using the Shnre-Mseker JbreittelUlg I I U M f i.^teM,f? comoood 

of s ix faatored»saaloa, found lntaras t lng personality eorro* 

la ta* in two-person* aon>*s*fra>«tiK gam*« fh#y raportod that 

high "eonoillator*,*' "eqaell tar lans" and *ri*k-nv©ider** 

oarnod more, re*peetlvaly, than pairs eonpoaed of low 
weonaillatora t

, > HtntlMsrltarlen** and *risfe»a**lEer*»* 

Studies lavaiviiig strat#gi®s as wtplan&tory oamoapta 

far the observed ^ gam beJMVianr have bona »ar# interest ing 

from the paint of view of presenting the rat ionole in m r * 

dynamic terns than tha proviou* ( s ta t i c ) approach l a t a r s* or 

fmvtonality differences* She** studies have usually boon-

designed i a sn#i a way as to control tha strategy of mm af 

the player* in wm» pre4ot*r*dA*d fashion* &M study ^hat 

influencing *££**%, i f any* th i s .ha* on the- strategy of the 

a^&er player* She player who plays th* pr*de*era!toe& m t of 

s t ra teg ics i s a confederate or "stooge'* of th® experimntari 

aecaslonally, tho pr*prograJ*»sd *!0t!»rtt -ha® beam ah- electronic 

computer unknown to both players, 

l a tha l i t e r a t u r e reported to date* five type* of 

s t ra teg ies hav« &#«. studied a* to the i r vffaet on the choice 

bahaviaur of tha other plcyor* thoa* s t ra tegies ares 1) t o t a l 

•ii.i»iiM..ini'ii m m iii-'i.iiii«i«»i>i»n»«"i"»niin 
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unilateral cooperative strategy; '*>) total unilateral d®fs^ 

tion strategy? 3} random strategy1 h) aatchlng «tr*t*gy$ and 

$) part ial relnforoeaient strategy* 

la th© unilateral cooperation strategy, tha stooge 

eoop®rat#s without regard to tha «ub^6«t*s actual mv**, as 

can bn s#«n from th* expsrlmntal design* of l®p#p«ri su$$ 

Cha^sah,1^ aad Solonon.3^ Ia unllstoral defection, the stoog* 

defects without regard to the subj***1* isov@s# Oodar randc* 

strategy, th* stooge cooperates or defects according to a 

rands©® schedule without regard to the sub$fe«t*it behaviour * 

%im probability of an A or B s»v@ i s present and remains the 

sane for ev©ry t r i a l , th is type of strategy has men used hy 

lin*Ji»t±m» Potash and wUson,*^ «hd by Harlow®, Qergen aad 

Boob*17 

Mktohlac strategics lav® men « o » i a # » i mre interest-

lags the staage notch** the actual perf®r»ati» of the subtest 

Xh Bapepcrt and Chaismh, SsuJSkX*, xii-258 p. 

15 L* Sol«si0% "She Influence of $©sa® $yp*s of 'r>ower 
H^iatioaships and <ks« Gtratogiea Upon the revdnpejcnt of 
Xfetorosroml Trust,^ .fmffmA PX AhaQtni*U,.*aKl Mfilftl ^OTfete?» 
Vol, 61, 196c* $>• 223-230* 

Id V*U Blxenstl»» a,'** . o U * and K.V, Wilson, 
*£ff*ot* of 3»*v*l of Cooparatlv* Choica by th* Other f*l*V«r 
da Choi*** In a Prlooasr** &il*j*** Gam©* Park I ," Jn^j*airiiaf 
mmtml.mMsXA.liz^mHaf vol. 66, 19*3, p* W-SS. 

17 0, Harlow*• &*J. Oergon and A.I* Pobb, "Opponent** 
Foraa^aoli'larf *«p*«tatioa of Social Xat*ra ctlon, wad Inter* 
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in "tit»for-t*tr f**hlon, vh*r«j th© natohing is of tha *n»* 

Ject*s currant nov<? or of his previous onc» In the latter 

cas@» a player who d*f*ct«d en *>« trial would b* faced with 

defection ors the subsequent trial. In su<sh strategic*, the 

level of eoop^ration by the stooge is entirely contingent 

upon the subject's own perforaance as shown by Konerit**^ 

Partial reiaforee»nt stratify lie* hotwoan the 

random and mstofelag *tr*t*glesi ta* stooge's responses to 

particular »ve« art randomly s©l$ct-td but with on® probability 

for a subject's cooperative »©ve«f and a ̂ iff^rtrnt probability 

for his defecting »©v©a, Msnce, the proportion of tine* 

cooperation will b* rcw*rd«d or d«fAction punished c*n bn 

pr®d@tart8i£Bsd. For ®&a@pl^f eighty*five p«r cent of suajAct
1* 

cooperative moves are net by A responses wall* sixty pm cent 

of subject's B responses §ur# net by dafaction* Such reinforce* 

sent schodol** have been characteristic of the work of 

>ylyshyn, Agnaw &ad Ulingworth,^^ sal Stanorita*^ 

ittimmwmwmmvmmm*m**m*0MmM*mmm-<f9 mmmmmw 

Id tf.ii* ftonarita, nCooperative Choic# in a f'rlaonor** 

Mies®* a*m»* sTm8mirM,,i;^ttmiillte. ,.m% Bftalm.&Mxsto&am* 
Vol. 2, 1965, p . M * W . 

19 z* Pylyshyn, H# Agaew tad J . Ulingworth, "COOK 
parlsoa of Individuals and Fairs ** Participants la a Htjwd* 
*4»tiv* Qam," igirigfljaXLialfflti^ Vol, 10, i960, 
p* ai»25©# 

80 ***mrlt*>, 9a+*£&* » P- ^1-7^5. 
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In general, studies on s t ra teg ies , notably by 

Blxeastlst* J JLBJL .* 2 1 MeClintock eft , a l - . g g nmi Mnmtf^ have 

shown that i t i s d i f f i cu l t to influence the subject 's g a » 

strategy by varying systematically the strategy of h is p a r s e r * 

ifawever, Seodel^ found tha t , in a PD game, a stoog© who played 

oespotit ively for the f i r s t ten trial® and ta*n bee»« uneoa* 

d i t loaa l ly cooperative ( to ta l uni la tera l cooperation strategy) 

produced sore cooperation l a th* *ttbj«ct* than did a stooge 

who played unconditionally cooperatively throughout the f if ty 

t r i a l s of the experiment* 

Blxenstine and Wilsoa*? found that the stooge*® 

i n i t i a l level of cooperation laad a significant *ff*ct on sub­

j ec t *s fane strategy $ and also Interacted with th© sex of th* 

subject and the personality »&sure of • t a l ea l l t y - tha l@v@l 

of cooperation observed i a th#ir study was generally balaw 

f i f ty V»* cent* 

21 l i»§astin# ajLBX** jRJWfiftfrt »• 3Ca~313. 

22 <feQlntoek J £ J » - * « ieB*JSeJi«» P* 631-636. 

23 V, deraat , "Cooperative Behavior in a '-ilaed-Hotlve 
«t" toMMa! a t ^Mm„„lf«^gXiSlgy^ Vol. 62, 196l», p. 217* 

2fr A* Scod^l, "Induced Collaboration In <i©» to~ 

1962, p. 335-3^0, 

a? V.K, Ummttm and B.V, Wilson, Effects of Level 
of Ctfjomratlv* Qfmim by tha Oth^r r'layar* in a Prisoner** 
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Boaaat and orognvion*''* using a chicken matrix Ca 

gam sanawhat similar to £*B) %M having the simulated other 

player mteh subject»* ehalces with a one-trial lag (the 

*tlt~fnr~t*t* strategy), found that subject* v*r* significantly 

acre cooperative when their f i r s t choice coincided with thai 

of the ather flayer, than wtam i t did ant, A mmm& study by 

ternmtf*? enplaying the sane chicken mtrix* ahawad that mm 

hundred per cent eatipetltlaa ftm the other player produced 

aare cooperation in the subject than did an® hundred par east 

cooperation. 

In his la tes t study, «*»•**-& iavaattfatod tha effect 

of pragam treatsaent an subsequent performance against a t i t * 

for*tat strategy, malaf a Pfc and a onlelEea aaatria: in four 

aaparinaats^ A pre-arranged pragra*, alisulatinf the ^athar 

player,*1 sad* thir ty c^saacutlve cooperative @r conpatitlve 

choices during a *atwtr**tm»t" and ta*a t for two hundred 

t r i a l s , reciprocated the sufej#ct8s choices with a one*trlal 

lag (the tlt~fOF~tat strategy). A highly significant inoreaso 

in cooperative behaviour was o»*«rv*d in a l l fmzt *agNffl*)*ats« 
warnwmwiiinniiiii mm • n m rriimiwn umi m > 

2* Y# aermt and B.P« flrnfovloa, *!th# tffact of Easperi-
aaamtal Jtatpalatloa on Comparative Behavior ia a Chicken tali" 
lOTI*1lnnnU lfitWf» V«X« ^* m . 12, 1966, p . «££*36. 

W tenat, tasJM* • *• 217-239* 
2 $ ***.*«•»**• s *»fjn> ifgoat of an In i t i a l Cooperative or 

Competitive StooataMKt fflpoa a Btibjacv* toapaam to Conditio**! 
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tno data suggest that either type of pt^temtmml my faeil i* 

tat* the development of a cooperativ* strategy, it followed 

W a t iWo*»ta t trcatnent, while m the absaao* of pre* 

t rea tmat , no increase in cooperation occurs* 

th is finding supports Bern**1* oarllor study* ^ 

lore, subjects who in i t i a l ly received thirty consecutive cam* 

petitive choice* fro® the other player wer© significantly 

user® cooperative at tha end ©f one hm^rad t r i a l s of t iVfor* 

t a t t reatmnt than subjects for whan this j»#treat»emt was 

omitted, the t i t - f a r - t a t method, whan not preceded by any 

other treats^nti produced a generally low level of eoopara-

t ioa without any apparent Increase over on® hundred t r ia ls* 

ma t a matching treatnent fey I tself i s ralattvaly lmiYantlv* 

for iastoalBg cooperation ha* been shown by Sainton » ^ Nina* 

aJLm#^ Qskaap and Parian*,^ and by ttanstlit® j&Ji**^ 

30 aalown, I k i & l * * P* 223-230* 

31 J+a. Mlaaa, A, Bood*l, !•• a»rlow* and K» H&wioa, 
"Sane Dasctlptlve Aspects of twoo-Paraon &»*$«»*$»* 0*m*t 
« , * JmWIflh jnt v-nt; li%t a«AttUm» Vol. »», 19*0, p. 193*19?* 

| 2 S# ©*&&» and £* tarlma, #ffcctors Affecting 
G**nw*r*,tian in a m a n n e r ' s Bile*** a***,* ffoar*#. aft .Can^^at 
- • * - - - Yd*, f, 1965, P* 3 5 9 - 3 7 ^ r™rr,f~rr. 

33 i t aaa t lne* ^LaX*f Ji*j£tt«* F* 906*313• 
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finally, W0*ny,3* in an unpublished paper, Investi­

gated th* effects of an extreme random strategy of the stooge 

an th® choice behavior of the subject und»? turao natrix 

conditions, where the index of average advantage of co^petl-

tioa varied from 1}, through o, to -1/ units for eaah ga®# 

nmtrlsi respectively, the $m® was played ever ten blocks 

of 12 trials each wl»re th® stoog® played c«gp*tltiv#ly 

B7£ of trials ia the first block, &7$ eonpoYatlvaly in the 

second block, then B7# conpetltiwly In the third* etc*, for 

a total of ten blocks* that is, th* stooge alternately 

defected and cooperated without regard to the subject's re­

sponse behaviour. *&» overall finding was that tha stoog©*^ 

strategy had an ̂ li^noing** of foot on subjects* anole* be­

haviour to rm?&W)i& fta,..|ffad for all thro* smtrlx conditions, 

fa© subject aatched th* stent*** respoww i^MMt ***t *&® 

natattlag (gnodnn** of fit) was significantly grantor for the 

competitive responses than for the cooperative em** there 

was a slight decrease la goodness of fit of ta* ccwpatltlve 

responses as th* index of cnapatitioa decreased from lg to 0 

to »!*-, showing that structural features of the taatrix 

4W0*Mjmt#m*i&m&mmmmmmwtmMm»M*m'm 

InMatf..M,»fflb&mM»tM<»f»xfMMm«MmM % uiyubli *hod pajNtr* 
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In addition to both personality variable* and 

strategy discussed above, the attltudinal correlate of trust 

has %®®n shown to influence choice behaviour la th© PD gmm* 

I t i s clear, fro® a cansi teat loa of the proportl** of tal* 

dilenaa, that one player *s ©h@i®# behaviour will be very 

such affected h^ tha extent to which he ftrusts th© crtmr 

playor to cooperate. B*nt««h3? appear* to hav# Wm %hm 

f i r s t social psychologist to r®c#gal&® the isplic&tloas of 

this gan@ for studying cooperative behaviour and trust in a 

social situation* 

In this study, i)eut«ch aaaualaad the iniluanoa of 

cooperative, individualistic and enHp*tltiv* Motivational 

orientations upon tha doYilopnant of Mutual t rust in to* PB 

game* a* found that indlvliualistlcally o r i t n « dyads did 

not differ fron th* connatitiv* on®$ with respect to th® 

nnatoer of trusting choices mde* Sowever, contrary to 

cession-sense prediction, the lnnlvidta\Ustie subjects w#r# 

unable to act rationally <by choosing A> in t t e absent of 

autual t rus t , that ls» ®mh player was unable to subordin*to 

ianediate self-Interest for iong*rang© group-gala, and the 

relationship tended to dtftoriorat* into self-defeating 

eosspetitioa* 
.IIIWWIHMI ii IIIIIIIJIM > l | iH i l l lH .»H»»» 

35 W* Bantoah, "Xruat ®M auaptaton,*' Journal...,of 
GimM&MMiMkm* vol, a, 195*% p. a§5~27$. 
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B*ttt*eh,3* in a subsequent study, followed up these 

results hy showing further interesting relationships. Here, 

subjects were given n© motivational orientation* m a n sub* 

Ject played tha gam twl**, choosing first in tha first 

position and supposedly having M s choices announced to tee 

second player (who was fictitious). In the sweats! position, 

the subject was iaforuM that th* other player (still ficti­

tious) had aad© «a* trusting choice, A* the results *nov«d 

that subjects who w«re trusting ukm& they chose first tended 

to be trustworthy when they eho*e secondf they expected the 

sane behaviour of the other player* Subjects who were sus­

picious and untrustworthy aspect** to be exploited by the 

other players? ta**« subjects r#spon4#d to a trusting choice 

by taking advantage of it* 

One major theoretical taxation that has received 

attention recently mmmvm tha notivatloaal basna of choic® 

in experimental gmmM* Ffagant research hy tfessiek i M 

j*ecaiatoek37 indicates that at least three aotlv** are opera­

tive in non-sercKSun game®, namely, naslmising own gala, 

©aainlaing Joint gain and, m&ximl&lm the difference between 

own &a$ other player's gala* 

36 it* Beutsctt, **trust, truatwerthiaest, and the F 

ftg**»" jfm^M«AlmmA mi imUt FmtifmUm vol* *i» 

37 ®*n+ m®A®k BM Ctt. ffeaintock, "HotlvaUonml 
Baa** of Caaim in Bgmrimntal Q*a«*»* fflMpO, fattmidMmM 

MMflmtMOs *ol* %, i960, p* 1-S5* 
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Studies on game behaviour hav# usually assumed that 

subjects ware a t tmpt lng to a « d j t i « the payoff• as d*fla#d 

by the experimenter and 41spl*y«d in the p*y*off Matrix* 

Becent research has clearly d#wmstrat#d tha t t h i s i s not 

always the case, Baanlt* of *tttdi«* maduoten' ^y Hd&lBtoafc 
^ *c » *3b*39*V® JWLA? ens tfoaeai*' »**»-» * "strongly suggest that Individ**!* d© 

not exclusively t ry to aaninisa the i r pay*offs, but are mm 

concerned with their score* re la t ive to the other player 

than with the absolute magnitude of the i r ova scores. 

Another ser ies ©f ttsmrlmst* reported hf Ossicle 

and thoragate*3 also d«*oiistr*t« that subjects do, in fact , 

t@ad to a&Aia!se re la t ive gain, or the dlff«£r®nee between 

34 C.G* McCliatoek and $*!*. JfeB**l, "Bavavd L*v*l 
and Qam t'laylag Bnhavlor,'* g o w m l QL.£f»aiXlffc P*Mia!s*lto» 
Vol* 10, 1966a* P. 96V1&2. 

39 •»«*««*. «Cr€*ss~€ulturai Comparisons of Inter* 
personal i-ietiv**," ftoajam^y? Vol* 39, 1966b, p . *t0&«^2?* 

kl> — ~ — « . #
 pSocietal '4*nb«rsalp, Score Status &a$ 

Can© Behaviors A Phanomtiolagiaal Analysis.p iaJt^:i?Mi.P"Ml 
fomtiXM iM&tmlQMIf Vol* 1, 1966c. p* 263-279* 

i*X *»———., "Reward and Soar* Feedback && Deternlttanti 
of Cooparatlv* Behavior,« ifflrpi,,,,®! JMMMlXti jaft.jittmm 
Paycftalaar. Vol* *n 1966d, p . 606-613* 

**£ — - * * • , •''trior Dyaiic /xporieace and Aienetapy 
Eeward as determinants of Cooperative sa$ Competitive (nun* 
Vol* 5» 1967V ¥•;W^29h» 

k$ S*M* .H*s*iek ah<S **« Sharngat*, "Helativ* 0*in 
- tudnisat loa in c.*a*rimntal Gems," Journal, of Axmrinanftal 
aaft M%®l§l,l,m&MMXi vol. 31 1967, p. 45-loi. 
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the i r pay-offs and those of th* other playar, u«$«r th* con­

d i t ion of complete iaforsatloa about the other** pay-offs* 

they fouad that th i s *ff*et i s mediat*d acre by a t«nd«ttey 

to avoid gett ing 1*** than th* other player, than by a d«?sir© 

to surpass bin. An Important Inpl icat ion of the i r findlags 

i s tha t of the thra© aotlv** operating l a PB~type gases* the 

difference between own &M other ' s outeon* i s i*ore *ff«otlva 

in detemlnihg choice behaviour than the natives to maximize 

own SJO^/OV Joiat gain* 
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1* Formulation of the i'raelea* 

the object of the present study Is to h&v® pair* of 

subj^et$ plays over & i&rg# nsaber of cons#cutiv® t r i a l s , 

four sysset r ic gamfcs discussed by .iapoport'*' and H&goport and 

Guyer.2 thfê © four gaBs« are presented i a th© present text 

as figure 2 and &r© labelled as "4*xplolt*rV "leader," 

*'4er©»?f end "Martyr*" 

deferring to figure .?, «*<sh player has a dboiee be­

tween two s t ra tegies A &M B so tha t , on mefa tr ial of the 

gasfe-, ©&& of the four possible ®u%&omm AA* AB, BA and M ©an 

be observed, A**oel&t*d with escb suela oatcoa* i s a pmir of 

Busbars that denotes th® value of ta* outcon* to the players* 

the f i r s t number of such a pair i s th* value of th© euteo*Mi 

to player 1, and the second to player «?• In th i s way, by 

attaching specific values to the two chaicss open to each 

p lay t r , ©n Incentive or "native' i s er@&t«d for preferring 

one choice ovtr th© other. Ancl9 a* th© number of t r i a l s 

1 A* liapoport* "«dcploit*r.. tender, ff*ro and Martyr* 
the four Archetypes of the 2x2 tea," fcMltej^LJMtatt» 
Vol. 1?, Bo* 5, 196?, p„ &1-4&. 

2 A. a*popart ausS M. Quyur, '/ tajwriony of .'&r Cam*,1 

AUga^ l t f ^W-) Vol. U , 1966, p* 203-21^* 
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A B 
Player 2 

Player 1 

1 

2 

X 

-1 

-1 

-a 

1 

2 

- 2 
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-1 - 1 1 

flayer 1 

a) "Exploiter'" 

2 1 -2 -2 
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b) "Leader* 

Player 1 

B 

Player 2 
k. B 

—1 —1 

1 2 

a i 

-a -a 

A 

Player 1 

—1 —1 

-2 2 

* — 4, 

1 1 
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c) ^Hero** d) *,%rtarr* 

figure 2m" Fay-Off ttatrlo** for Bapoport** *Ajr*h*typ»* 
2x2 Boa-Zero-Sun Oasies. wh#re A and B refer to tha two choices 
open t o each player and where the f i r s t anther in each ce l l i s 
the pay-off value of tha t out cow to player 1* 
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a*eones large» it ia possible to hypothesise on intuitive 

grouads tho outcaaes that should emrge during the course of 

the game* 

Froa inspection of figure a, in gaae &jsploit®r, 

L®&&tar and aero, the pr*r*renee should b* for each play#r to 

choose S over A, for by s&a&ing this elioi&a, «*ah wouia gat a 

larger pay-off provided tha other aid not choose B# tf both 

happen to chaos* B, both ar* pnai*h*d by th* worst pay**ff, 

namely, -2. JDa this respect* thes® thre« gams aru sinil&rf 

however, they differ in other respects. For lnstanae, in 

game £xplolt*r, If one player whoos^s B while th® other does 

not, the am who chos® B h#lps hinaelf ai*d punishes the other. 

inch a player could, th@r®for®, be called ah "ejsplolter*** la 

gam© Leader, If one player chooses B while th* ©tfeer ana* 

not, the on© choosing B rewards both himself ®n# the other* 

but hlnself nor© than th® athnr* Buch a pl*y*r e©uia¥ then, 

be called a **le&dnr*n la gaw H#rof if one player chooses B 

whil© the other do©# hot, the on* who ©hoos#s B rewards both 

hiaself sad the other* but the other sore thaa hlnsalf*. Bach 

a player could be called a ^hera*" Ga»« 'Martyr* nevovvr, is 

different frasta the other itae because, in this game, neither 

player is "notlvatttd" to ehoc» &* If a player should choose 

B* he would reward th* oth*r whil* harming himself. Such a 

player could w r y well b@ called % Ms»rtyr.r' 
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It is also to ba not®d th*t in gams Exploiter, 

Leader and Hero, if both players choos© B, tooth got th* 

worst pay-off. On® could say that thera is no mom for two 

"exploiters," two "lmd^r*" or two "hero***** Bat, lis g&ne 

Martyr, if both ehoo** B, both gain* Thus* thar* is room 

for two "martyr**" 

G&aes 'Exploiter and Leader can be further described 

W calling then Kpreemption fanes" after Hapoport* If one 

player succeeds ia choosiag B before the other has had th* 

chance, he get® not only to* largest pay-off bet assures this 

pay-off for himalf, since the other player caa now by 

choosing B only impair his owa pay-off* thus, a choice of B 

fey a single player results in the so-called te equilibrium** 

outcom in Bapoporfc*® t#r»iaology* there are two equilibria 

and the play*r who choose® B first secures the e^uilibrlia 

with the largest payaff for himself* 

m gam Barn, *a«h player can wcara th* equilibrium 

with the largest payoff for himalf, if th* oth«r »kes tn* 

B choice* it both wait for th® other to «»&# th* B choice, 

both w y persist in the outc©a« (AA) ia which «*«». loses. 

However, if both try to be ,!heroes*' by choosing B, the result 

Is even worse for both, a*mly» -2 pay-off to both. Finally* 

in gaae %rtyr, th*r* is only on* equilibrium, mithar player 

wants to ch©ot# B* that is to fee a n martyr ,w yet both W0ul$ 
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gain i f both cho*e B* In th is respect, i t i& identical with 

the faaous Prisoner 's Dilsuwia game discussed In chapter on** 

Thus, thf present stu^y can b* vlewwd as fal l ing 

withia the r«c*nt research tread on motivational variables 

underlying gaae b«&i»vi©ur* ^p«cifi«aliy* the p r # u l « of %h® 

pr«s«st study i s to tranalnt* the *notiv«*" operating, as 

discussed above, Into paremt*rs of a probabi l is t ic nedel 

froa which p r ed i c t i on can b* sad® about the actual playing-

behavlour of the players* as th* gairos &r*t? played over a 

repeated number of t r i a l s* In other words, what i s ained «t 

i n th i s study i s the quantification of the "natives" pre­

sumed operating on choice b^hfeviour and the poss ib i l i ty of 

describing the i r effect In tarts* of a m t h t a a t l c a l nod*!* 

Bapoport considers th*s* four gam* psychologically 

in teres t ing as they bring out four d i s t inc t typ t t of 

"psychological pr***ar** elevating on each player* la gam* 

theoret ic terminology, a* mms ta*s* "pressur®**1 as the 

motivation of a player, In making hiscnolea, to *hlft froit 

the so-called natural {aiaimsus) out earn of the game* 

th* natural outeom of **eh $mm i s in th* upp« l*ft« 

hand corner of the m t r l x * $h» natural outeoiw resu l t s i f 

each player chesses n i l ' 'n inimx," that l a , that strategy 

which wi l l ndnlnla* his loss should he suffer a loss* FA 

gam* c&plalter,. Leader and B*?o, t h i s ou teo» I s not as 

a^nil ibriun because both $>lmy«rs ar* mt iva tad to switch 
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uni la te ra l ly fro* the natyral outcome* In gam tetyr* on 

th® othsr hand, the natural eutccet* i s an <M|ttilibrlwa* an 

outcome from which neither player I s activated to switch 

un i l a t e ra l ly . 

following Eapoport's logical analysis of th^se four 

* archetypes,*5 i t i s st#n fro® figar* 2 that th* mtlvat loi ia l 

pressure operating on each player l a g»m**$ Exploiter and 

Leader i s to switch fro® the &A outcone—in other words, to 

preempt th* other in order to saeure th* largest pay-off for 

himself* totre i s , then, saotivatian op«vatlag on each player, 

a t the beginning of $ach t r i a l , to oboes® B, Bls i la r ly , in 

gaae Hero, th* pre&snfst i s njat ^° switoa fro» A A in th* hop*a 

that th* other flayer wil l switch, and in %m® ;»rtyr where 

the AA outcome i s an **julllbriusi, the prassur* operating on 

each play«r I s also jgjB to switch* l a t*ra* of th* two 

c h o i c e open t© each player at t l » btflnsiag of a*eh t r i a l , in 

ganes Sere and Hu*tyr, th is s*e&n$ a pr«^^ur« to choose A 

over B* 

% assuming tha t thas* aotiv** chanaal ctoice be­

haviour into par t icular outcomes of th* 2nZ matrix bf d i rec t ly 

affecting the probabili ty of being in a given outcome on each 

t r i a l of the gam, i t should be possible to study th* dynamic 

interplay of these motivations i a terns of m p robabi l i s t ic 

aadei , and hopefully deteraiae wheth#r & en»n«etlon does ea&st 

batman. Bapaaort** logical ly d#duc©d * prassurw' a t f th* four 
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outcomes (AA, AB, 8ft, BB), actually observed, as the tfaa* i s 

played r©ptiat€dly over u large number of t r i a l s . 

2* th* %rtov Chain »W©1. 

On th& assumption, therofore, tha t to* d is t r ibut ion 

of actual outcomes during the ©oars^ of the gam* Is govsfwd 

by the interplay of the pressure "to switch or sot to switch** 

a t the beginning of mch t r i a l , an attempt wil l b® mM to 

apply --tarlEov chain tneory m a p®&$ibt® $m&eX to describe 

the fans behaviour. 

Following Kemny and on*ll , a Markov chain i s a 

m th*mt l c* l model for describing © certain type of proees* 

tnat aoves ixi a sequence &l step® through a set of states* 

the process i s & stochastic one and the number of s ta tes 

through which i t ®ov®i» nay b© #ith^r in f ln i t* or f in i te* If 

tha number of s t a tes 1* f ini te* d«not*d by s^, *g, a j , *** % , 

ve have a f i n i t e »%rl»v elmln for which th* probabili ty of 

entering a cer ta in s ta te d«p*ad* only on the l a s t s te te ooaupiad* 

'Nhea the process i s in s te te *^, tner* i s probabili ty p y that 

tha next posit ion will b« *tat* 9«« th* matrix {- * Lpjtj- 1* 

called the t rans i t ion Matrix from *v«ry s ta te *g to sj& a l l 

of i t s ent r ies ar© non»nc gotiva &nd i t s r©s»r fentri«is sun up to 1* 
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In ganeral, f in i te ttrkov chains are differentiated 

into two special typsis of chainst absorbing and «rgodie* 

A s ta te i s absorbing if, one* entered t i t 1* never l«ft* 

Consequently* a chain i s *n kbaorbing chain i f i t ha* a t 

l e a s t ©a« absorbing s ta te and If from «very s ta te I t 1* 

possibl©, not n*o***arlly in oa» *t«p, to reach an eaearblag 

state* An &rgo&le enain, on the other hand, i* a chain In 

wJiich i t i s pottslbl* to go from every s ta te to every other 

s t a t e , not n*eac«arlly in ©s» step* An inportent *p**lal 

cas# of an ergodic chain I s ta* so-called regular chain, a 

chain such that for som a, **n h&& no aero entries* th* 

average P-aateix for e*ch g«iw in th i s study *ati»fie* t h i s 

condition md^ th®r®S®m I s regular. (Cf, tahla ¥ in Cimpter 

I I I , liesulte and Liscuaslon**} 

<fetrlx algOhra plays « basic? rol* in th i s theory. 

According to ftamay wal 3a#H*^ i s a regular Markov chain 

tee probabil i ty of » v t n g from s t a t e »% to *j i n n steps i s 

given by th® U t h entry of Fn» and th* fraction of t in* 

(steps) that tha process can be *ata*ct*d to b# in s ta te *« 

for a lerg® n is giv#a by the H a l t i n g valu* a-, fh* valu* 

a* i s calculated from a baal* th*or*a for regular chains* 

i m » ) l l l l HIM i l l I II II IIII Ml I f II » Bill I 

** the syntbol ,v** neans "r raised to th*» power n,w 

wa#r# a can tek^ an Integ®? valu** of 1, 2, 3* *•* n» 
5 Sen^ny and Amll , j&hJ2U»t p. 6<»-'A. 
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vhar* A 1* a probabili ty nat r lx having in each mw the sam 

probabil i ty vector ov. (a1 # a^, , , . *„) whose eoajpon^ate add 

up to 1* th* st&trlx A asnd vector ov. are then t'ps Un i t i ng 

a&trix and v«ctor for the IfarJeov cliain determined by V* 

Furtharsor*, i f II i s d*fin*d ®& a row vector whose 

eoapsneate giv* tha probability of feeing in the various 

s ta tes a t the present aaawat, than 7T.?* ^i?as the probabi l i ­

t i e s af ter one s tep , and If- £»* &fter a stepi* For a large 

n , K#mny and da*U* show test 

11m 7f*Ha = oc (a) 
n->o«» 

where oc i s tli© mme as given in ( l i and i s r*lated to i* by 

OL r * «*- (3) 

^his vector can hav© two in ter pretentions? 1) ** a s s u r i n g 

ta* amount or s t a t i s t i c a l *qulllbriu*i achieved W • r*gnlar 

chain af ter a larg^ number of st*p*$ ami 2) as giving th* 

U n i t i n g valu* for different I n i t i a l probabi l i t ies during 

the history of th* chain, t h i s unique vector I® r*f«rr*d to 

as th* stationary probabili ty motor of th* chain. 

In omS« to deteraiaa such a chain completely us i t 

mwm tram s ta te *x to s t e t e s j over n ®tep»» i t I s only 

l U K l l H l l i l l l i l M l l l l l l H irrimi |i I 111 UN | | nil Ill in 

6 %m»m *»d Snail, SXLUM** P* ?l* 
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necessary te detarain* the t rans i t ion probability awtrix ? 

over th© a steps and the i n i t i a l probabili ty v«ctor /I . 

As there does not apptar te b*& a way of calculating 1T 

d i rec t ly a t ©ach jaoa&ni in the chain* O*N h&s been prop^mS 

as a good average approximation by 8n*ll? and by Atklnaon, 

Bower and Croth«rs,° By substi tut ing c*. for 7P , th* pro­

babi l i ty of finding the chain in each of th* stetea a t *££ 

tin© during th© history of the process c&n be calculated* 

S t r i c t l y speaking, when dealing with Markov processes, 

r* i* determined fey counting th* number of tran»lt lons fro® 

*£ to s j in tha complete sequence of a step®, as seen i a 

studies by Bernhach</ snd Pike.**' $lne* the In teres t of the 

present study i s in studying the «ff*at of "proaftnr**** pr*» 

suned as determining the s ta te of th* process* counting tha 

w&mtmr of t rans i t ions fron atat* te utate would not t a l l us 

anything about th* uaderlyiiif pressures and what *ff*ct they 
in i i u i l i i i m i HHIIiii ..ii I . » » I I I I i» i I mi i n n mini 

v J,i>, *h**ll, s t o c h a s t i c i-roe*****,*' in B.t>* Luce, 
K.B. Bush and ; . P l a n t e r (•*•*.), ^^M^.^L^Xbf^tX-:fX t 
i*BsjltiMttffl«ar« Alloy, Mew -fork, Vol* 3* Chap. *^» 1965, p* **ll-**§5* 

i a«C* ^tkln*onf U„$# Bower and « *J, uro tmra , ^n 
iMrMaall^ Jsft ,gMtewitlfi§X ta«xffi3»a*JBhamg - Mi*y» few 
loTkVlw, ffii^ivi p. 317-S3*". 

V il»A, B^rnhach, "P r iva t i on of Learning i'roc*** 
S t a t i s t i c s for a Oeaeral Markov nad*l*'' .Kayohonj*,tr1JM

cPf 
Vol. 31, Bo* 2, IVdo, p. .\"5~23>«* 

10 A*h« i lk*, wtechastic Models of thole* Behsviours 
mspoa** Probabi l i t ies and Latencies of U n i t e wwknv Chain 
%»&«$/* &iujk,l,feM»l,i,,o,lf: ia^i»n,gM,,„ftttft HM,t,igM,ml 
ZXXSMSHBt* tol* 19 C^art I ) , 1966, p» 1KP* 
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have, i f any, on th* course of the g«a&« In ord«r te do t i l l s , 

the presurod psychological pressures nustt i»» &o»fe w*y, b«s 

reflected by or connected with th© stationary probabili ty 

vector «=*• . 

Jlenc©, l e t u* d*fin* r In tern* of jo in t probabili­

t i e s of the l*pr@»sur#ifl &©iing on both players to switch $r 

not te s^itcn fro® th* natural outcome M, as a function of 

th© s ta te in which th® player» find themselves* ?lnd ingot for 

such a ^ gives th* b**t cs t iaa te of th is *'•pr#ssurt,, on both. 

players a t any instant of t in* in the etete* And, assuming 

fron n^poport1* analysis* that teis pressure operating a t 

tla-g n-i i a s ta te »i d i rec t ly affects being in s ta te *j a t 

t ine n, th#n e* &i$o gives th® espeeted probabi l i t ies a t 

actually being in #<&«sh of tee four s ta tes A*, ABt Bl, and 

SB during te© course of the gn«e* 

For matrix ijcplolter ®n4 Lfem4©rf l « t us define th i s 

pressure tc switch fro® th* natural outeoas® (A&!< as th* pro­

babi l i ty of choosing B following each of AA, AB, a>. and BB 

outcome* for matrix Hero &M Martyr, l e t us define th* 

presumed pressure not te switch in tens® of tee probabili ty 

of choosing k following each of AA, AB, M Mid SB. «ith 

respect te th i s mthod of defining variables, tha prasant 

study snow* similar i ty with *tudlos by Hapoport $fa%_.A* 

11 A * Ea|»oport5 A* €hiiffl»hs J . lawyer and J* Cfcr, 
B®HPe#»FerBon wsH&*ro~{£ua fton-mgotlaale Game,'' .B*hnyja3EtfL 
£g&NGtift, fcl* 7» 3L962» P» 3o^5»* 
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S^pop^rt and &*le, * *tapoport end .*owshowtis,^ and 

tha t i s , for mtrik. >xplolter and jbeader, l* t a*, 

whcr^ 1 a l , 2 corresponding to player 1 and player 2% 

respectively? be defined *s Urn probability of choosing B 

following AA and be •xpre****! as jt^ * t {% AA)» dlsAlarly, 

for choosing B, following AB, BA and 1©, l e t 

*i * 

; (BiJAB) 

r (B^BA) 

,£ - '-' (B1JBB> 

In a similar 

if in* %%t y i , *i ami w^ 

*i * p (AjJAA) 

<M 

» for i'i*ro and >4*rtyr, let us 

*j * i {A^ 

«£ * K (&£ 

) 

SB) 

(?) 

12 A, Hapoport »M v4 Pale* "Modal* for Prisoner** 
liXmm^jmrMM,M%kmm%iSiAlnf:m&Mlms* vol, 3» 1966, 
P* ^oO^S?*©* 

13 Annan Eapofort and A* towthowlts, •'Uatporimntil 
Studies of s tochast ic Uod*l» for the Prisoner** Pilcm**" 
^^XmX.Mimm» Vol* 11, »o* 6, 1966, p* ¥*W*5c* 

1% Aisnan ftapoport* "Optiml I'olicius for the 'Vteonar' 
BU*a*ja*»j:mf,$iMlmlm& I M 4 » * vol* 'A, no* a, 1967, 
p* 136*1 
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Fro® a consideration of Exploiter and L«sad©r in 

figure 2, wa observe teat at ^ach ©tep la the sememe© of n 

steps over which te* gaa#s av* playod repeatedly % i s ©itter 

the outcome B& or BB, and that B2 ®̂ A* or SB* For lero and 

ttartgr*, this gives A4 as AA or AB, and Â  as AA or BA* Sub­

sti tuting this in «quntlaa* (k) and (?) above, raaafln** 

*1* ^ i* a l *n* ¥ i i a *•**• *>* c$^l^te$,...dat& following #*ch 

of the four possible states* la this way, each player i s 

characterised by a set of response probabilities defined in 

terns of tee "pressure8* ©pirating* 

t&esc prassur® probabilities are next combined te giv® 

the sixteen transition probabilities, th* parameter values of 

our nodal* Figure 3 $lm® the transition natrtsE P for 

laEplolter and Loaders flgttr* h gives P for Horn and Martyr* 

to get P, as shown in both te&s* figures, th® wodmia l i ke l i ­

hood *st£amt«s of that* paramtar* ar© confuted for e&ch p&lr 

of players* th*y &r® called ms&mm llk*llhood following th* 

terminology coined h^ Anderson and den^ma* * 

For ejawsple, te get % , th* sgaxinun likelihood ea t i -

nata of x l 5 we count a l l te* Instances in which following kk 

each player chose according te th* operationally obaarvnal* 

Motivational wpr***ur*" a® defined above. Dividing this 

15 «.«. Anderson and L»A* Ooodnan, s t a t i s t i c a l la-
ferenc* About tekov Chaly. ; Aan*ia, pj» .^ttwnmttml.J»,tl,fr 
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S t a t 

T 
A 
t 

AB 

<i-%Hi~i£a) 

<l~yjKl~s2} 

(1-a^)(l-yg) 

(1-w^Xl-w^) 

(l-ai)ae2 

(l*yj_)*g 

( l - s 1 ) y a 

Cl»W3>)w^ 

k i d - a a ) 

yj(l-«j) 

» l ( l -y 8 ) 

W^(l*Wg) 

3££3Eg 

W 

V2 

w x w 2 

Figure 3*» **Pressure" transition Matrix ? for tasas 
—y^^siter and Leader, where each cell entry i s th* Joint arc* 
bability of transition from th* state indicated in th* cola** 
a t th* le f t te the state indicated in th* top row, and where 
te* x*s« y1** *** aad w's have the sane meaning as defined 
by equation (k) on page 29* 
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t A t 
AB 

s 
t 
A 
f 
E 

AA 

AB 

BA 

BB 

x l*2 

Va 

**7a 

n 
xgtl^Xg) (l*a^)3ts ( l - s ^ K l * ^ ) 

y^ClHEg) (l*3Tx^*t (l-^)(l"-*g> 

* (̂1*T**) (l*a|>)y^ Cl^t^Kl^y**) 

w^Cl-Wg) (!••«».) vg Cl-w^Kl-w^) 

Figure *>•-» "Prateer** t r ans i t ion Jfctrix P for 0«m* 
Hero and I4*rtyr, where each ce l l entry i s tee Joint probabili ty 
of t rans i t ion fro* th* s ta te Indicated in tee ealu*a a t the 
l e f t to the s t e te indicated in the top row, and where the 
x ' a , y ' s , z 'a and w*s have the saste neaaiag as defined by 
equation ( 0 on page 29* 
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nuaber by the total nunber of occurrences of AA gives K%* 

Similarly for the other parameters* this i s done for each 

subject of a pair* Average values are then calculated over 

a l l pairs playing th® gam, and th© f matrices are computed 

according te the entries of figures 3 and **# 

Calculating th* unique probability vector c<glv«s 

the proportion of t i m that th* gam-playing process cm, be 

e jec ted te be ia each of the four states (outcomes), Cog^arl* 

son of these predicted valms with th* actual masher of tUa*« 

that tee grassa-proaess i s in m®h of th* four states will 

show how well te® presuw«d pressures chan»l th* gmm behaviour* 

la order te obtain a m^mr® of th® total deviation 

from ©quUibriun during the history of the chain, a mtrJjt Z 

i s calculated* following Kemeay and Sne l l ^ i f P i s tha 

transition saatrljE for a regular narmv chain, and A the 

Unit ing nateis as given by equation CD above, then 

I * it * (F*A)r1 ,or in i t s expanded geomtric forts, 

2, « X • •£ <rA*A) (6) 

n*l 

where I i s the identity Matrix of sane order as Is* l i s then 

the |un4*mnW *a**ffiff for tea %rkov chain determined by P. 

Finally, »m 'l a s»trias C i s calculated which, for 

th* purpose* of tn* prt$s*nt study, eoiBpietesth© description of 

16 tmmm «Bd Baall* M*M%*t »» n* 



the behaviour of the regular tarkov chain assumed te express 

the dynasties of tee motivational pressures. Matrix C i s a 

covarlance-varianc® matrix for th® nunter of tl**« th© pro­

cess i s in each of th* four states activated by th* npressures*• 

According te I^neay and Snail, "^ the off-diagonal entries of 

C are calculated by 

e i4 * H Hi * »J*J1 - a i%3 - H*i <• > 

where a^, a^ are components of th* Uniting vector of 

equation <3>| HJ **» *4th entry of saateix l\ and where dij 

are th* off-diagonal **ra entries of a diagonal »&tei& $* 

whosa diagonal elements d ^ * Vag* th#> of ^diagonal 

el*tm#ate c y represent the Halt ing envarlaaoa for the number 

of tines in states S£ and sj in n steps, and tha values o ^ 

give the Unit ing variances for th® number of tim#s in 

stete m* the C££ entries ar# calculated by 

* i l * *J <2»tt-*--V W 
where a* i s a* defined &bov©, and where **« ar* the diagonal 

entries of matrix Z, 

Fro» C, the Uniting correlation for tM wmbmr of 

t ines the process, as determined by the "pressor**," Is in 

*£ and s^ mm Xhm be calculated by 

*« ' . :»' ,, (*J 

.•Mumiiiiiiiiiiinimmiii'iiiii i» m m w u i i w w i n iinumnwmw •mm 

17 lm4»f »• *5 . 
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the r^j*s will show the extent and directionality of the 

^pressure* for channelling the process into th* particular 

states of th* chain* th is completes the do&crlptiv@ aathe* 

mt loa l quantities for the nodal* 

3* tasperimatel Matron • 

Subjects*- the sanple consisted of forty s*l* gradu* 

ate students fro* the Faculties of Psychology and Muc&tioa, 

university of Ottawa, the subject® were divided into dyads 

ma& readonly assigned te play one of the four gam** ten 

pairs were run per gas* natrisu 

Apparatus** tha esperiaantel apparatus used In this 

study was the Same theory Apparatus designed by Ichwarte, 

which i s described fully in Appendix 2* By masking one con-

plot* row ®M coiuna of squares on each subject panel, a 

2x2 sate-in was produced, In* l e f t button on each panel was 

called the A choice, and te* right button the 1 choice* 

•Procedure.- Fairs of subjects were s#»ted in front of 

individual panels with the appropriate mt r lx displayed on 

then* tn* ga»e natei©« employed were taom given In figure 2* 

the subjects war* mp&mt®& fey a visual barrier and ware not 

allowed te coiatnnieate with each other in aisy way* th* 
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ins t ruct ions were tap*d and ident ical for each of th* four 

groupsj a l so , they w#re purposely »©de neutral with respect 

te implying cooperation or competition* &*uU*h*9 notes the 

iaportence of t h i s control , m6 his suggestion was followed 

in the present proc^dura* th* task was expl ic i t ly stated as 

being an •jcerels* in d*cl*lonHsakln*, where th® goal was te 

accumulate points , 

the game w«r« played uadssy conditions of p@rf«i 

Inforaation where @ach subject taw, a t the «snd of #ach 

t r i a l , the amount of his pay-off and the otfeer person'* pay* 

off. 2h addit ion, each mbJect was given a continuous cu*u-» 

l a t iv^ feedback of his own to t a l point© a t th* end of each 

t r i a l , but no feedback as to the cuw&ative t o t a l of tee 

other sttbj«ct, the reason for not giving t h i s i n f a r c t i o n was 

m& to havss 8abJ*at* *lo«Je*la* ©n « oaamt l t lv* strategy and, 

bfesce, obnmm Urn op#rattea of this praoumd pressures being 

studied, lurthersor®, a l l subjects playnd under »fr**«»pl*y« 

conditions, i .** , und*r no pr*t@tenained strategy feedback 

fro* tne #j^erise©nter» 

3ttbJ«et« mm run fw two hundred coasaeatlv* t r i a l s* 

th® beginning of each t r i a l m® Indicated te #ach *u*-j*ct by 

th* on-set of a gtmn. l i gh t on Ms panel* th# session started 

i i in IM m»n . ii n i t — m u m i ii J iiiiMiWiinwmiiMi 

19 «• ZtaitaoB, ! ? f » s t &n$ Suspicion,1* Journal of 
flaO***. l l w W f f l * *oi* a, 195a, p* 2^5*c79* 
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on th© ©xperiiwnter'* signal and, after both subjects had 

and* a choie®, the out com light l i t up for the appropriate 

cell in th© matrix, th* indicated p*y*»offs remained i l lu ­

minated for approjeinately fiv© seconds before the beginning 

of the next tr ial* the «perl«*mter recorded the consecutive 

occurrence of the four possibi© outecw§s so as to obtain a 

continuous nistery of th* process for analyste* 
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lii^ELtS km BXSwUSdlOa 

th* isaadssuta likelihood «j«ti»ate» of te# psychological 
Hpressur©s*' op*ratlng in each of th* gams a r t j)r©3i#nted 1m 

Tables I te IV Inclusively, the tables 8 how values for eeeh 

pair pi&ying the gtssse as vai l as aver&ge s t a t i s t i c s fro® which 

th* t rans i t ion sa t r ie** have been ca l cu l a t e* th* * pressure'' 

t r ans i t ion matrices are shown i a table ¥, from these Mteie@s, 

c< vectors war* calculated predicting tha proportions of tha 

actual outcomes tha t should occur in the two hundred repeated 

t r i a l s of th* gaae* 

table VI shows ta* observed and prtdictetl d is t r ibut ion 

of the four out con® s for «ach of th* gams* % inspection, tha 

f i t between obtained and predicted proportion* i s c low for 

iasploiter. Leader and Hsrtyr, For gnus© Sera*, te© obs#rv@d 

values do not approach the predicted OMSS, in* discrepancy 

bttwe^n teem bela$» again by inspection, r a t t e r larg* when 

compared with th® discrepancies for the otber three gams* 

th#s^ resu l t s are nest l a te r^ i t ins* For thr*« of tee 

four ^®JS#S, th* t rans i t ion probabi l i t ies of th* ® « » e d a o t l -

vat loaal a a t r l x ' &o g*a*rat* th* tc tue l saqvuine* 01 outcom* 

obsarvvd In th* eotirsn of th© g«## th* resul t* claarly »h#w 

teat ta« * > ? * . * %nd w variables &r# the d«t*3minlaf fEnters 

i n tfe* prediction of tha observed proportion $f outcomes, Shea* 



Table I.-

Calculated Joint Probabilities from Observed Lata for Game Exploiter as Defined 
by the Transition ''latrix of Figure 3 on page 31» for Each Pair of Players 

Separately and also the Average Values for the Whole Group (11*10). 
(The letters x, y, z and w are defined on page 29; the digits 

1 and 2 refer to the two players.) 

.io. ( l-Xj^U-Xg) (.\-x1)x2 x ^ l - x j ) XJXJ U - y j K l - S j ) ( l - y ^ Z j jrjtt-*^) yjZ2 

i (.637)(.'+09) ( .637)( .591) (.363)(.>K)9) ( .363X.59D (.667X.366) (.667M .63M (.333X.366) (.333X.63M 

2 ( .358) ( . iu6) (.35d)(.71^> (.6V2)(.2a6) (.61+2) (.71>0 (.W29X.500) (.>»29>(.500) (.571X.500) (.571H.500) 

3 (.500M.000) (.5OO)(l.O00)(.50O)(.000) ( .500X1.000X.616X.250) (.616X.750) (.36'*)(.250) (.38't)(.750) 

h ( .319X.72S) ( .319X.272) ( .60IX.728) ( .681X.272) (.000X.5M.) (-000)( A59) U.OOOX .5>n) (1.000)( A59) 

5 ( .223X.667) ( .223)( .333) ( .777)( .667) ( .777X.333) (.059)(.821) (.059X.179) (.9>tlX.b21) (.9*H)(.179) 

6 (.667)(.5oU) ( .667X.W6) (.333X.581*) (.333X.>H6) ( A 2 1 X . 500) (A21X.500) (.579)(.500) (.579X-500) 

7 (1.000) (.000) (1.000) (1.000) (.000) (.000) (.OOCX1.000XA56X.OOO) (A5J)(l.O0O)(.51f2)(.0CO) (.5>*2) (1.000) 

0 ( . 267X.W7) ( .267X.533) ( .733XA67) ( .733X.533) ( .663X.362) (.663X.638) (.337X.362) (.337X.638) 

9 ( .320X.600) ( .320)( .320) (.6b0)(.600> (.6S0)(.320) (.26IX.V+3) (.261X.557) (.739)(.M»3) (.739X.557) 

10 (.77&X.556) ( . 77o) ( .Wf) ( .222X.556) <.222)( .Wt) < . ia7) (Aoc) (A17X.600) (.5S3XAOO) (.583X.600) 

•un 1.900279 3.160721 2.>*687a 2 .^2279 1.39399 2.59*701 2.76901 3.21999 

San .191 .316 .2^7 .2>*6 .139 -?60 .279 .322 

39 

( 1 - ^ X l - y . , ) ( l - z 1 ) y 2
 z ! ( l - y 2 ) V 2 

(.317)(.36?) (.317)(.633) (.683)(.367) (.683)(.633) 

( .260XA77) (.260X.523) (.7>«»(A77) (.7MOX.523) 

(.500X.O2O) (.500)(.980) (.500)(.020) (.500X.980) 

(.l>f9)(.250) (.1>+9X.750) (.851X.250) (.851X.750) 

( .076XA12) (.076) (.588) (.92*0(. ' t l2) (.92"t)(.588) 

(.167X.261*) (.1-67X.736) (.833)(.26»t) (.833X.736) 

(.000)(.029) ( .000)(.971)(1.000)(.029)(1.000)(.971) 

(.278) (.205) (.278X.795) (.722) (.205) (.722X.795) 

(.2O0)(."t35) (.200)1.565) ( .800XA35) (.800X.565) 

(.200) (.250) (.200) (.750) (.800X.250) (.600) (.750) 

.556999 1.590001 2.152001 5.700999 

.056 .159 .215 .570 

( l - w 1 ) ( l - w 2 ) ( l - w 1 ) » 2 w ^ l - i ^ ) w-jW,, 

.2O8X.23I*) 

.070)(.21a) 

.Mf5)(.o^5) 

080)(.390) 

.236)(.221) 

• 072X.108) 

125X.032) 

.MtO)(.228) 

256)(.l+6i*) 

.0U6X.023) 

.399251 

(.208)(.766) 

(.070)(.782) 

( . ^ 5 ) (.955) 

( .080)(.610) 

(.236)(.779) 

( .072X.892) 

(.125X.968) 

(.MfOX.772) 

(.256X.536) 

(.0>*6)(.977) 

1.57«7l+9 

(.792X.231!-) 

( .930X.218) 

(.555)(.0"*5) 

( .920X.390) 

(.761tX.221) 

( .928X.108) 

( .3 5X.032) 

( .560)(.22b) 

( . 7 > ^ ) ( . W 0 

(.95>O(.023) 

1.5637^9 

(.792)(.766) 

( .930X.782) 

( .555)(.955) 

( .920)(.610) 

( .76^)( .779) 

( .928X.892) 

( .875X.968) 

(.560)(.',7-2) 

( . 7 ^ ) ( . 5 3 6 ) 

( .95^)(.977) 

6A58251 

.0M0 .158 .156 .bh6 



Table II.-

Lalculated Joint Probabilities froa Observed Data Tor Guae Leader, as defined 
by the Transition .tetrix of Figure 3 on page 31, for tach i'air of .layers 

otparately and also the Average Values for the knole Group (N*10). 
(The lstters x, y, z and vr are defined on page 29s the digits 

1 and 2 refer to the two players.) 

-air 
So. (l-xj^Xl-x^J (l-x^xj x1(l-x2) Xjx? (1-yj^Xl-zj) (l-y1!i2 yx(l-z2) yj«r, 

11 ( . '50X.C00) ( . r5C)(l .orcX.C50X.OCO) ( .OSOU. . - cX .311X.3~2) (.311X.67&) (.6a'3)(.322) ( .6a9)( .6"o) 

i : (.715X.1>«3) (.715X.o57> (.2b5)(.l1<3) ( . ' J5X.857) (.CCO(.6?3) (.or. ) ( .377X1.000X.623X1.000)( .37,) 

13 ( .500X. rori ) (.500X1.OOOX.500X.000) (.500X1.0C0XAl7)(.331») ( A l / X . 6 6 6 ) t5«3)(.331») (.583X.666) 

A ( .125X.125) ( .1 .5X.O-5) ( . a ' 5X .125 ) ( .o-5)( .o"5) (.355X.223) (.355X.777) (.6W5X.223) (.6W5X.777) 

15 (.3»"->(.3'?> ( . 3 ^ ) ( . 6 o a ) <.652)(.3"'2) ( .65 )(.60o) (.1C2X.112) ( . l C ' X . t b a ) ( . b ^ X . 1 1 2 ) (.896X.000) 

16 ( . 5 "2 ) ( . . 15 ) ( .572)(.7»5) ( A . a X . 15) (A?o)( .7o5) ( . 0 I6X.09D (.816X.909) (.18>»X.091) (.18VX.9C9) 

1 ' < l . t o r ) ( . ' i i r ) ( i . n o o ) ( 1 . 0 0 0 ) ( . ( o r X . o c n ) ( .000)(1.00c)( .167)( .000) ( . l67Xl.cooX.a33X.OOO) (.833X1.000) 

X 1.539X.C /?) ( .539X.923) ( A 6 1 X . 0 7 / ) (.W61X. ,3) ( . . 3 7 ) ( . ( . < ) ( . - 3 , H . ^ t > ) (.763X.C72) (.763X.920) 

19 ( .5<v>( . -" > ( . 5 ' r ' X . 7 7 0 (.5O0)(.22b) ( .500X.772) ( . ^ l X ^ ) (.V-o.M.655) (.509)(.3>»5> (.50 X.655) 

_! (A25X.V05; ( . ^ 5 X . 5 1 5 > ( .575XA85) ( .V /5X.5U) (.565X..-5H) (.565)(.750) (A35X.250) (A3;<(.75i.) 

iua ."3-t;>t <<.935106 .936106 3.399a9't . 319"1* 2.729026 1.6<KX>26 "t.898971* 

teen .0-"t A93 .093 .3>»0 .073 .?73 .16** A90 

( L ^ X l - y j ) 

(.733X.271) 

(.0M»)(.2OO) 

(.33"t)(.01>t) 

(.556)(.226) 

( .973X.8>0 

(.5>*6X.076) 

(.OOOX.167) 

(.215X.606) 

(.3^5)(.302) 

(."»65X.291) 

1.5751^3 

.157 

( l - s 1 ) y o 

(.733X.729) 

(.0M»)(.800) 

(.33VM.986) 

(.556X.771*) 

(.973X.151) 

(.5^6)(.92'») 

z i ( l - y 2 ) 

(.267X.271) 

(.956)(.200) 

(.666) (.01»t) 

( .WfX.226) 

(.027)(.6>»9> 

(A5it)(.076) 

* i y 2 

(.267X.729) 

(.956)(.800) 

(.666X.986) 

(.Wt)(.77*t) 

(.027)(.151) 

(ASWX.'-A) 

(.000) (.833) (1.000)(.167X1.000) (.033^ 

(.U5)(.391*) 

(..3**5)i.W) 

(."»65) (.709) 

2.635857 

.26>> 

(.7o5)(.6c6) 

(.655X.302) 

( .535X.29D 

1.W2685 

• 1W3 

(.785X.391*) 

(.655X.698) 

(-535X.709) 

W.3621^3 

A36 

(1-wiXl-wo) 

( . >»C)(."8C) 

(.CaX.663) 

(.31* )(.033) 

(A33X.135) 
( . 6 1 6 ) (,>m . 

(.393X.233) 

(.orsK.OW.) 

(.2^3) (.262) 

(.303X.219) 

(.Mt X.260) 

.9061*60 

s a 

(l-wi)wp 

( . A 0 X . 2 2 0 ) 

(.0>.1X.337) 

(.3"*2)(.967) 

(A33)( .865) 

( .616)(.538) 

( .393X.767) 

(.(,?..)<.•> 56) 

( .A3X.738) 

( .303)(.781) 

(.M»J)(. 'he) 

2.17^5,• 

. 217 

w i d - w .)w 

( . 7 6 0 ) ( . 7 8 0 ) 

( . 151 ) ( . 663 ) 

(.658) (.033) 

(.567X.135) 

(.3-><X.>f62) 

(.or.") (.233) 

(.972)1 .CM*) 

(.757) (.262) 

(.697X.--191 

(.55o>(. 6(0 

-.I0W5U 

. ' I k . 

w l w 2 

( . fc( ) i . J'""' 

( . o j ' ) ( . 33<) 

( . 6 5 o ) ( . i 6 7 ) 

( . / ' ) ( . o 6 5 ) 

(.38*0 (.533) 

( . 0 - ) ( . 67) 

( . \ ? ) ( . " 5 t ) 

( . 7 5 V ) ( . , 3 . J 

( . 6 4 / ) ( . ; u i , 

<.55oX. •.'" 

k.73kh& 

.V" i 

http://-cX.311X.3~2
http://l67Xl.cooX.a33X.OOO


Table III.- 1+1 

Calculated Joint Probabilities from Observed Data for Game Hero, as Defined 
by the Transition Matrix of Figure •+ on page 32, for Each Pair of Players 

Separately and also the Average Values for the Whole Group (H'10). 
(The letters x, y, z and w are defined on page 29; the digits 

1 and 2 refer to the two players.) 

Pair 
So. 

21 ( 

22 ( 

23 ( 

?k ( 

- 5 ( 

?6 ( 

-7 ( 

v ( 

29 ( 

30 ( 

aura 

itean 

x l x 2 

.712)( .9"*6) 

. 7 8 9 ) ( . 7 3 6 ) 

•90W)(.931> 

. 5 0 0 ) ( . 2 5 0 ) 

.660)( .5>+7) 

. 9 2 0 ) ( . l A O ) 

i j U - x ^ 

( .712)( .05>+) 

( . 7 8 9 ) ( . 2 6 " t ) 

( .9O"»X.069) 

( . 5 0 0 ) ( . 7 5 0 ) 

1660) (."+53) 

( , 9 2 0 ) ( . 5 6 0 ) 

. 2 6 > O ( 1 . 0 0 0 X . 2 6 > O ( . 0 O 0 ) 

. 8 1 0 ) (.681+) 

.90V)( .71 '«) 

. 8 5 5 ) ( . ^ 7 ) 

h.8323U1 

.1+83 

( . 8 1 0 ) ( . 3 1 6 ) 

( . 9 0 » f X . A ) 6 ) 

( . 6 5 5 ) ( . 5 5 3 ) 

2.1+85619 

.21*9 

a-x1)xz 

( . 2 a a x . 9 W ) 

( . 2 1 1 X . 7 3 6 ) 

( . 0 9 6 ) ( . 9 3 1 ) 

( . 5 0 0 X . 2 5 0 ) 

(.3 l+OX.51»7) 

( . 080) ( .MtO) 

( l - x 1 ) ( l - x 2 ) 

( . 2 b 8 ) ( . 0 5 V ) 

( . 2 1 1 X . 2 6 " . ) 

( . 0 9 6 X . 0 6 9 ) 

( . 5 0 0 ) ( . 7 5 0 ) 

( .3"+0)(A53> 

( . 0 8 0 ) ( . 5 6 0 ) 

( . 7 3 6 X 1 . 0 0 0 ) ( . 7 3 6 ) ( . 0 0 0 ) 

( . 1 9 0 ) ( . 6 8 » 0 

( . 0 9 6 X . 7 1 M 

(.1W5X.M+7) 

1 .862619 

.186 

( . 1 9 0 ) ( . 3 1 6 ) 

( . 0 9 6 ) 1 . 2 8 6 ) 

(.1>+5X.553> 

.819381 

• 0B2 

y x * 2 

( . 3 3 3 X . 9 9 0 ) ( 

( . 0 7 6 ) ( . 3 0 0 ) ( 

( .881+)( .705) ( 

( . 0 1 0 ) ( . 0 2 0 ) ( 

( .636X.W+0) ( 

( . 9 2 3 X 1 . 0 O 0 H 

( . 0 0 0 ) ( . 9 9 * 0 ( 

(.00O)(.6>+5) ( 

( . 0 1 1 ) ( . 0 5 6 ) ( 

( . 9 2 3 X . 5 7 1 ) ( 

2 .706379 

.271 

y j / l - Z j ) ( l - y ^ i j ( l - y 1 ) ( l - x 2 ) 

• 3 3 3 ) ( . 0 1 0 ) ( . 6 6 7 X . 9 9 0 ) ( . 6 6 7 ) ( . 0 1 0 ) 

. 0 7 6 X . 7 0 0 ) (.92"+)(.3O0) (.92"+)(.7O0) 

.881+X.295) ( . 1 1 6 ) ( . 7 0 5 ) ( . 1 1 6 X . 2 9 5 ) 

• 0 1 0 X . 9 8 0 ) ( . 9 9 0 X . 0 2 0 ) ( . 9 9 0 X . 9 8 0 ) 

. 6 3 6 X . 5 6 0 ) (.36>+)(.M+0) ( .36VH.J8O) 

.923X.O0O) ( . 0 7 7 ) ( 1 . 0 0 O ) ( . 0 7 7 ) ( . 0 O 0 ) 

.000) ( . 006) (1.000)( .9»>+) ( 1 . 0 0 0 ) ( . 006) 

. o o o ) ( . 3 5 5 ) ( l . o o o ) ( . 6 i » 5 ) ( i . o o o ) ( . 3 5 5 ) 

. 0 1 1 H . 9 V + ) ( . 9 8 9 ) ( . 0 5 6 ) ( . 989X.9M+) 

. 9 2 3 X A 2 9 ) ( . 0 7 7 X . 5 7 D ( . 0 7 7 X A 2 9 ) 

1 .089621 3.01"+621 3 .189379 

.109 . 301 .319 

V2 * l ( 1 - ' r 2 ) 

( . 2 7 7 X 1 . 0 O 0 X . 2 7 7 X . 000) 

( . 9 7 1 ) ( . ° 3 0 ( . 9 7 1 ) ( . 0 6 2 ) 

( .6V7X.38W) ( . 6 V 7 X . 6 I 6 ) 

( . 9 6 8 X . 9 7 8 ) ( . 9 6 8 X . 0 2 2 ) 

( . 3 6 0 ) ( . 5 2 7 ) ( . 3 6 0 X A 7 3 ) 

( . 8 3 3 X . 0 5 1 ) (.833>(.9>+9) 

( 1 - z ^ y , ( 1 - Z j ^ X l - y , ) v x v„ 

( . 7 2 3 X 1 . 0 0 0 X . 7 2 3 X . 0 0 0 ) ( . 0 0 0 X 1 . 0 0 0 ) 

( . 0 2 9 ) ( . 9 3 8 ) 

( . 3 5 3 X . 3 8 M 

( . 0 3 2 ) ( . 9 7 6 ) 

(.6>+OX.527) 

( . 1 6 7 X . 0 5 1 ) 

( . l V + ) ( . 0 O 0 ) ( . 1 M + X 1 . 0 0 0 X . 8 5 6 X . 0 0 0 ) 

( 1 . 0 0 0 ) ( . 9 0 7 X 1 . 0 0 0 ) ( . 0 9 3 ) 

( . 9 8 8 X . 9 8 8 ) ( . 9 8 8 X . 0 1 2 ) 

( . 8 5 7 X A 3 2 ) ( . 8 5 7 ) ( . 5 6 8 ) 

' "+.868521 2.176V79 

. W 7 .218 

( . 0 0 0 ) ( . 9 0 7 ) 

( . 0 1 2 ) ( . 9 8 . ) 

( .1>+3XA32) 

1.336W79 

.13W 

( . 0 2 9 ) ( . 0 6 2 ) ( . 5 0 0 X . 2 5 0 ) 

( . 3 5 3 X . 6 1 6 ) ( .500X.1+001 

( . 0 3 2 X . 0 2 2 ) ( . 1 W 2 X . 8 5 7 ) 

( . 6 I + 0 X A 7 3 ) (A76X.5>»7) 

( . l67) ( .9"+9) ( .692)( .38>+) 

( . 8 5 6 ) ( 1 . 0 0 0 ) ( . 0 0 0 ) < . 0 0 0 ) 

( . 0 0 0 X . 0 9 3 ) ( . 8 5 7 ) ( . 5 7 1 ) 

( . 0 1 2 X . 0 1 2 ) ( . 5 0 0 ) ( 1 . 0 0 0 ) 

( . l > + 3 ) ( . 5 6 8 X 1 . 0 C O ) ( . 5 0 0 ) 

1 .618521 2.W6211+1 

. 1 6 2 ,2>+6 

wj^d-w,) 

( . o o o x . 0 0 0 X 1 

( . 5 0 0 X . 7 5 0 ) ( 

( . 5 0 0 ) ( . 6 0 0 ) ( 

( . l" t2 ) ( . l l »3 ) ( 

( A 7 6 X A 5 3 ) ( 

( . 6 9 2 X . 6 1 6 ) ( 

( . 0 0 0 X 1 . 0 0 0 )a 

( . B 5 7 X A 2 9 ) ( 

( . 5 0 0 X . O O 0 ) ( 

( l . o o o i ( . 5 0 0 ) ( 

2.20W659 

.220 

( 1 - V j ^ ( 1 -

. 0 0 0 ) 1 1 . 0 0 0 X 1 

. 5 o o ) ( . 2 5 o ) ( 

. 5 0 0 X A O O ) ( 

. 8 5 8 X . 6 5 7 ) ( 

.52'+X.5 l+7) ( 

.308) ( .3810 ( 

. 0 0 0 ) ( . 0 0 0 ) (1 

.11+3X.571) ( 

. 5 0 0 x 1 . 0 0 0 ) ( 

. 0 0 0 ) f . 5 0 0 ) ( 

3.C+6659 

. 3 0 5 

-w 1 ) ( l -w r , ) 

. O O O X . w ) 

.5f ) ( . 7 5 ) 

. 5 0 0 ) ( . 6 0 0 ) 

.858) ( . l>+3) 

. 5 2 l + ) ( A 5 3 ) 

. 3 0 a ) ( . 6 1 6 ) 

.COO) ( 1 . 0 0 0 ) 

. 1 M X A 9) 

. 5 0 0 ) ( . 0 0 0 ) 

tnrr) ( . ^ i \ 

2.2J61'H 

. ? ' 9 



T a b l e W . -

i - a l c u l s t e d J i n t 1 - i o b a b i l l t l e s from Observed a t e f o r Game fertyr. a s Def ined 
by trie T r a n s i t i o n a t r i x o f F i g u r e 1+ on page 3 2 , f o r „ s c h n , l r of P l a y e r s 

s e p a r a t e l y and a l s o t h e Average V . l u e s f o r t h e i/hole Group (N=10) . 
(The l e t t e r s x , y , z ana w a r e d e f i n e d on page 29; t h e d i g i t s 

1 and 2 r e f e r t o t h e two s u b j e c t s . ) 

XjX2 x 1 ( l - x £ ) ( l - x 1 ) x 2 ( l - X j ) ( l - x 2 ) y 1 z i , y 1 ( i - z 2 ) ( l - y ^ g ( l - T i X l - Z j ) 

31 ( 

32 ( 

33 ( 

3>+ ( 

35 ( 

36 ( 

37 ( 

3^ ( 

3 - ( 

) 4 c f 

.o o ) ( 

. ' 5 3 X 

. w ^ l l 

.1 J ) ( 

. « ?>( 

.611+) ( 

. uK 

. >i3X 

. o l 7 ) ( 

.-!')( 

3 3 ° ) 

623) 

MO 

. 2 3 ) 

667) 

7 3 2 ! 

662) 

- - - ) 
663) 

- a o ) 

( . 0 ' J ) ( . 6 6 1 ) ( 

( . 7 5 3 K . 1 ) ' 

( . 6 5 6 ) ( . 0 5 6 ) ( 

( . 6 a X . l a o ) ( 

(.r> 9 X . 3 1 3 ) ( 

( . . ,11+X.rCd) ( 

( . J 9 X . 3 3 - ) ( 

1 . i » 3 ' ( . C l t ' 

( . o l - ) ( . 3 3 / ( 

( . 6 1 ) ( . ? " • ) ( 

102) ( 

- 7 X 

1 i+X 

3 " 2 M 

r I X 

1 J X 

o)( 

' • " ) ( 

1 * ( 

l « X 

• 339) 

. u ' j ) 

. 1+ ) 

. 820) 

. 66 ) 

. 7 3 ) 

. 662) 

. IOO) 

. 6 6 , ) 

. i-O 

( . 1 0 2 ) ( . 6 6 1 ) (.75>*X.65>+) ( 

( .21+7X.177) ( . 7 5 ( ) ( . c i - o ) ( 

(.11+1+)(.056) ( . 6 1 5 ) ( . 5 0 0 ) ( 

( . 3 7 2 X . 1 B 0 ) ( . 5 0 6 ) ( A 7 0 ) ( 

( . 0 2 1 ) ( . 313) ( 1 . 0 0 C X . 0 0 0 X 1 

( . l o o X . ^ d ) ( . 5 l H ) ( . 7 1 1 ) ( 

( . S . i X . 3 3 » ) ( . 3 o ) ( . 6 5 5 ) ( 

( . 0 5 7 ) ( . >12) ( . 2 5 0 X . -1+1+) ( 

( . l ^ X . 3 3 7 ) ( . -1+3)(.812) ( 

( . 1 9 0 ) ( . 2 ^ ) (.6»+l) ( . 7 1 8 ) ( 

. -51i)(.3'+6) ( . 2 W ) ( . 6 ! W 

. 7 < ( ) ( . » J ( . 2 5 O ) ( . 8 O 0 ) 

. 6 1 5 ) ( . 5 0 0 ) ( . 3 8 5 X . 5 0 0 ) 

. 5 0 6 ) ( . 5 3 0 ) ( A 9 2 X A 7 0 ) 

.<(» X I . XT) ( . 0 0 0 ) ( . 0 0 0 ) 

.5 1 +1X.289) ( A 5 C " ) ( . 7 U ) 

.736X.31+5) ( . 26 i+ ) ( . 655 ) 

.250) ( . 0 5 6 ) ( . 7 5 0 X . 9 W 

. V j X . i o o ) ( . 0 5 7 ) ( . 8 1 2 ) 

. fai+lX. J2) ( . 3 5 9 ) ( . 7 1 8 ) 

(.2>+6) (.31+6) 

( . 2 5 O ) ( . 2 0 O ) 

( . 3 8 5) ( . 5 0 0 ) 

( A 9 2 X . 5 3 0 ) 

( . 0 0 0 X 1 . 0 0 0 ) 

( A 5 9 X . 2 8 9 ) 

(.26>+)(.31+5) 

( . 7 5 0 X . 0 5 6 ) 

( . 0 5 7 ) ( . 1 8 8 ) 

( . 3 5 9 ) ( . 2 8 2 ) 

auin 6 .09C761 2 .117 3 ' l . j ' / 2 3 .1+1+1+761 3 .96B06I ? w ( " 9 3 ' 2 .295939 .966061 

esn .604 . 2 1 2 . 1 3 ; .01+1+ . 3 9 , _ 2 7 y i 2 2 9 . 097 

1+2 

«jy2 i j U - y j ) ( l - z 1 ) y 2 U - Z j X l - y ^ 

(.580)(.698) (.580)(.302) (A20X.60B) (A20X.302) 

(.333)(.1*61+) (.333)(.536) (.667XA61+) (.667)(.536) 

(.687H.769) ( .687X.23D (.313X.769) (.313)(.231) 

(.970)(.322) (.970)(.678) (.030)(.322) (.030)(.678) 

1.000) ( . 291) (1.000) (.709) ( .000X.29D (.000X.709) 

(.M+0X.916) (."iJW)(.06l+) (.560X.916) (,560)(.08l+) 

( .655)(A73) ( .655X.527) (.3!+5XA73) (.3>+5X.527) 

(.666)(.500) ( .666X.500) (.33"O(.5O0) (.33I+X.500) 

(.937)(A6>0 ( .937)(.536) (.063X.1+61+) (.063X.536) 

(.512)(.6>+1) (.512X.359) (AaaX.61+1) <Aos)(.359) 

V 2 V 1 '* ! 1 (1"wl)v2 (l-«1)(l-«2) 

(.000) (.210) (.00C)(.,">c) ( 1 . T O ( . 2 1 0 ( 1 . o c o X . 7 - 0 ; 

(.3C X.262) (.309) (.738) ( .691X.262) ( .691X.733) 

(.353X.176) (-353X.821+) (.6I+7X.I76) (.6I+7X .82i+) 

(.862)(Al+8) ( .862)(.55?) (.138)(.'+i+8) (.138) (.552) 

(.000)(.000) ( .000)(1.00C)(1.000)(.000)(1.000)(1.000) 

( .000X.580) ( .000) (A20K1.000X.580X1.000) (A20) 

(.6i+5X.35>+) (.61+5)(.61+6) (.355X.35I+) (.355X.61+6) 

( .000) (1.000) (.000) (.000) (1.000X1.000) (1.000) ( .000) 

(.777X.555) (.777>(A»+5) ( .P23X.555) (.223)(Ai+5) 

(.51+5X.363) (.5"+5)(.637) (A55X.363) (A55X.637) 

3A9981 3.28019 2.03619 1.18181 1.386662 2.101+336 2.561338 3.9!+7662 

.350 .328 ;20t+ .118 .139 .210 .256 .395 



naamtta Aau VmmAW* **3 

transiticn Probability %trlees P far Oeses Exploiter aoD Load 
as aivea by the Average falues ef tables t sal IX* aa$ for 
Qeaas ii©ra and .ŝ rtvr as Ulvea tar tha ******• V*ltt*a of 

tables XII * j * V$ (mm), 
(k cell eatry gives tim joint **tot*&illtgr of foiAg fro* th© 
atata expressed by the row to tha stst® «*q*,****d W *ae 

oola*iu) 
•Wmmie'WMiwi mmm*mitm<mmm*mmmm+i0m 

Stat* AA 

.191 *31& .&*? *JM 

.139 .26C «??9 *322 

.05^ *15^ -«L5 .570 

.€&€ .13» ,156 .6%6 

£t*t* 

AA .0?** .**$3 *C93 *3j 

.073 *2?S *X#* ***; 

•15? **6% *1*0 *^36 

•091 .21? .213 *%?3 

Stat* AA AB M 

AA *MI| *2*fO .1M *0&2 

,271 *109 .301 .319 

•M*7 .218 .13** »16a 
BB * ^ .220 ,305 *aa9 

Jyto. 

*#£>̂  . a s .135 *0Mi 

*ir; *&?? ,2m *C9? 

*35& .321 ,80^ *11S 

•139 .210 *25& *3$5 
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Comparison of Qa**;r*ad anS ?r*dlet*€ &i*trltoatl*i& of th* F#nr 
Oatooa** for Such of to* Qua** Over ^00 d******!?* Trials* 

(Si*© aata ar# gi ta* i a prqportloa*,* 
urn mm mm mm nm i mm n mi »i ni.ii n nmun ,i ».i.n . ni.ni.i.iiiminmi.w.a.n.iirj... 

tfmm 

Exploiter 
*0o& «189 *$©f *5' 

ftr*6i«taa (•<,) .073 »1*9 * W *" 

loaSor 
0fc»rv## ,07? *2#5 ,18$ *M*9 
Fr«Mfiat«S <*} ,09* •3»7 *X?S *%5$ 

l*ro 

^ir^r 

a •101 .316 *32§ *df; 
Protfiata* ( * ) *lf l *20$ .3HL* .17 

* W *23$ *152 .3 
td ( « 0 J*f? m»9 *Xm ,160 

>»»««»»I»»»«»»I««»WIM«»W»»I««»»MI>W«<««««»M>I»I««««»IWII«I nm mini niMnimiiiii ••mmmmmmrtrmmmmmmmm'mimmmmmmmim^t 
i*m***r~——mmmmmmm*»lm*m*m*—mmMhA i nnniiniiimiiiiimimiii nun •nun ILIHII <immmmt»mmmmmi»mmi¥mmmmM mtmmtmmummmm 

• faa obsarvwd prosortioa* wa» ealoutlatoa tyr oomt-
lag the actual niEab&r that *&«fe oat^oa* occurred l a 200 
successive t r i a l s^ taa aradletao proportions v«r® «alc*l*t*4 
fe^ oompatiat th* stat ionary aroi»a&illtsr wotor <*• foJr aaeh 
transition, matrix. 
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raaal ta ©teoafly support th® coaaluaioa that Bapoport's lof l* 

aally «S«iaoa!t aotivos d^tarala* th* ©v#rt b*ha*iour of th* 

planar** 

X& pa® Haro, i t wa* not possible to prwSlot th* %®m 

bahicvlotir froa tha asotivatiostai wstrlx <3«fiiti&*; tha psychologi­

cal ^ a s s u r e s * " th® rolat ivaly larg^ &i$ar*fm&cy s*tv*an tha 

araMotaQ" &is& ob®*rv*d diitrlhatloxut 1@®$* to th* hypothesl* 

of a isor* canplicat** aotlaatloaAl proo@s& uaoarlylag th* aaa* 

baoaviour than Ea^oport *» aaggoatisd Motivational polari ty f 'to 

switch or net to aid tea" Trass th* kk ©ut«o«®* Wtm Xaal* VX* 

i t l a aaaa that th© Br*dl«t«4 proportion* ar® high** thaa th* 

©feaervai proportion® for th* AA mM IB auto*****, aai are Xowr 

thaa th* obaormkd proaortioas for the AB and B4 otttco***. A 

p#s*ihl# reason for th l* ®i&er«i©&agy oottl*' hav* to*** $u© to 

l a t amot ioa *ff«eta *M l&ofe of ia9*9*B0«aa« aaosji th* x* y* 

a aiaa ¥ var iables , laaaiag te esir&rl&p i s d*t*r*Xniag p&rileniar 

XB orfar to fiad tl*l* o*«t* ^ natrloa* naaauriag tha 

t o t a l dwl&tion fro® aqulllbrlua durirtj fch* history of th® 

ohalu mt® caloulataa' f*o* vhloh varlana*-'0ovart*iio« watrlc** 

«ool4 o* $#r lw$ for th* original *> aatrlc*** Xh*** aatr ie** 

ara a****4&t*« i a fatelos VXX awl VXXX* r««p«stl¥#ly# Pro* tha 

varia«»~©o«rla»«* saatrieo® of Xabl* VXXX, 11*1 t&ng eorir#la~ 

t loa* ¥*r* oiXe&lataa fa* th* i&fflJ»r of tlaft* th* x* y * a an* a 

*j>r«***r** fa r taa la t dat#r§iift#<i th* transition, of th* 
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Xfeble VII.-
FaMaaeatsl /*trle«* X for th® Four fe»a Calotlataa' fro* Sh*lr 

H^gpsetlv* "Praasur** transition Probabilities of t&hXm ¥ 
by M*aas of iquatiea o oa Paga 33* 

WTTTt"^^mrT*«sWTTiTnwi»»WTnff»rltWraVs^ Mit^mmrtm^^tiim(^Mimmim»^iamt»i^Mkim-*mMWmimmm^i-i\imimm^t^^^Mtti{MMit»tm\tmtiii • •».*n—»irta—>**r».*»»«**wfci mi I H H I I H . I I W . M -

Mtallftr 
Stat* AA AB BA BB 

AA i # i j » ,17a *09** ~***a? 

AB ,&4S i.O»7 .111 -.300 

BA -.029 -*$3? 1*013 *0**5 

BB ,017 - .0^1 ~*C52 1*135 

*t*t* AA kB M W 

Aa 1*1©1 *0**e -,037 *#099 

AS - a > « *m? #cso ,15* 

BA .Of 3 .012 .921 **©17 

B® • . !** *00o *0f3 X#©7$ 

•WW*** iJ»»t>*»»?*ii*>»«>W»*»»W»»*i^^ 

otaU' AA 4B S* BB 

AA *vof .sa5 -.007 ~*ixi 

m -,023 .9911 - . o n .032 

B4 ^05^ .012 *09^ - .032 

BB -.001 -*0C* *€&0 1,007 

14/Itftf?r 

&tata 14 AB I* BB 

AA 1.233 -»£&? -.07© **U1 

AB -.076 1.037 .05^ **009 

BA ~*1**5 *O90 1.035 #0^5 

BB ~*55? ~.0$* *1351*V5» 
aasase ««• ssas 

http://ihhiih.iiw.m
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febl* TXXX.-

yariaaoo-Covariasie* fetrlea* & for th* I4alt l i ig Ifwafear of Xt*ai 
i a £*** Stat* for th* Four %n#® a* D*t*r*ta*4 by *h*ir 

Raspaotiv* **Pr«**ttr*n Traaaltlon Probabil i t ies of 

State AA AB BA BB 

kk .091 ,015 -.013 -.C16 AA . 0 0 1 - , £ 1 0 - . € 1 5 -*055 

AB , 0 1 5 »190 -*CQ -*1B1 AB -,010 .195 - * 0 ^ -,116 

B4 -.013 -.023 *X&3 -»ia* B4 -*0i5 -,ei»8 ,132 -#< 

BB -.016 - ,101 -,126 .39** BB -*&55 - . 1 1 * -.069 *S»55 

Stat* AA 

AA .320 -.096 *,oat ~.13*> AA ,i*6X -*X$3 -*l»*3 -*X61 

AB - * 0 9 6 *126 - , 0 2 5 - . 0 3 3 AB - , 1 3 3 . 2 0 5 - . C 0 6 - . 0 3 2 

BA - . C v 2 - . 0 2 5 *13& -*026 BH *,H*3 - , 0 1 6 , 1 * 3 - , 0 0 1 

- . 1 3 & -*O03 - * 0 2 o . 170 BB -*lo l -,032 -.001 ,196 

* lb* «* * t a t r l aa glvo tha H a l t i n g eo^wiaao* for 
gasabar of tl*#a In gtatos *i m® u$ l a 200 t r i a l s 1 tha $ i i 
anir l** giva th* H a l t i n g v a r i a n t for th* wssbor of tis&as i a 
• t a t * *i» Xhese *ywfeaX* have ba*n previously 4*fi&*6 t>y 
#«taatiom# (?) and w ©a pag* 3*** 
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gaasa-playiac prooaa* fro* oa* s ta te (outon**) to aaotaar, 

fhas© earrolatlon* *r* pr*s«at«4 l a Xabl* XX* Fron th i s 

t&bl* i t i s r#a^ily ssan that tha "prossur**' variables ar* 

r e l a t ive ly lmt#p«ssi«&t, showing no ovarlap («xo«pt for on* 

m U posi t ive correlat ion botwcon M and AB te gmm 

ixplaitar)*. bat rathar substantial "praisurlag* *ffoots i a 

tha «xpaet®d dllreotion*, Oa th* bnsi* ©f th i s lafatsatlon* 

i t ***14 ***m tha t tha failar© of th* aodal to araalot bo-

havioar l a gas* tlaro i s not &vm to l a A of lna*p*ndone* in 

th* !'pr®s6ure,: parameters of the asodel. 

Oos possible oxpl&oation of th® rasul ts obtained Tor 

Hero could perhaps be that one or a l l of th* x* y, s $si*S v 

variables s « subi«et to l*arnlng* Sine* th* sot!*! dJJ not 

t&k* 1©arming into eonasidar&tioo-, i t tharofor* gre*sly und^r-' 

•stiaatiM! tha AB ®n& BA oiztooae®* ami overestimated a® &a$ BB* 

I t voulB* n***rth*l*ss,t be d i f f i cu l t to answr irtiy * learning 

variable nasds to b# lntrodu*«4 into the nodal as an added 

p«ra»^t@r In ©rct#r to explain ti»e bahaviour for th i s part icular 

gs*a situation^ ano not for trie othar «. u'*** In any oas*«lt 

woulo involve & p*r»a*trle study waica 1* b*yon£ th* scope 

of th* pr«@nt oasiga* I t I s £ugg*st«<t aare a* a vorthwhil* 

a i roet ion i a which to expand th* pr«»*nt stady. 
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Hstrie** of l l * i t l n g c w r elation* for th* taab#r of Slaes in 
Stat©* s i and *j for th* Four Oaaos CmienXat#& fro* Shalr 

Corresponding c fetrlc** of fable VIII by th* #O**U1A 
Glvon on i*ag* 3^* 

Stat* 

AA 

AB 

BA 

AA AB BA BB 

.Xlh -.107 -.322 

-.130 ~*6o.& 

•^iiay 

Btata 

AA 

AB 

BA 

AA AB BA BB 

- . 0 7 9 - * 1 * 5 -*3&3 

~*399 - * 5 S 0 

- . 1 7 6 

ttatft AA AB BA BB 

AA -*V;..; - . 3 9 3 - * 5 f l AA - A 3 3 -*5^2 -*53& 

• • 1 9 1 -*020 AB - , 0 8 8 - . 1 6 0 

- . 1 7 1 BA -.006 

m 
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kX®m saawfeat t imilar i i a * s t It&poport mnd Pal®1 

sagge^te©* for th* .1; g*^©, a four-stAto %rkov chain aodel 

•with ono or thei r "state-eondltlon*^ propensities subject to 

laarning. UnfortunaUly, thei r *o4ol 6ii m>% capture th* 

dynamics of the process as %*11 as th* stochastic learning 

aodel o? Bash *ni os ta l lor* awi dates.3 Hapoport &n«? r>aie 

diacov^rad for t*.eir * 3 .tata that a /<srk«v chain vith 

absorbing s ta tes sad/or th* Ba^i-k>»t«ll«r stoehastie le&rnl*^ 

aod^l g&v© the 00 &t f i t s b*tve«n predicted and observed ti*« 

courses of th* outcome*• An on* possible «t©n3i©i* oi" the 

prossat study, i t woulo" b# Interest ing to a t teapt working 

out a isodel for ii<sro vol ah voulc1 combine th* stochastic 

charac ter is t ics of the «gul&r %rkov chain vith the prin­

ciples of tlw BashH^ostttllor laarning modal• 

AS to th* oontrlbution of t h i s stu^y, i t •eeo*aH*h*d' 

th* a las pre»ont«4 in **aipt*r two ttad«r th* foraulstion of th* 

orchidia. I t ?&5tec&d to <ua.ntlfl cation fiapoport's pr*su*«6 

aotive.tlonal oysmmic® underlying th*. overt gaa*-o«haviottr i a 

terms of obssrvabl* data sari* secondly, i t show«d that th* 

affoots 0* th i s pr*-Caclsion*l Motivational pi'oc«*s oan bt* 

1 A# iimpQport &x$ «• !•&!©> *''&»<i3ols for •r iaooar** 
oiie***** £wsfMX:®L MS^mmU.ml layatoXao:? vol. 3» *** 2, 

2 h . a . Bash «n*» P„ JtestaU^r, jELtofihastiit. fladajl* Toy, 
kflUEttte* Wila/t *w Xorfc*. 1955* 

3 w,&« £s t*s , **X*v*rO * Ata t i s t ioa l theory of .Uaimi 
,?,fj,ft»lt*afil ftaylty, ¥oI* 571 1 W , P. 9M.07* 
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adonjuatoly aod«ll*d« as a f i r s t approxlaatloa* by a Hal t** 

stmt© ;%rkov chain aodal, a purely Batheuatlcal dedaotlva 

system. 



SBfcttilX Am OOBaOSXOBa-

In this study, an attwspt was aada to apply th* regular 

,%rkov chain aodol to the underlying latarplay of ssotlvos 

operating in four of Hanapart** swwaty-alg&t aon-aqtslv®X&at 

gsaos. ProSietlons were **d« as to th* overt p3*ylag*b*lwriear 

of th* subjects. 

the pr®sum&a motivational Hpra**ur**1' *•** quantified 

in terms of actual choie** stefi® and outcoaes observed m® 

state-conditioned variables x, y. a and w, forcing a motive-

tlonal aatriit i- with transitional probabillti** p^j (fro* 

state i to stat* j) 11*1 tad by c * PIJ * 1, ami ^hnr« for *«aa 

row of F tho aiai of th* transitional probabilities ataailod 1* 

Assuming that P «&$ a matrix of an #rfo^lc Markov process vhieh 

ttodarll*d th© overt gams-playing b^h&vionr* predictions nort 

mad* as to th* actual dlatrlfeatloa of oatooaas in each goa* 

fey calculating th® Halt ing probabili ty vector << for th* nhata* 

Th* actual ga»-pl®ylag behaviour approximator th* 

predict**! bchavlotir of th® players for gaa*» Rxaloltor, L«*6*r 

ansl martyr, hat th€? players* g*a*-!M&».*iour for 3*ro could not 

b* prodictod fraa th* Markov chain *od«l. I t wis suggest** 

that th* motives op««tlng in iw® war* fflich aor^ complicate 

t^an Baiieaart1* vi*v of a polar *Ypr***ttr**' to saltan or not to 

switch fros th* aatoral oatftoa* of th* gJa»* and that tft# f i t ***• 

taaaa ta* ar«4i©t*4 *&*! ob**rv»*t values aould perhaps be »J?@ closely 
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approximated uy & toodcl which woald coablnc tha stoch*stl« 

eharactar is t lc* of tha reg&lar iterkov cnaln with th® prin­

ciples of too Busn-i'Jo®t©ll<sr learning aodal, Tnla was 

suggosioo" &s a possibi* direction in ¥hicb to #3tpaa<3 tha 

prasoat study* 
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ttanany, 3.G. and J .L. Basil* Pflait* 
van 9oatr*nd, i-rlncaton, tf.J.< 1 W , viii-i>10 p, 

t h i s book provides a fa i r ly oonal«te traataaat* ia 
stagllsh, of th* baslo ic?#as of f l a i t* ifcrtev cviaiaa* i t was 
important for tha pvasent study in providing tJm aathweatlos 
for th* solution of tne probl^s* t h i s book i f basic for tha 
uad©rssi®niing of t h i s branch of *stn«atttles* 

a^poport, A. and H« Guye? • ^4 Taxonoay a€ f*2 Oaaa*** 
fkmml MMm®, vol. 11 * i*6u, ?• :c3-2i»». 

A vary Important th«or«tlcal paper pr*-stinting tha 
$@mLopj«at of & easplafco typology of 2JU? nan-**ro-saa gnaw* 
derived frost g*ae»th*or*tlcal assuKptlons. On th* lsa$i$ of 
th* discussion pr«seat«d h#r®, th* four g*y»s u.s«$ in th* 
stuiy war* chosen for being "psychologically iat*r*»tineV 

Hanoport* A„, "Exploiter, L«s&4«? !£«o and .'artyrt 
Th* Four Arch*typ^s of the && O****," Rmttffi»X, ,^aBfls« 
Vol* 12* tfo. 2* !$€?* p. i l~$*. 

Ia this p®p©r. iispoport give* a thorough s o l v a t i o n s ! 
analysis of th® four psychologically iat*r**tlngh gaaes d i s ­
cussed in ref*ranc* two aoov©.. *£Ls pr**aaed Motivational 
prmtuxatm* operating in «cfe gaa* war* t«*nifXmi*4 into piu?sy»tar& 
of th* flarkav chain **d*l fro® wttlch predictions could b* wtio* 

Bnall* J . L , t ^titoohasti* traces*****' in $»&» Lao** 
H.fi. Basa aad a. Oalantar <ed**Jf JfrMftioafr ,M j % | ^ t t o , l 
?*ychpla*y* Vol. 3 , Chapt*r 20, *il*y* **w *orfct p* ¥11-^5 

This cha»t@r p?**eat* it good $i$mml&n of stochaatlo 
processes aw their application In psychology* part ioularly 
in s t a t i s t i c a l l«*rnlng tfasor/* I t ¥&s important for th* 
ar**ant study in providing a good introduction to th is whole 
topic* 
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MM DATA 



AjrVviiiilA 1 

it a* LWTA 

To f a c i l l t s t * computer analysis of th* data* th* four 

outcomes AA, ABj M and SI were punchod onto IBM cards as 

intagar auahar* 1* *.» 3 and W r*«p*ctiv*ly» forty pairs of 

iubjocts v«r* run for & to ta l of two hundred oosis@outiv^ 

t r i a l s . In th® p&$@s presented her*, dot* set 1 to lc 

eorr*spand* to the ten pairs playing fame* i-xploitar* set 11 to 

£0 to tn® pairs plsylsg gaaa leader, set 21 to 30 to tha 

pai rs playing g&aa Hero &»3 set 31 to **0 to th* tan pairs 

playing gaae *:artyr* Th« consecutive autcoae* observed during 

thm coarse of th* g»®?i$ arts $tw& for *2»ch pair uns©!" th* 

heading ft Input ksta s*«»f* Immediately feelow th i s ar® th* 

t o t a l oaahars of #EC& outers© occurring in th* two nundrad 

t r i a l s run and th* auahar of tl*#* that each outeo»« occurred 

following «*ch ©f th* four passlbl* ***** i raa th**« fr*qa* 

anoias the x» y*. % and ¥ valuas wera ccsapttted nn<$ th* t r ans i ­

t i on isstrleos calculated* 



r t-1- 2 8 • 
IEF28 '> 
I E F 2 8 & 
I E F 2 8 5 
I E F 2 8 5 

_I E F 2_8 5 
IE F~2 b b 
TEF2 85 

-1 ' - F 2 8 5 
1EF205 
$ S T E P 
XXGO E 
XX F lO 1 
XXFTOb 
XXF TC3 

A M . . I . i L l B 
VIII SI > i\IUS= UUHRUM. 

. i Y ^ ^ ' . J H ^ O H . \i 00 0 , FAC 29 6 1 . Gf )S E F 

KEPT 

PASSED 
VUL SLK NUb= L I l i V U L . 
SYS69 0 4 9 . T 1 1 5 9 0 8 . S V 0 O 0 . F A C 2 9 6 1 . R 0 0 0 0 0 1 0 
VUL SER NOS = LIBVOL. 

SYSOUT 

SYS69C4 9 . T L l i > 9 0 8 . R V 0 0 0 . F A C 2 9 6 1 . R0000 011 
VUL SER NOS = L IDVOL . 

_ S Y S b 9 0 4 9 . 1 1 1 5 9 0 8 . P V O O U . F A C 2 9 6 I . LOADSET 

DELETED 

DELETED 
I VUL SER NOS= L I B V U L . 
6 ^ . 0 4 - ) 1 2 : 0 2 : 1 4 . 7 2 F A C 2 9 6 1 LK ED PCJR ED SK I f S .C 
XH£_PG_M_=* • LKE,) . S YSL MQD . COND= ( (4 , LT , FORT ) . (4 , LT , LKE D) ) 
F0 0 1 DD Dl)iMAME=SYSlN 
F 0 0 1 DD SYSOUT = A 
f1 0 01 DP SYbUU 1 =A ,DCB = (REL|- M=FBA,b L K S I 7 F ^ 1 3 3 0 , L R E C L = 1 3 3 ) 

0 0 2 

or 
/ / G O . SYS IN DD * 
I E F 2 3 L I ALLOC. FOR FAC296L 
I E F 2 3 7 I Pl>l = * . D P ON 131 
I E F 2 J 7 1 FT 0 1 FOO'l ON 13 1~ 
I E F 2 3 7 I F T 0 6 F 0 0 1 ON 130 
I E F 2 57 I FT 0 3 F 0 0 1 ON 130 

0 0 3 
C03 
00 3 

DA1A NEXT 

THE F E S U L I S FOR DATA SET 1 

INPUT DATA WAS 

4 4 2 2 3 - t 3 1 3 3 3 1 2 3 2 1 1 2 2 1 3 3 3 2 1 2 3 3 4 4 3 1 1 2 4 3 3 2 2 1 3 3 2 1 1 4 3 321 
22 1 3 ^ 4 3 4 3 4 3 1 1 2 3 4 1 2 1 4 3 4 3 4 4 3 4 4 2 2 2 2 1 3 2 2 3 4 4 4 4 3 2 2 4 3 4 3 4 4 
44 2 2 2 2 4 4 4 4 2 2 2 2 2 2 4 4 4 4 4 4 4 4 2 4 4 2 2 3 2 2 2 2 2 3 4 3 4 4 4 4 4 2 2 1 2 1 2 2 
1 4 4 2 3 4 t 2 2 4 4 4 4 4 2 Z 1 2 3 3 3 4 4 3 3 4 2 2 4 2 4 4 4 4 4 2 4 4 4 4 4 3 2 4 4 4 2 4 4 4 

C 

OCCURRENCE OF 1 IS 22 

~WT OCCUPF Er.CE OF 1 
OCCURRENCE DF 1 
OCCURRENCE uF 1 

FOLLOWED 
FOLLOWED 
FOLLOWED 

OCCURRENCE OF 1 FOLLOWED 

1 
2 
3 

IS 
IS-
I s 

4 IS-

10 
5 rt •A* a 

,%3 
^ z . 

x v =••>'?> 

OCCURRENCE CF 2 IS 60 



iR,C J h i 
UCCUKs 
OCCURR 

1 N v. i 
EIU.L 

f 

uF 
CF 

1 i J rt 1 i i 

i ML LOWED 
' ' i 1 U'l l D 

3 
'+ 

1 S 
I S 
IS rh 

OCCURRENCE OF 

OCCURRENCE OF 
OCCURRENCE 
OCCUKRENCI 
OCCUkRCNCL 

,,5 33 '- .L 

1 - . 4 3 3 

3 I S 41 

OF 
OF 
OF 

3 FOLLOWED By 1 IS 4 
FOLLOWED 
FOLLOWED 
FOLLOWED 

2 IS i 
3 I S 
4 IS 

- 9 
11 

L 17 MS 2 „-"<-* 

OLLURREN'CE or i s 77 

OCCUR Ft NCE 
OCCURRENCE 

OF 4 FOLLOWED By 
OF 4 FOLLO vL'D 

OCCURRENCE OF 4 FOLLOWED 

1 is 
2 1 s 
3 I S 16 

OCCURENCE OF :OLL J1,. LD 4 IS 4S 

l^ - .11 ^ ^-,U 

The RESULTS FcP DATA SET ? 

INPUT DATA WAS 

1444^213 3243 32 242 12 34 44 3442 3 14433244 122 34444444414 
4424^144221444344 43434444444444444444 44444444 44444 
3^444^444-^44 433 444 4444 4 44 444443244332433433212443 
3343 2133233 33334333443343 321434344444 443 14 34333311 

OCCURRENCE OF 

OCCURRENCE OF 
OCCUpRcNCE OF 
OCCURF E -JCE OF 
OCCURRENCE GF 

1 

1 
1 
1 
1 

I S 14 

FOLLOWED 
FOLLOWED 
FOLLOWED 
FOLLOW ED 

1 
2 
3 
4 

I S 
IS 
I S 
IS 

1 

13 / ^r- .7 /^ 

OCCURRENCE GF 2 IS 2 1 

OCCURRENCE (J F 2 FOLLOWED 1 IS 



OCCURRENCh OF 2 FOLLOWED 

OCCURRLNCL OF 2 FOLLOWED 

OCCURRENCE OF 2 FOLLOWED 

S 
I S 
IS Y-ir" rJvs 

OCCURRE MCE OF 3 I S 50 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 
OF 
UF 
OF 

3 
3 
3 
3 

FOLLOW FD 
FOLLOWED 
FOLLOWED 
FOLLOW ED 

1 
2 
3 
4 

I S 
IS 
I s 
IS 

3 
10 

\ lb-
1 2 t - .1VG £ . - "oO 

O C C U R K L N C I OF I s ] 5 

0CCUR R t N C E OF 
O C C ' U K R E N C L OF 

O C C U R R L N C L OF 

OC C U K R t N C E OF 

FOLLOW ED 
FOLLOWED 
FOL LOWEi) 
FOLLOWED 

I I S 
2 IS 
3 I S 
4 IS 

5 

185; 

. 7 ^ 
w i ' - , n c 

THE KLSULTi> t-UR DATA SET 3 

INPUT DATA WAS 

4 3 2 1 ^ 2 H 5 ^22-^42 2 4 4 2 2 4 3 4 2 4 24 42 4 4 4 4 2 2 4 4 1224 4 2 ' 2 2 2 4 42 
4 4 4 4 . 1 H 2 2 2 2 W 2 2 2 4 4 4 4 2 2 4 2 4 2 4 2 4 2 2 4 4 4 4 2 2 4 4 2 2 2 4 4 4 4 2 2 4 4 2 
22 H 2 ^ - ( 2 2 2 - 4 - , 2 2 2 2 2 4 4 4 4 2 2 2 2 2 4 4 2 2 2 4 22 24 42 42 42 22 2 42 422 

2~ 222. ••+22244 42 22222222 44 4222 24442242242244 4 42 

OCCL- CE\:I > 1 I S 

occu; 
OCCUi 

OF 
i,F 

FOLLOWED 
FOLLOWtD 

IS 
IS 

OCCcr= EV..E OF 1 
OCCURENCE CF 1 

FOLLOWED 
FOLLUW ED 

3 

4 

I S 
IS n -, - ' (6° x». | , 0 o d 

O C C L ^ 2 I S 104 

C C C U ^ E i . C L NiF 
OCCL^PEN'CF o r 

? FOLLOWED 
2 FOLLOWED 

1 I S 
2 IS 

1 
62 A 



OCCURRENCE OF 2 FOLLOWLD 
OCCURRENCE OF 2 FOLLOWED 

3 I S 1 -. ,jtf\ 
"J / I ') A is 4 0 . . 3W a 2 o 

OCCURRENCE OF 

OCCURRENCE 
OCC URhLuCE 
OCCURRENCE 

OF 
OF 
OF 

3 I S 

3 
3 
3 

FOLLOWED 
FOLLOWED 
r u L L J N E P 

CCCURRt-NCF 0 3 I-CI LO.M I D 

1 1 S 
2 IS 

< I S 

4 IS 

) 

!- I--
2T± 

- 7/0 

OCC U R C L N C E 

CCCORh F vCC 
0_C_CLR l t \iC£ 

"OCCUR!- ENCE" 
Q c C J R h t N C t 

1 S 9 0 

01 
NF 
..F 
OF 

^ FOLLOi-;Eu 
H FOLLOWED 
4 FOLI OWED 
4 FOLLOwLD 

1 
2 
3 
4 

I S 

TH; i C L T j ATA SET 

1 

3 l5-i 

4 7 A I , ' . ^ w, cm 

INPUT C U A t.AS 

1 14 1 3 i 1 1 1 4 3 1 3 1 4 3 1 m 3 3 3 4 3 3 3 4 3 3 4 4 3 3 ^ 3 4 1 3 1 3 1 3 1 4 3 1 3 2 4 
4 1 3 1 4 1 1 4 4 1 1 3 3 4 3 3 4 3 3 4 3 4 3 3 3 33 3 4 3 3 4 3 3 4 3 4 4 3 3 4 3 4 3 3 4 3 3 3 3 
3 4 ^ 3 4 3 3 4 3 - + 3 3 3 4 3 3 4 3 4 4 4 4 4 4 4 4 4 4 4 4 3 3 4 3 3 4 4 4 3 4 4 4 4 4 4 4 4 4 ^ 4 
H ^ 4 4 3 3 2 - r 4 4 3 t 3 3 2 3 3 4 4 4 4 4 3 4 4 4 ^ 4 4 4 4 3 4 4 4 4 4 4 + 4 4 4 4 4 4 2 4 4 4 4 

OCC EUCE OF 1 IS 22 

GCCU^f E JCE 
GCCCRR ENCE 
u C C U P - E .CE 
ZZUj'r ENCE 

OF 
OF 
OF 

or 

1 
1 
I 
1 

FOLLUwED 
FCLLuWED 
FOLLOWED 
FOLLOW ED 

1 IS 
2 IS 
3 I S 

1 

V 
T" 

X 
^ 1 V 

4 IS 

OCCURRENCE OF 2 IS 

OCCUR r' ENCE OF 2 
OCCURRENCE OF 2 

FOLLOWED 
FOLLOWED 

GCCURf E..CF OF 2 FOLLOWED 

1 
2 
3 

IS 
IS 
IS 

0 
0' 

T'l 



"N 

OCCURRENCE U! FOLLOW ED IS 
.'J( 1 — 

V 
OCCURRENCE OF 3 IS 74 

_CCCURRLNCE OF 3 
OCCURRENCE OF 3~ 
OCCURRENCE OF l 
OCCURRENCE OF 3 

ECU. LOW I D 
FOLLOWI D 
FOI LOWED 
FOLLOWID 

1 IS 
2 IN 
\ I ., 

4 IS IslAiL L3A - • p'j 

OCCUkRtNCE OF 4 IS 100 

OCCURRENCE OF 4 
OCCURRENCE OF 4 
OCCURRENCE oF 4 

FOLLOWFD 
FOLLOWED 
FOLLOWED 

1 IS 
2 IS 
3 I S 

OCCURRENCE OF 4 FOLLOWED 

THE RESULTS FOR DATA SET 5 

IS 1 
6 

r 
32 
60 J 

INPUT DATA wAS 

vi = . "7 c u O 
V ,6(0 

333333444442442443333344444343334444M33333444443 33 
344244 3 333444423331444442 33333313 342433 144 243333 34 
4233 34 2342344344124 344 3 243 42 344424 333 34 3133 33333 3 3 
3 133 3 33333 31 133 33 333333333133333333 333334424444242 

OCCURRENCE OF 1 IS 

OCCURRENCE OF 1 FOLLOWED 1 I S 
OCCURRENCE OF 1 
OCCURRENCE OF 1 
OCCURRENCE OF 1 

FOLLOW ED 
FOLLOWED 
FOLLOWED 

IS 
IS 
I s [ X 

,111 
"X • ? ? 3 

OCCURRENCE OF 2 IS 17 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 
OF 
OF 
OF 

2 
2 
2 
2 

FOLLJWED 
FOLLOWED 
FOLLOWED 
FOLLOWED 

1 
2 
3 
4 

I s 
IS 
IS 
I s 

0 
0 

r 6 

L-io V-tf*// M >M 



_i L 

OCCURRENCE UF 3 IS lOo 

01-
OF 
OF 
or 

3 
3 
3 
3 

FOLLOWED 
FOLLOW ED 
1 O L L O W E D 
FOLLOWi D 

1 I S 
2 IS 
i IS 
4 I S 

OCCURRENCE OR 3 FOLLOWED I I S 7 
OCcURRLNCE_UF __ 3 FOLLOW ED 2 J S 1_~1_ 
O C L C R R L N L E G> 3 I OLLOWED i IS i - H d I 
OCCURRENCE OT 3 FOLLOWi D 4 I S I 18 J £ -„ t, l t l -. , . 

I Ci. URRLNi E OF 4 IS 6 8 

OCCUR' t M C L OF 4 FOLLOWED 1 I S 
C L L U K R L ' \ U LT 4 C O L L O ^ L D 2 IS 15-T ,w ^ 
OoC URRLiNct OF 4 FOLLOWLD ^ IS - r l 4 I / 
OCCURRENCE OF 4 FOLLJWEiJ 4 IS 1,38, n, - - a * f u -',771 y 

THE RESULTS FOR DATA SET 6 

INPUI CATA WAS 

13343 144211 132 33244 22 443441122 344 54421112122424414 
44 34 2 24 2444'+44 32 + 44434 444444 4̂ -4 4 44444 444 4444 444444 
2444 444 4444442 2 44444444444 44 4444 44 44 444 4444444444 4 
4^444 44444444443 33 33 3 33 34 3 34 4 344 34 34344 4444 44443 3 3 

OCCURRENCE OF 

OCCURRENCE OF 
OCCURRENCE OF 
OCCURRENCE OF 
OCCURRENCE UF 

1 IS 12 

1 FOLLOWED 
1 FOLLOWED 
1 FOLLOWED 
1 FOLLOWED 

1 
2 
3 
4 

IS 
IS 
IS 
I s 

5 
3-7 

I2 
L2_j *- ( ' . ̂ 33 

/ * 

OCCURRENCE OF 2 IS 19 

OCCURRENCE OF 2 FOLLOWED 1 IS 
OCCURRENCE 
OCCURRENCE 
OCCURPENCE 

OF 
OF 
OF 

2 
2 
2 

FOLLOWED 
FOLLOWED 
FOLLOWED 

2 
3 
4 

IS 
IS 
IS I • ?] • 1 i ^ 

& r - « ^ ^-5' 



y 
OCCURRENCE OF \ IS 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 
OF 

ILL 
OCCURRENCE OF 

30 

FOI L O A E O 

FOLLOWLP 
TOLL01 I D 

3 FOI LOWED 

IS 
IS 

7 - 7 > ? L V"bfc 

CCCORRENCE OF IS 13-1 

O C C U R R E M C F OF 

OCCURI- ENCE OF 
FOLLOWFD 
FuLLOWLD 

1 I 
/ I 

OCCURRENCE OF 4 
OCCURRENCE Of 4 

FTLLU LD 
^OLLO ED 

IS 
1 S 

THE RESULTS FUR D U A S LT 

s i 

1 lu I v ^ 

INPUT LATA t AS 

4 1 2 2 24 2 1 2 4 4 3 4 4 222 4 4 2 4 4 2 2 4 4 4 4 42 2 242 2 42 42 2444 4 4 4 2 ? 2 4 
2 4 4 4 2 24 2 4 4 2 4 4 2 4 4 4 4 4 4 4 4 24 2 2 24 4 4 34 4 4 4 4 4 2 4 4 4 4 2 244 44 44 
4 4 4 4 4 44 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
4 4 4 4 34 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

OCCURRENCE OF 1 IS 

-cD. 7?v 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 
OF 
OF 

1 FOI LOWED 
1 FOLLOWED 
1 PGLLG-'ED 

1 IS 
2 I S 
3 IS 

n 
2 

f o 
OCCURRENCE UF 1 FOLLO^LD I S <; i o I. o o ^ 

OCCURRENCE OF 2 IS 

OCCURRENCE OF 2 FOLLOWED 
OCCURRENCE OF 2 FOLLOW ED 

I S 
I S 15 7 

T^fV" OCCURRENCE UF 
OCCURRENCE OF 

2 FGLtOwED 3 IS 
2 F O L L o " E D 4 I S 

7 0 
19 J 1>^rf 



OCCURRENCE OF 3 IS 

y OCCURRENCE OF 3 FOLLOWED 
OCCURRENCE OF 3 
OCCURRENCE OF 3 
OCCURRENCE OF 5 

FOLLOWED 
FOI LOWED 
FOLLOWED 

1 IS 
IS 
IS 
I s I zr- ,OC L, 6 0 O 

OCCURRENCE OF 4 IS 160 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 
OF 
OF 

FOL LGwED 
FOLLOWED 
FOLLOWLD 

1 IS 
2 I S 
3 IS 1 

L 
IB l 

3 / 
OCCURREMCE OF 4 FOLLOWED 

THE K E S O L T S FOR DATA SET 

4 IS Ll 3 M u». -TFV~ iu. •> 

INPUT DATA WAS 

224443443L34 1333113 1333333422222221434242122333442 
34 2442 34 14214 124 344 22 *2444 24343232 3 23 24 3 443 234 3 44 3 
22434444^21342 14422334221344144224212244422442222? 
2 2 22 24 2 222 224222444222 2 242 224422 22 4 2422224444222 22 

OCCURRENCE OF 1 IS 15 

OCCUPFENCE OF 1 FOLLOWED 1 IS 1 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 
OF 
OF 

1 
1 
1 

FOLLOWED 
FOLLOWED 
F DLLO/lED 

2 
3 
4 

I S 
IS 
I S 

37 
3 \ * . - -73 3 7 6 , ^ . V? 3 

OCCUPP ENCE OF 2 I S H3 

OCCURRENCE OF 2 
OCCUR!" EIMCE OF 2 

OCCURRENCE OF 2 

FOLLOWED 
FOLLOWED 
FOLLOWED 

1 IS 
2 I S 
3 IS 

7 
4 7 

^ T TF7"/ 
7-

OCCUPPENCE OF 2 FOLLOWED TS 7ft 



' / , OCCURRENCE UF 3 IS 36 

OCCURRENCE OF 3 
OCCURRENCE OF 3 

FOLLOWED 
FOLLOWED 

2 v ' jJbP? ] 

OCCURRENCE OF 
OCCURRENCE OF 

3 
3 

FOLLOWED 
FOLLOWED "\\>V 

OCCURRENCE. OF 4 IS ( ) C ) 

OCCURRENCE 
OCCLIRR L N C L 
OCCURRtNCE 
OCC URRE MCF 

or 
01-
OF 

or 

•f 1 OLLOWED 
4 FOLLUWLD 
4 FOLLOWED 
'+ FOLLOwl D 

THE R t S U L l R DATA SET 

1 IS 

_i^>___|, 

4 
25 i 
11 
26 

W>~ i .i 'i ^7-1 

w -->£' 
7 / ^ 

INPUT •\ TA *A S 

4 1114 1 3 3 2 4 3 3 3 2 34 143 342 2 4 4 4 3 342 14 2 34 4 3 34 4 4'+342 24 3 44 
3 3 1 2 3 + 4 4 3 3 3 1 1 3 4 2 3 3424 4 4 3 4 4 43 3 342 4 4 3 4 4 3 4 4 4 4 3 3 3 2 4 4 3 4 
2 4 3 4 4 3-+43434 3 4 4 2 2 3 4 4 4 3 3 3 1 11 324 L134 23 34 1332 2 3 3 3 4 4 2 4 
4 3 4 3 4 3 2 1 4 3 4 3 1 4 2 3 4 4 4 2 4 4 4 4 1 1 3 3 4 1 3 1 4 3 4 3 4 3 4 3 4 3 1 3 1 4 1 3 1 

OCCURRENCE OF I I S 25 

OCCURRENCE OF 
OCCURS ENCE OF 

FOLLOWED 
FOLLOWED 

IS 7 

IX 
OCCURENCE OF 1 
OCCURRENCE OF 1 

FOLLOWED 
FOLLOWED 

3 
4 

IS 
IS 

> io 

L 7 ><-, UifO ' * • > - , 3 2 , 0 

OCCURRENCE J F 2 IS 2 3 

OCCURRENCE OF 2 FOLLOWED 1 IS 2 
OCC J R P E H C E 

CCCU-'RE iCE 
OCCOR FENCE 

OF 
OF 
OF 

FOLLOWED 
FOLLOWED 
FOLLOWED 

2 I S 
3 IS 
4 IS 

*1 
•r-R '', 

4 7>? 
/ 

t * 



\° 
GCCURF uNCE OF 3 IS 

OCCURRENCE OF 3 
Oc^URh ENCE OI- 3 
OCCURRENCE OF 3 

70 

FOLLOWED 
FOLLOWED 
FOLLOW t-D 

OCCURRENCE OF 3 F C L L i W l D 

IS 
I S 
I » i~ 

8 
Si 

2? . 
34 "X I ' JiV i v - i i / 

UCCURKEMCF O F 1 s 82 

CCCUhRtNCE Ce­
i l L C D - ' t \ C E oF 
CCCURI EM I F Ul 
iJCoci- - E , L E JF 

FOLIOWEL 
FOI_L_Ot t J 
FOLL J - L ) 
FOLLOWE ') 

T-E SOL IS FOR 0 ATA SET LO 

1 IS 
2 I N 
3 b" 

137 

U 

3 ""i 

1-\ ' > V W ' , > 3 <-

I IPUT D M A WAS 

11 tcM22 H I 114422124231 22 444444 3 34 3444 4444444444442 
M 3 4-i 4 44 44 +4444 24 4 44 44444^+44 M-424H44VI 444 44 4 4 '+4 444 44 
444 4 4 4 4 44444 44 444 4 4 M 4 44 4 A44444444 444 4 4 4 4444 t-44 4 444 
4 4 4 4 4 4 M 4 4 444444M-4 t-44444 t 444444444^4444444444444444 

CCCUKPE C F ur 1 1 S v 

CCCUi- CENCE CF 1 
OCCNRFE ,LE 01 1 
CCCUi- r ENCE OF 1 

FOLL )u LD 
FOLLO, ED 
FOLLG, ED 

1 I 
7 I 
3 I 

XCURRENCE OF 1 FOLLOWED 4 IS 2 J -'<- , - , L I > *-~ ' • <7<-/V 

OCCURENCE OF 2 I S 12 

OCCURRENCE OF 
O C ^ L ^ FENCE OF 

FOLLOWED 
FOLLOWFD 

uCCU°REJCF OF 2 FOLLOWED 
f C U R R t N C E OF 2 FOLLJWED 

IS 
I S 

3 
4 

I S 
IS VJ I I - , i f ? v >7rt> 

OCCURRENCE OF 3 I S 



% OCCURRENCE OF 3 EOLLUWED 
OCCURRENCE OF 
OCCURRENCE OF 
OCCURRENCE OF 

FOLLOWED 
FOLLOWED 
FOLLOW Eu 

1 
2 
3 

4 

IS 
IS 
I S 
IS 

1 

V n- %,,-•, > y°° 

OCCUPRFNCL OF IS 174 

OCCURRENCE OF 
OCCURRENCE OF 
OCCURRENCE OF 
OCCURRENCE OF 

FOLLOW ED 
FOLLOWED 
FOLLOWED 
FOLLOW t~) 

1 IS 
7 IS 

4 rs /i 
j _ 

o 

H 
6 3 J ~ -w ?W 1 ^ , s- f77 

THE ^ t S U L l S FOR DATA SET 11 c 

INPUT DATA WAb 

f 123 3-+ 3 122144334 + 334334434 122224434122222222244324 
32-+2 J 12 23 122 4 122 41242 243 12 2 2 2 2 244 3 243 34 1243 12 41 241 
2M324324312432421243 1243 12243334124324432431243244 
32432323E-+324243243232 3 24323232323232323 2 3 20232323 

OCC LPS ENCE OF IIS 20 

( V , < , 0 J ) ( I - , ^ ) 

CCCURRE -ICE 
OCCU- -E ,cE 
OCCURRENCE 
O C C . r r E N C E 

OF 
OF 
OF 
CF 

1 
1 
1 
1 

FOLLOWED 
FOLLOWED 
FOLLOWFD 
FOLLOWED 

1 IS 
2 IS 
3 I S 
4 IS 

19 

\ 
Li 

o-
(I-

Ci-

0-

3 X. - . C / 4 X.. - j.oofl 
y 

GCCLfFEi .CE OF 2 I S 74 

OCCURRENCE 
OCCURRENCE 

JJCUJR PENCE 
CCC JRV [ l \C f 

OF 
OF 
0 F 

FOLLOWED 
FOLLOWED 
FOLLOWED 

1 
2 
3 

IS 
IS 
I s 

OF 2 FOLLOWED IS 

1 
2 2 1 

n 1 
32 J 

t . £ *? 7*? 

OCCORRENU Of 3 IS 56 



h 
CCCURREMCF OF 3 FOLLOWED 1 IS 10 
OCCURRENCE"" 
OCCURRENCE 
OCCURRENCE 

01 
OF 
OF 

3 
3 
5 

FOLLOWED 
FOLLOWED 
FULLO-/ED 

2 
3 
4 

IS 
I S 
IS 

3 

t 
0 
7 
'•< 2 , ' ,A / V , 17$ 

OCCURRENCf OF 

OCCURRENCE OF 
OCCLRPtiMCr OF 
OCCURRENCE UF 
OCCURRENCE UF 

4 I SO 

FOLLOW ED 
FOL I OWED 
FOLLOWI D 
FOLLOW FD 

THE Rl SUE 1 S FOR I) \ TA 1 I 

INPUT DA TA lv\S 

w I I_S _ _ 

3 IS - 3 u \ 
4 IS L 8 1 u<> 

<+3 12 JM-+3 312 + v i 41 14 3 3-' i < i 4 3 1 / 4 3 4 M 344 14 .4 34 1 2 4 3 3 3 4 4 '} ~5 
44 3 3 M 3 33 34-+ 1 3 < t-t 3 334 3 34 33 33M 333 5443 3 3 3 4 3 3 3 3 4 4 3 33 3 ' 
4 4 3 4 M 2 3 5-3 33-1 3 3M 34 4 3 ' 4 5 J 34 3 3 54 3444 34 3 34 3 3 3 4 3 3 3 4434 
At • 3 33 3 J 343 ->M3 J 3'i 4 4 3 344 5 33 34 3 5 34 344 3 3 34 34 3 3 3 3 

L . V . J i . 

- E NC OF l I S 

cri .C E 
,CF 
<CE 
,CE 

GF 
oF 
OF 
GF 

1 
1 
1 
1 

FOLL Ol 
FCLLG 
FOLLo1, 
CCLLU'. 

<ED 
-FD 
,EJ 

< ED 

L IS 
2 IS 
3 I 

1 
4~f 

IS K 2, 
/ 

> i - , i£:> i f c - . ^ 

OCCN'RENCf OF 2 I S 

C C C J F F E I J C E OF 2 FOLLOWED 1 I. 
OCC Z'-'-c. ,CE OF 
GCCUFF E JCE OF 
OCCURENCE OF 

2 
2 
2 

FOLLOWED 
FOLLOWED 
FOLLOW EC 

2 IS 
3 I S 
4 IS 

0-7 

r1, 
L 4.4 -V-j ,60i' 

^ 

, ?oo 

OCCURRENCE OF 3 IS 114 

OCCURRENCE OF 3 FOLLOWED 1 IS 



y 

OCCURRENCL 
UCCURRExICt 
CCCURRENCI 

Cn UCCURRExICt 
117 

01- 3 _ IJJ LLOWI D 
U~F 1 FOLLOWED 
Of 3 FOLLOWED 

IS 
6,V 

l ' \ 

* , - . î > ^ , 3/7 ^ 

OCLUF^ EMC E oi 1 S 

ICCURRLNCt OF 
oc c_y_R L E i JC i- o r _ 
O o c u R i ; t i \ c L o r " 
CCcURrEi \Ct : CI 

IOL LOW I D 
T O L L O W L D 

~FULI O ^\ D 
F O L L u , L D 

2 IS 
3 1 S 
4 IS 

3 3 
4 6 
25 - ' l "- ,^L/ 7 "> = , %^l/ 

THL RL SLL1 S U ] i ! DAI A SET J 

INFl T L ATA • i\ S 

!4 2: 2 2 24 __ ' ̂ 2222 24 2 2 22_2_2 24 22_224 442424424442 
3 2:2 4424424 2 4 24224444 244444 4 24 34 24244 2 44? 

- i U 3 1 . . 

4 2 M - + 4 2 M 4 2 + M 4 4 4 4 2 +44 4 2 4 4 4 4 7 H M 2 4 4 4 444 44 4 4 4 34? 4 4 4 2 4+4 

+ + 2 - + + + i Z + Z t + +24 + 4 4 2 4 4 4 2 4 4 4 4 4 4 4 4 4 2 ' + 4 4 4 2 4 4 + 4 4 4 4 4 2 4 4 

CCCURRcV OF l IS 2 

CCCJF 
GCCo-
OCCURS E 

: I I L C 

. ,CE 
OF 
CF 
OF 1 

FOLLUWLD 
FOLL JV.ED 
FOLLOWED 

CCCUR^E-CE OF 1 FOLLOWED 

1 IS 
2 IS 
3 I S 

0 
1 

y 1 
4 IS /C, OC TC, I < 6e<: 

G C C U K R E , C t CF 2 IS 72 

OCCURENCE OF 2 
000 0 - - E N C E CF ? 

FOLLOWED 
FOLLOWED 

1 
2 
3 
4 

IS 
IS 
I S 
IS 

1 
20 T 

r o 
L 42 \ 

OCC0K--E ,CE 0 ^ 
OCCURRENCE OF 

FOLLOvED 
TOLLOWED , i " , "J</3 J? Y '- 'ctfG 

O C C U K ' H . C f Of 

CCCijRRfNOF Of 
CCCORRI Nf r 01 

I S 3 

IOLLOWED 
1 OLLOWED 

1 I S 
? IS 

1 
Of 



OCCURRENCE OF 3 FOLLOWED 3 I S t -Tt ^ OCCURRENCE OF 3 FOLLOWED IS 2 J UL> i&<> 

y 
OCCURRENCE OF I S 1 2 3 

CCCURR E.MCL" 
O C C U R R L N C E 

OCCURR ENCE 

OF 
OF 
OF 

FOLLOWED 
FOLLOWED 
FOLLOWED 

IS 
IS 
I S 

4 1 7 
T 3 

•V-O C C U R K E N C E OF 4 FOLLOWED 

TriE Rl SCLT^ FOR DATA SET 14 

4 IS l~ 7 8 3 

I ,M P U T D \ T \ w A S 

LA J , fc>s •to >- TIT 

3 2 2M 2 J 13-t 2 4 2 2 3224 14 244 2 3 14 242.H2423 2 3244244 2142414 
4 2 1-2 24M2'++2-+43344224 142422 442 142244 24 3 24 21442442 3 
2M424ii4 144 144 2422 342 4244432 44442444443442 2444 34 42 
1M4 *-f ~+ "T ~T ~+ 34.4M4224 114222 1444444434422422444444224224 

OCCURRENCE OF 16 

OCCURRENCE OF 1 FOLL. ED 
O C C U R H E N C E 

OCCUR RE -JCE 
OCCUR? E M C E 

OF 
OF 
OF 

1 FOLLOWED 
1 FOLLOWED 
1 FOLLOWED 

1 I S 
IS 
I s 
IS 

'-1 
1 3 . V~ i * 7 * / ' V ' < #7 

CCCURFENCE OF 2 IS 62 

OCCU- RE sCE 
CCCURREisCt 

_0CC_LIP R E fXE 
CCCUrrENCE OF 2 FOLLOWED 

OF 
OF 
OF 

2 
2 
2 

FOLLOWED 
FOLLOW ED 
FOLLOWED 

1 IS 
2 IS 
3 IS 

6 
16-r 

r 8 
4 IS ! 2 J f « ^ C V i V ^w-.-77 

OCCURRENCE OF 3 IS 18 

OCCUR RECCE 
OCCURRLhCt 
OCCURRENCE 

UF 
OF 
OF 

3 FOLLOWED 
3 FOLLOWED 
3 FOLLuWED 

1 
2 
3 

IS 
IS 
IS 

3 
71 

r i i 



_ / OCCURREN C E_UF 3 FOLLO-JED 4 IS 7-J 

i / ^ / 7'/7 

V 
OCCCRRENCE OF 4 I S 104 

OCCURRENCE Or 4 FOLLOW L I 
O C C U R R L N C E I I 4 FOLLOWED 

Out UP RE MCL OF 4 n LLOWI D 
GCCORRENCL OF 4 FOLLOWLD 

1 I s 
7 I S 

3 I > A 

. I > 

6 

34 7 

' i 

5 > J - ,i 'c7 y 
u. v 

THE RESULTS FOR D M A SET 1 

INPUT DATA W\S 

2 4 2 1 +42 2 1 3 2 4 2 4 3 3 3 1 2 4 2 2 4 4 4 14 1 114 32? 323 241 3 1424 1 4 2 1 4 
1 4 4 3 1 3 1 I 4 1 I 1 1 1 1 2 : > 1 3 1 + 2 M 1 < I 4 2 3 ? 3 2 > 2 3 2 3 ? 3 , 3 - M ? 3 ? 3 2 3 2 3 

Z32J 2 - ZJ_±l± M 3 2_j2 3232 3 2 3 2 3 2 3 2 ^ 2 3 2 3 2 3 2 3 2 3 2 3? 32 32 32 32 
^ 2 3 2 _-. ^ 3 2 3 2 3 2 3 2 32 3232 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 ^ 3 2 32 3 2 3 2 

OCCLRRENCE OF 1 I S 2 S 

OCCURRE .CE OF 1 
JCCURRE X E OF 1 

FJLLO/ ED 
FOLLOWED 

1 
? 

IS 
IS 

oCCUDR 
CCCU^ * 

: vCE OF 
:NCE GF 

FOLLOWED 
FOLLJ ED 

I S 
IS 

r 4 
L 1 1 

4 + 
* r , t ^ v 

y 

O C C O ^ E ,CE OF 

OCCJ^r FwCE O F 
U C C C R R ' - . X L HE 

OCC jVR p X L JF 
CCC JR"E XL" OF 

OCC . ' X , fjF 

2 

2 
2 
2 
2 

3 

I S 79 

FOLLOWED 
FOLLOWED 
FOLLOWED 
FOLLOW E J 

I S 72 

1 IS 
? IS 
3 I S 
4 IS 

4 

1 62 
| o j 4̂ -y 

'7?^ J V' 
y 

ii 

( CXJ.3 - r i JC i ' (• 
OCCURS' Cf- fjf 
o c c y - i f . C i O F 
O C C U R R E D ! Of 

FOLLOWED 
FOLLOWED 
FOLlOr tFD 
FOLLOWED 

L 
2 
3 
4 

IS 
IS 
I S 
IS 

6 
64" 

r ? 
1 o 

,c 

•™te 

, 6>7 - i •/ ^ v - x 



OCCURRENCF OF 4 I S ' 6 

Ol I URR LNCE 
IK t. OPRt NCF_ 
Oc i ' J R ' 3 N( 7-~ 
L L t U R R t \ i I 

OF 
OF 

FOLLOWED 
IOLLOWED 
FULI OWED 
i OLLLW ED 

ThL R L S L L T S I OR DATA SET 16 

1 1 
JS _> 
IS f 4 
Ii> L' Yi^ 10 

^X-.^i 

I viPUl DATA WAS 

24i3 121242 143 44 3 241 12 2 34 2 2 L241? 1444 14 3 22 34^414 3213 
2I3M4321 12224414224224444424244222 44 42 t22222242422 
22222224444224444444444222??922222?4 >2?2?722?2222? 
2^2224222222222222242 44 22?22222?2222<32222222222 2 ?2 

CCCCRRtNCE OF 1 IS 14 

OCCURRENCE OF 1 
OCCURRENCE GF 1 
XCURRENCE OF 1 

FOLLOWLD 
FOLLOWED 
FOLLOWED 

ECCUKPENCF OF 1 FOLLOWED 

1 
2 
3 

IS 
IS 
I S 

2 
6 

T 1 
4 IS K M>- , Q>iJ 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OCCURRENCE 

rcCJPREiMCC 

OF 

OF 
OF 
OF 
OF 

OF 

OF 

2 

2 
? 
2 
2 

3 

3 

IS 119 

FOLLOWED 
FCLLOw'ED 
FOLLOWED 
EOL LOWED 

V 

IS 11 

FOL LOWED 

1 
2 
3 
4 

1 

I S 
IS 
IS 
IS 

IS 

6 
9 >-j 

C/oJ 

1 

r 

y 
/ 

/ 

j l ^ J 

7 C ^ 7 # / 

K 
l^'^f 

OCCURRENCE 
OCCUR^E X E 
O C C U P R E N C L 

OF 
Of 
OF 

3 
3 
3 

FOLLOW ED 
FOLLOWED 
FOLL JWED 

2 IS 
3 IS 
4 IS 

5 

j l 5 

Z~3 



t ^CURI ENC OF 

oc7uR~Rr I N " OF -

P C C U A I L CC or 

JCCIJ I RL X L IX 

OLCUKRE JCF OF 

S ( J 

I ILL i J J 
I i I I o i I J 
I L L l vi i u_ 
LOLL I MRU-

THE RFSOLTs I f - u \ l \ S T 17 

i I S 
2 IS 
< I S 

M IS 

J ! 

Lo fJT 

INPUT LATA WAS __ _ 

12 4 4 4 44 12 3 4 2 2 4 3 4 1 ? + 4 4 2 4 4 4 ^ 4 3 44 4'+444 4 4 M 4 4 4 4 4 + 4 4 3 4 4 4 
4 4 4 4 4 4 4 4 4 + 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 i 444 4 M 4 +44 4 4 4 4 
44 44 44 4 4 444 4 4 4 4 4 M 4 4 4 4 4 4 4 1 - 4 4 4 4 4 4 4 4 4 4 4 4 44 » M 4 4 4 4 4 4 4 4 4 
4444M 4 4 4 4 4 4 4 4 4 4 4 +44 4 4 4 4 M 4 4 4 4 M4 +4 44 44'+4 +4 44 4 4 4 4 4 4 4 4 

OCCURRENCE OF 1 IS 

OCCURH LUCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OCCURRENCE 

OCCURP ENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 

OF 
OF 
OF 
OF 

OF 

OF 
OF 
OF 
OF 

OF 

OF 
OF 

1 
1 
1 
1 

2 

2 
2 
2 
2 

3 

3 
3 

FOLL IwED 
FGLLOWE J 
FOLLOWED 
FOLL J X ) 

IS 6 

FOLLOWED 
FOLLOWED 
FOLLOWED 
EULLJ^ED 

IS 6 

F O U OWED 
FOI LOWED 

1 
2 
"3 

4 

1 
2 
3 
4 

1 
2 

I S 
IS 
IS 
I S 

I s 
IS 
IS 
I J 

I s 
I s 

-1 

0 

J 
i I-J 

V" 

Y 

, L O I > J 

, 1>y£ J 

7L-y - l « ° 

1 ^ - t 33 
J> 

-n^ OCCURRENCE OF 
OCCURRENCE OF 

3 FGLLLWFD 
3 p OlLOWED 

3 
4 

IS 
I S L 6 -

p OC 

- v ~- \ . <y*"t> 



ITT 

I l t Ul K l \CL X S 1 3 ! 

I l _ X " R | | ,NJ <. i u l _ i I J| | .u i r i D 

X. I 0 3 i U I L I ~ i I I LO X 1 

H U J I M I JL.1 01 t I L I i si ) 

O u l i O I I I J| , I ' L L X I ) 

1 I , 

' 1 . 

3 I S 

. I S E i 7 , I h 
03 

111 i L S U L I >, L 0 D \ T T 1 3 

I N( OT D A T A W A O 

1 M M d T M 4 M ? 1 4 1 3 3 2 4 4 3 4 I ? ? 2 4 7 4 4 4 X ? 3 4 ] X ' X ? 3 4 2 ? +?4 3 +T" 

M 4 4 4 3 i 2 1 2 4 3 + 3 2 1 2 3 2 3 4 3 4 l ? 3 f 3 4 3 1 4 i M 4 i ' + M 2 l 2 4 3 4 1 ^ 3 ? 3 + T ! 

4 4 3M4 2 + M 4 4 2 32 3 4 2 4 2 4 4 + +24 t 4 4 4 4 4 3 i M + M 4 4 i i 4 + + t * i + 4 2 5 + 

M < X I 4 4 5 + 4 4 i 4 4 2 1 +2 3 4 4 342 3 4 4 4 34 3 t 3^ 34 * 4 * 4 3 4 341 ' 3 ^ + 

VJ '} '3 

O C C 0 R R t N C I OF 1 IS 

OCCURRE JCE 

C C C U R R C N C L 

OCCURRENCE 

CCCURREiXE 

OF 

OF 

OF 

OF 

1 

1 

1 

1 

r o i L O W L ) 

FOI LOW Lu 

F O L L O W E D 

F U L L ULO 

1 
2 

3 

4 

1 S 

IS 

IS 

I s ~c 

OCCURRENCE OF 2 IS ^ 3 

O C C U R R E N C E OF 2 FOLLOWED 1 I S 5 
CCCURRLNCE 
OCCURRENCE 
OCCURRENCE 

UF 

OF 

UF 

2 

2 

2 

FCLLUWED 

FCLLOwFD 

F O L L J A E U 

2 IS 

3 I S 

4 I S 

3I 
1 7 i 

.12 1 
\ 

v- ^Lb * 
> ^ 

V-^^v 
C C C U R R E N C F OF 3 IS 42 

UCCURRENCF UF 
OCCURRENCE UF 
OCCURRENCE OF 

3 

3 

3 

FOLLOWED 

FOLLOW tJ 

FCLLUv ED 

1 

2 

3 

1 S 

IS 

i s 

1 

H-
? 

7^3" OCCURRENCE OF 3 F O L L l w L U 4 I S 31 

"**-- V^K 



X C O R I M i\( i UF .- X L ~ ' 

OCCvJI E N C 1 O I 4 ' UL L Oi [ . I 

OC Owl i I o i OT i Ei LLO/ i 1 ) 

X I Kl t WC( oh , F l L L ( A \> 

I CCUh HENCE OF M I l l L v u r l ) 

l h t r R E S U L T S FOR OAT \ j t T X 1 

1 I > 

X 

3 > ] vX (>') 

,7-t 

I N r U l DATA .AS 

4 2 2 Ic 1 1M2 2 4 2 1 2 4 4 M 4 2 1 2 ? 1 4 , 21 4 4 2 2 1 M l 22 V 12 3? L 7 4 4 3?7_ 
14 4 3 3 4 4 3 344 3 4 4 X'+A 3 V+4 4 4 34 4 4 4 3 24 4 7 4 2 . 2 2 4 ^ 4 3 I 1 4 4 4 4 1 
4 4 <i4 2 14 4 4 4 2 4 4 3 L 3 4 4 2 4 - + 3 3 4 ' + ? +3 + 2 4 2 M M +4 3 3 4 4 4 34MM 4 4 1 2 ? 

2 4 3 3 4 4 4 4 1 1 3 M 2 4 + L 4 4 4 4 4 2 2 4 2 2 4 4 2 2 2 4 2 5 1 4 2 2 ^ 4 4 2 4 342 4 24 3 

OCCURRENCE OF 1 IS 22 

1 OCCURRENCE 
OCCURRENCE 
OCCUR FENCE 
OCCURRENCE 

OCCURRENCE 

OCCURF ENCL 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 
OF 
OF 
JF ~ 

OF 

OF 
OF 
OF 
O c 

GF 

OF 
OF 
OF 
OF 

1 
1 
1 
1 

2 

2 
2 
2 
2 

3 

3 
3 
3 
^ 

FOLLO.XO 
FOLLOW I D 
FOLLOWED 
F I L L J A t U 

IS 53 

FOLLOWED 
FOLLOW LD 
FOLLOWED 
FOLLOWED 

IS ?1 

FOLLOWED 
ROLL J * ED 
FOLLOWED 
FOLL JwEo 

1 
? 

3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

I S 
IS 
IS 
I s 

I s 
IS 
1 s 
I S 

I S 
IS 
IS 
I S 

3 
i i 

1-3_1. 
I X 4 

11 
l o f 

C 2 ? ' J 

M 
13 1 r M U 4 - 1 

* , -

— 

V 

* . . * -

t>oO J 

>{^J 

, / 

. 4 i -> 

* > 

/ 

K 

7 

- T 7 2 -

V 
. w 

£ 
• * -



r c c x x L NCE or , is o< 

OuCORI L Ml i 
OCC OR i EN CI 
OCC Ui-1 t MoL 

i \ 

OF 
OF 

FOLL lo t |) 
FOI LOv LD 
FOLLOW1- D 

OCCURRENCE OF 4 FOLLOWED 

THE RESULTS FOR DATA o ET 

1 
2 
3 

I S 

IS 

+ 

3 5 
1 I 

J cu 
4 is 15; 

'0*> V n\ 
INPUT CATA WAS 

32 1 1 11442322444433, 2242 113342442122^2212314744M334 
44444444414243422441423 133444414344442334242442441 
'+2 IMI 1341342 22212 42 2441 32 42 3 2 44 lv+ 344 244421 4134 32? 
222132432 32 121444 44 424 241422411222X2224 11 122 ?13??4 

OCCURRENCE OF 1 IS 33 

OCCURRENCE UF 1 FOLLOWED 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

1 IS 
OF 
OF 
OF 

1 FOLLOWED 
1 FOLLOWFU 
1 FOLLOWED 

2 IS 
3 IS 
4 I S 

3 
6-r 

L'uJ x^ , >7 (l{ -l 3<v-~ 

^-N( | I 

OCCURRENCE OF 2 IS 62 

OCCURRENCE OF 2 
OCCURRENCE OF 2 
OCCURRENCE GF 2 

FOLLOWED 
FOLLOWED 
FOLLOWED 

1 
2 
3 

I S 
IS 
IS I 

11 2n 
rr7^ fr OCCURRENCE OF 2 FOLLOWED 4 I S ?0- rT 

OCCURRENCE OF 3 IS 28 
^ K - . 7 < > ? 

OCCURRENCE OF 3 
OCCURRENCE OF 3 

FOLLOWED 
FQLLUWED 

I S 
IS 111 

OCCURRENCE OF 3 
OCCURRENCE OF 3 

FOLLOWED 
FOLL OWED 

3 
4 

IS 
I S rCj 

L10 
/ - . / J 

£, - - ^ 

2 >T7{b 

OCCURRENCE OF 4 IS 77 



r< 

{* 

OCCURhFNCE 
L C C U L R ENCE 

CCCUi- RLNCE 
0 0CUR- Fil ler 

OF 4 
OF M 

o r 4 
OF 4 

THE K L S U L T S FOR 

F0L1 OWFD 
FOLLOW!D 
n LLOWI D 
F J l LOvJ 0 

DAT A 5 LT 21 

1 
? 
3 
M 

I S 
1 s 
IS 
I s 

1 ' 
2 1-f 

1 7 , 
L-XJ 

- J 
Xu\^- J > ^ (• \.^ » / 

W r ~«7c/0 

INPUT CATA WAS 

11232112134331433331311231133331131113133313311 111 
L333333111311133113333333133J311113333333333333133 
133133 313333111333333111111111111 LI 1111 11 333333333 
3333333333 31111311'3131331113 31 33111111111111111111 

OCCURRENCE OF 1 IS 94 

OCCURRENCE OF 1 
OCCURRENCE OF 1 

FOLLOWED 
FOLLOWFD 

OCCURRENCE UF 
OCCURRENCE OF 

FOLLOWED 
FOLLOWED 

1 
2 
3 
4 

IS 
IS 
IS 
I S 

in 
25 

1 

OCCURRENCE OF 2 IS 

OCCURRENCE OF 2 FOLLOWED 1 IS 
OCCURRENCE OF 2 
OCCURRENCE OF 2 
OCCURRENCE OF 2 

FOLLOWED 
FCLLUWED 
FOLLOWED 

2 
3 
4 

IS 
IS 
I S 

X, - t'1iis *->~ 'l^l 

-^ 

^ 
* -333 2 j • o 61 

> * 

OCCURRENCE OF 3 IS 101 

OCCURRENCE OF 3 
OCCURRENCE OF 3 
OCCURRENCE OF 3 

FOLLOWED 
FOLLOWED 
FOLLOWED 

IS 
IS 
IS 

I '28 0 
72 

OCCURRENCE OF 3 FOLLOWFD 4 I S 1 

^77 *».-- - Yfo 

OCCURRENCE OF 4 IS 2 J^-



OCC OP RE X F or 
"i r 
OR 
OI 

f^y o c c u i R r x f 
* *" L C C U R h t- N C t 

LiCCURh EN CI 

FOI Liu I D 
4 ID l LOWED 
i J OL LO LD 
4 f OLI i) A! D 

I J o 
' I S' 
3 IS 

o-i 
I I) 

, ^ 

T h l .< f S U L l X X OR oAI A S L I X 

INPUT CATA WAS 

3 1 2 1 1 3 2 23 11 1 1 1 4 2 2 3 3 1 1 4 4 M 424 1 1 4 2 1 1 3 1 1 1 ] ^ 1 I 2 I 1 3 H 1 L 
3 1 3 1 1 1 2 3 L 3 L 2 3 2 3 1 1 1 1 3 1 2 4 3 1 1 1 1 3 2 3 1 2 3 2 3 1 2 3 2 51 1 1 3 2 3 2 3 1 
2 3 2 3 2 31 11112 3232 323? 32 32 323? 3 2 3232 32 32 32 32 32 3 2 3 2 3 ? 
3 2 3 2 3 2 3 2 3 2 3 1 1 1 2 3 1 1 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 12 323? 32 V 3 2 3 

OCCURRENCE OF 1 IS 57 

OCCURRENCE OF 1 
GCCURRENCE OF 1 
GCCURRENCE CF 1 

FOLLOWED 
FOLLOWED 
FOLLOWED 

OCCURRENCE OF 1 FOLLOWED 

1 
2 
3 

IS 
IS 
IS 

v $ 

4 I S * , ' - Iff >^v '- i 7 5 

*», '- -H4 

OCCURRENCE OF 2 IS 65 

OCCURRENCE OF 2 
OCCURRENCE OF 2 

FOLLOWED 
FOLLOWED 

OCCURRENCE OF 2 
OCCURRENCE OF 2 

FOLLOWED 
FOLLOWED 

IS 
IS 

3 
4 

IS 
I s 

111 
58 

? ^7k > - 1l 

"\y-nt 
GCCURRENCE OF 3 IS 7 0 

OCCURRENCE OF 3 FOLLOWED 1 IS i 2P-, 

OCCURRENCE OF 3 FOLLOWED 2 IS 
OCCURRENCE OF 3 FOLLOWED 3 IS 
OCCURRENCE OF 3 FOLLOWED 4 IS 

43 

0 11/ *,x- '" 
CTD 

OCCURRENCE OF 4 IS r3 

OCCURRENCE OF 4 FOLLOWED I I S 1 11 

file:///y-nt


r CLCU R E I NC i J ] I M__ F0L_LGX I D__ 2_ I S 
\ OCC OF IX NCI- ol 4 " I- CX LOWED" " 3 YS" " 
\j- " O C C . U R K E N C E OF 4 rOLIOWED 4 I S 
I 

X. ] H L X SULTo FOR DATA S I T 25 

X j "- J / Li 0 

,hO 

NPUT r H A WAS ___ 

1132 144444 12 1441 13341331 2241 3 322 •'3 1 1222 3 11 2271 3222 
_2 2142222213111 13111 1111 1121 I 1 1 1 1 1 I 111 1 1 1 11?111L111 
1 1 11211 1111 1 1 111 111 1111L11111111 11 11 1 111 11 1 1 11 11 1 1 
1111111111111111111111111111111111111111131-3131133 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURR ENCE 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

UF 

OF 
OF 
CF 
OF 

OF 

OF 
OF 
OF 
OF 

OF 

OF 
OF 
OF 
OF 

1 

1 
1 
1 
1 

2 

2 
2 
2 
2 

3 

3 
3 
3 
3 

IS 147 

FUl LOwFD 
FOLLOWED 
FOLLOWED 
FOLLOWED 

IS 26 

FOLLOWED 
FOLLOWED 
FOLLOWED 
FOLLOWED 

IS 17 

FOLLOWED 
FOLLOWED 
FOLLOWED 
FOLLOWED 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

IS 
IS 
IS 
I S 

I S 
IS 
IS 
I s 

I s 
IS 
IS 
I s 

r126i 
L 7 

11J 
3 

[,11 
1 

rr\ 
4 J 
1 

* « " 

1-

?,; 

* u 

,k</7 

^v z -
.f3f 

K" 
/ 

,70} 

OCCURRENCE OF 4 IS 10 

OCCURRENCE OF 
OCCURRENCE OF 

4 FOLLOWED 
4 FOLLOWED 

1 
2 

I S 
IS ni 



CCCURR1NCE OF 4 rOLLOWED 3 i : 

^ J OCCURRENCE OF 4 rOLLGXTFT 
1 4 

l s T3 > y j' L 3 ux 
THE K E S U L T S I OR D A T A SIT ?4 

X-
U3(,; - ^ ° 

INPUT DATA MS 

4 3 4 1 4 2 1 4 3 2 3 2 M 3 1M 52 : '2 3 r - 3 2 , 2 3 2 3 2 3 2 3 1 1 2 323232 3 2 3 2 J 2 3 2 

32 3 £ 3 2 3 2 3 2 3 , c 3 , i 3 2 3 2 3 2 3 2 3 > 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 ^ < 2 3 2 
J 2 3 2 2 2 3 2 32 3232 ^2 323? 32 32 32̂ 3 M 2 3 2 J 2 3 2 3232 3 M 2 3 2 4 323 
2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 X > 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 < _ 3 2 V 3 < ; 3 2 X 3 2 3 ? 3 

OCCURRENCE OF 1 IS 

OCCURR R M X E OF 

CCCURR_E_i\CE_CF 
OCCURRENCE OF" 
GCCURRENCE OF 

F JL LOWtD 
FOLLOW EC 
FOLLOwT ; 
TOLL J /* ED 

1 I s 
2 IS 
3 I S 
4 I S 

11 11 

OCCURRENCE OF 2 IS 93 

OCCURRENCE OF 2 FOLLOWED 1 I S 
OCCURRENCE OF 2 
OCCURRENCE OF 2 
OCCURRENCE OF 2 

FOLLOWED 
FOLLOWED 
FOLLOWED 

2 IS 
3 IS 
4 IS 

•£ 
1-

90-
2 

>, , . foe 
?t.i= > i s 

I1 '- , 0 , 0 

• j - * - - ^ 

GCCURRENCE OF 3 IS 96 

OCCURRENCE OF 3 
OCCURRENCE OF 3 
OCCURRENCE OF 3 

FOI LUWED 
FOLLOWED 
FCLLOWED 

1 I S 
2 IS 
3 IS 

r, 9 1 1 *,- Xif 
OCCURRENCE OF 3 FOLLOWED 4 I S 

OCCURRENCE OF 4 IS 

2 -, Q y t> 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 
OF 
OF 

4 
4 
4 

FOLLOWED 
FOLLOWED 
FOLLOWED 

1 I S 
2 IS 
3 IS vO( =- JVU 

-v) - / i\"\ 



QCcURRLNCI OF 4 FOL1 OWED 

i i 
THL R F o U L l S F OR DAI A S I T 2s 

4 I S 

INPUT CA1 A W \S 

4 4 3 5 t, 14 ^ 1 2 4 3 M 2 1 2 X 3 4 4 1 ? 2 2 3 ? 2 1 n X 2 2 1 3 4 3 4 1 ? 3 ? 
412 J 3 34 3 M 4 3.+ 3 1 1 1 1 12 3 3 24 12 L32 3 2 134 1 3 L 121234 314 1 2 34 3 
334414222L14244H131342?111121313424221341211344 34 
4231332M2 133332244341433212233312223221 L 122 1221122 

OCCURRENCE OF 1 IS 5 3 

OCCURRENCE 
CCCORRENCE 
OCCURRENCE 
UCCURR EMCE 

OF 
OF 
JOF 
OF" 

FOLLOWED 
FOLLOWED 

.FCLLCWEJJ 
FOLLOWED 

I S 1 16 
i s l\ -> 
IS L 3 
I S 5 1 , •- , U o 

• <H1 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

GCCURRENCE 

OF 

OF 
OF 
OF 
OF 

OF 

OF 
OF 
OF 
OF 

OF 

_ 2 _ 

2 
2 
2 
2 

3 

3 
3 
3 
3 

4 

IS 55 

FOLLOWED 
FOLLOWFD 
FOLLOWtD 
FOLLQwtD 

IS 50 

FOLLOWFD 
FOLLOWED 
FOLLOWED 
FOI LOwEO 

IS 42 

1 
2 
3 
4 

1 
2 
3 
4 

I S 
IS 
IS 
I S 

I S 
IS 
IS 
I S 

IYA 
12 J 

! 

r qi 
U 

13 J 

1 9 

V 

£ . *• 

, t > f e 

. * C 0 

Vs 

z* 

.<v7 * " 

2 ~ 

-,c/Yo 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 
OF 
OF 
OF 

4 
4 
4 
4 

FOLLOWED 
FOLLOWED 
FOLLOWED 
FOLLOWED 

1 
2 
3 
4 

I S 
IS 
IS 
I s 

3 0 
12 
10 

J ° V X ^ 1 
W, 3 ,</7£ (J 



T v-

y 

THE hE-SULIS FOR DAI A S LT 26" 

INPUT CATA WAS 

3312 124 113 1 3111 1122 2 1 1 2 2 2 ? ? ? ? ? 1 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 2 
2 2 2 2 4 1 1 2 2 2 1 2 2 1 2 2 2 2 2 4 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 4 1 2 2 2 2 2 2 2 2 2 2 2 2 
4 2 2 2 2 2 2 2 2 2 4 ? 4 4 3 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 " 
2 2 2 2 4 4 3 1 1 2 2 2 2 2 2 1 2 2 2 4 2 2 4 22 2 2 2 2 2 2 1 2 2 2 2 7 ? 2 2 2 V 2 7 ? 2 4 2 ? 

OCCURRENCE OF 1 IS ?5 

OCCURRENCE OF 1 FOLLOWED 1 IS frfl GCCURRENCE OF 1 
OCCURRENCE OF 1 
OCCURRENCE OF 1 

FOLLOWED 
FOLLOWET 
FOLLOWED 

2 
3 
4 

IS 
IS 
I s 

14 
2 

>(,:, ,<\^0 

*v'^«° 

GCCURRENCE OF 2 IS 156 

OCCURRENCE 
OCCURRENCE 
GCCURRENCE 
OCCURRENCE 

OF 
OF 
OF 
OF 

2 
2 
2 
2 

FULLOWED 
FOLLOWED 
FOLLOWED 
FOLLOWED 

IS 
rs 
is m 

4 I S 11 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

GCCURRENCE 

OCCURRENCE 

OF 

OF 
OF 
CF 
OF 

OF 

OF 

3 

3 
3 
3 
3 

4 

4 

IS 6 

FOLLOWED 
FOLLOWED 
FOLLOWED 
FOLLOWED 

IS 13 

FULLUwED 

1 
2 
3 
4 

1 

IS 
IS 
IS 
IS 

IS 

I 

J 

o] 1J 

0 

3-1 

*, 

/ 

'.tf>3 

I,- j,̂ D 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 
OF 
OF 

4 
4 
4 

FOLLUWED 
FOLLOWED 
FOLLOWED 

2 
3 
4 

IS 
IS 
I S IA"— b ?> 

^K^TWf 



in 

^_ 

THE RESOl (S FOR DAT A b ET 

I X U T DATA v AS 

1 1 3 3 3 3 1 3 1 1 1 1 3 3 3 3 3 1 3 3 3 3 3 X 3 3 1 3 3 3 3 1 1 3 1 3 1 3 3 3 3 3 3 3 1 3 3 3 3 
3 3 3 3 1 3 3 3 3 3 3 3 3 1 3 3 3 3 3 3 3 3 3 L 3 5 3 3 3 3 3 3 3 3 3 3 1 3 3 3 3 3 3 3 3 3 1 333 
3 3 1 3 3 3 3 3 3 1 3 3 3333 3 333 3 3 3 3 3 3 3 3 3 3333 3 3 3 5 U ^ 3 3333 3^.1 31 
3 3 3 1 1 H l 3 3 3 3 3 3 - ; i 3 3 3 3 1 3 3 3 3 3 3 3 3 3 1 3 3 3 3 31 3 33 3 3333 31 3333 

OCCURRENCE OF 1 IS 34 

OCCLRRENCF OF 1 
OCCURRLNCE OF 1 

FOLLOWED 
FOLLOWED 

IS T 0 
Lol 

OCCURRENCE 
OCCURRENCE 

QCCURP ENCE 

OCCURRENCE 
OCCURS ENCE 
OCCURRENCE 
OCCURRENCE 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 

CF 
OF 

OF 

OF 
OF 
OF 
OF 

OF 

OF 
OF 
OF 
OF 

OF 

OF 
OF 

1 
1 

2 

2 
2 
2 
2 

3 

3 
3 
3 
3 

4 

4 
4 

FCLLUW ED 
FOLLOWED 

IS 0 

FOLLOWED 
FOLLOWFD 
FOLLOWED 
FOLLOWED 

IS 166 

FCLLOwED 
FOLI OWFD 
FOLLOWED 
FCLLOWED 

IS 0 

FCLLOWED 
FOLLOWFD 

3 
4 

1 
2 
3 

4 

1 
2 
3 
4 

1 
2 

IS 
IS 

IS 
I S 
IS 
IS 

IS 
I S 
IS 
IS 

IS 
I S 

2 5 . , 
0 

r O - i 

Lc 
0 0 
J 

L251 
14 1-i 

0 

tf\ 

?v 

V-
fl 

*v-

, £ & ^ ?Cy- | 

^ ^ > l " 5 1 ^ 

, 0 0 0 U Z 

/ 
/ 

/ 

, ' * ( < / * , - - • 

£v"-« W 

OCCURRENCE OF 4 
OCCURRENCE OF 4 

FOLLOWED 
FOLLOWED 

3 
4 

IS 
IS 

0. 
n 

w - , o 0 * u 

T h F R F ^ I I I T * ; FOR DATA SET 28 



INPUT DATA WM S 

23 24 1414M 3 1M2 32 3142 3 14142 3 24 2314 24131 +1323 14 13232 3 
13231323231 3 13231 Tl 1231123124123123112311231 UTTJI 
32 32 311 1111231 111231 1112 3 111 12 3111 11231 1111 12 Xlll 
11 11231232323111111231123232 31 231111231 111 111111 1L 

UCCURP cNCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
GCCURRENCE 
OCCURRENCE 

OF 

OF 
OF 
OF 
U c 

OF 

OF 
OF 
OF 
OF 

1 

1 
I 
1 
1 

2 

2 
2 
2 
2 

I S 95 

F 0 L L 0 -, r C 
FOLl OWED 
FOLL IwLD 
FCLLLWED 

IS 4 3 

FOLLOWLD 
FOLLUwED 
FOLLOWED 
FGLLOWED 

1 
2 
3 
4 

1 
2 
3 

4 

IS 
I S 
IS 
IS 

IS 
I s 
IS 
IS 

3-' 
n 

L°ol 
3X 4 

4 

K,-<4<° * v -

% T ' . t ^ 

V - ' S 8 ° fv 
Y''"i°! 

OCCURRENCE 

GCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 

CF 
OF 
OF 
OF 

3 

3 
3 
3 
3 

I S 48 

FOLLOWED 
FOLLOWED 
FOLLOWED 
FOLLOWED 

1 
2 
3 
4 

IS 
I s 
IS 
IS 

T 3 l l 

£,-- '< o c o Z^ 

^"-,fcY/ 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 

OF 
UF 
OF 

4 

4 
4 
4 

I S 14 

FOLLOWED 
FOLLOWED 
FOLLOWFD 

1 
2 
3 

IS 
I s 
IS 

i:i io, ^ < ^ 7 ^u 
OCCURRENCE OF 4 FOLLOWED 4 IS 1 

THE RESULTS FOR DATA SET 29 



/ ( 
I N P U T DATA WAS ~ "" 

3 l H 2 3 1 2 4 L n i l l 2 3 1 1 1 2 5 1 1 3 1 1 1 1 2 H 4 3 7 3 7 3 ? 3 2 3 2 3 2 3 2 32 3 
_ 2 3 2 3 ^ 2 2 3 2 3 2 3 2 3 2 3 2 J 2 32_32 ij 5 2 3 2 ^ 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 X 2 3 M _ 

/ 3 2 3 2 3 2 3 2 3 2 5 2 3 2 3 ? 3 2 3 2 3_2 3 2 3 2 3 2 ^ 2 3 2 3 2 3 2 2 2 3 2 3 2 3 2" 3 M 2 3 
2 3 ? 3 2 J ? 3 2 ~ N 2 3 , L 5 2 3 2 5 2 3 2 3 2 3 ? - 3 2 3 2 3 2 3 2 3 2 3 2 3 - * 3 2 3 2 3 2 3 2 3 2 3 

U C C U R R E N C F OF 1 I S 21 

OCCURRENCE 
OCCURRENCE" 
OCCURRENCE 
OCC URRLNCE 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 
OF 
OF 
OF 

OF 

OF 
OF 
OF 
OF 

OF 

OF 
OF 
OF 
OF 

1 
1 
1 
1 

2 

2 
2 
2 
2 

3 

3 
3 
3 
3 

FGLLOWLD 
FOLLuWEO 
FOLLOW Fu 
FGLLOWEu 

IS 83 

FOLLOWED 
FOLLOWED 
FOLLOWED 
FCLLOWED 

IS 89 

FOLLOWED 
FOLLOWED 
FOLLOWED 
FOLLOWED 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

IS 
I S 
IS 
T S 

IS 
I s 
IS 
IS 

IS 
I s 
I S 
I S 

f i n 

1 

r1! 
36 > 

1 

r 5 i 
! e j | 

0 ! 

0 

x f -

V" 

€, ' -

• r" ^--.-r 

- * > * • T^ 

. ftfV/ £„ --

£ v ' , O i i 

OCCURRENCE 
s 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OF 

OF 
OF 
OF 
OF 

4 

4 
4 
4 
4 

IS 2 

FGLLOWED 
FOLLOWED 
FOLLOWED 
FGLLOWED 

1 
2 
3 
4 

IS 
I s 
IS 
I S 

PI U 
P 
O 

* J , - - 4{06 Vy-

THE RESULTS FOR DATA SET 30 
t O ^ * } , (STTX> 



INPUT DATA WAS 

231 321323422313 1 1322213322 11 4 11312 132 11 1212231 11 31 
12 2 1 2 1 1 22 12 2 1 1 2 1 2 1 2 2 1 1 2 1 2 L 1 2 2 2 12 2 12 ? 2 2 2 2 2 ̂  2 1 1 21 7 J l 
22 124 12 H I 224 123 1 1 1 1 1 X 1 22 L ? 1 4 2 L 2 1 2 2 1 1 7 1 22 1 2 222 1 X 
2^222227 2 < 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 

, OCCURRENCL 
OCCURRENCE 

OCCURRENCE 

CCCURRENCF 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
OCCURRENCE 

12 2 I 2 1 i 

OF 

OF 
OF 
OF " 
OF 

GF 

OF 
OF 
OF 
CF 

OF 

OF 
OF 
OF 
OF 

OF 

OF 
OF 
OF 
OF 

1 

1 
1 
f 
1 

2 

2 
2 
2 
2 

3 

3 
3 
3 
3 

4 

4 
4 
4 
4 

' 2 1 2 1 2 2 2 X 2 2 2 

I S 7 6 

F U L L O I M EL) 

FOLLOWED 
FOLL OWFD 
FOLLOW' r U 

I S 104 

FCLLOWED 
FOLLOWED 
FOLLOWED 
FOLLOW ED 

I S 14 

FOLLOWED 
FOLLOWFD 
FOLLOwtD 
FOLLOW ED 

I S 6 

FOLLOWED 
FGLLOWED 
FOLLOWED 
FOLLOW ED 

2 2 1 1 1 1 2 

1 
? 
3 
4 

1 
2 
3 
4 

1 
2 
3 

4 

1 
2 
3 
4 

IS 
IS 

" I S 
IS 

I S 
IS 
I S 
IS 

IS 
IS 
r s 
IS 

IS 
IS 
I S 
IS 

114 2 2 112 

13-7 1 
3-1 

3 

P°l 
L5t> 1 

5-i 
2 

1-
1 

LJ 

0-
0 

1-

; 22 22 2? 

XX' ; f P 

; 6 ^ 

/ 
/ 

£,>.<P7 

2 * * . 

Ui t ~ J, o * G 

>v -

x W 7 

v l 

•37/ 

H 
THE R E S U L T S F O R D A T A SET 31 

v>v*t-{cn> 

I N P U T D A T A W A S 



•n\ ^ 2 1 2 121 21212 113 12 1 21 1 1222L L 12 LI 12221212 1212 12 11 12 
2 111 124312 12232 13 32 1 L2.3 33 32 1? 12 1? 12 3 1212 1 1'34 444 4 44 
44433 1233121 4 M 4 4 4 4 3 2 3 5 1 2 1 2 34 4444444't 44 344 34 3 '44 3 1 2 

3, 2 3 3 114 31122443121 L4M 4 _44_4 4 4_4 4 4 4 M 4 4 3 12 4 44 4 3 2 3 4 4 3 12 2 2 

GCCURRENCE GF 1 IS 5Q 

OCCURRENCE OF 1 FOLLOWED 1 IS 
GCCURRENCE GF 1 FOLLOWED 2 IS 
OCLURKENCE OF I FULLUwED 3 IS 

r l 7 i 
E36 I 

OCCURRENCE OF 1 FOLLOWED 4 IS 3 * t ~ * H 9 % X V ' > SZ'i 

CCCURRENCE OF 2 IS J 3 

OCCURRENCE UF 2 FOLLOWED 1 I S T 2 9 1 
OCCURRENCE OF 2 FOLLOWED 2 IS 1 1 1 
OCCURRENCE OF 2 FOLLOWED 3 I S ~ ~ JP / . 
GCCURRENCE OF 2 FOLLOWED 4 IS 4 *\i~ ' 7 3 Y (j " * > b 9 0 

OCCURRENCE OF 3 IS 31 

OCCURRENCE OF 3 FOLLOWED 1 IS r l 2 " irft OCCURRENCE OF 3 FGLLOWED 2 IS 
OCCURRENCE OF 3 FOLLOWED 3 IS 8-J /^ 
OCCURRENCE OF 

3 r U L L U d t U J 1 -S O • , / / 

3 FOLLOWED 4 IS 5 Z f - ' > ^ 2,X= t k ^ " 

CCCURRENCE OF 4 IS 57 

OCCURRENCE OF 4 FOLLOWED 1 IS r ' 0 -
OCCURRENCE CF 4 FCLLOWED 2 IS U ° 
OCCURRENCE OF 4 FOLLOWED 3 IS 12^ 
OCCURRENCE OF 4 FOLLOWED 4 IS 45 w / * , 6 O 0 v ' > ^ f O 

THE RESULTS FOR DATA SET 3; 

I N P U T DATA WAS 



4 4 2 2 4 4 3 34 12 2L?4 1 2 2 3 1 4 2 1 1 1 1 2 2 2 1 3 1 3 1 3 1 1 11 111 1 2 2 2 2 2 53 
•1 | V 3 3 344 44 4 4 4 4 + 4 4 4 4 4 4 2 144 42 142 I 2M 44 1 32 1 311 14 5 2 H 11 4 4 4 

44 2 4 2 4 134 L 4 34 1 lM 322 11 11 1 33 1 111 1 1 3 3 3 1 3 1 31213 1 H U H 
13 111 111 12L I 1 1 1 1 1 1 1 H I 111 11 1 1 3 3 4 3 3 3 5 3 3 3 3 3 1 3 3 3 3 3 3 2 3 

OCCURRENCE 
CCCURRENCE 
OCCURRENCE 
OCCURRENCE 

CCCUKRLNCE 

OCCURRENCE 
GCCURRENCE 
OCCURRENCE 
CCCURRENCE 

CCCURRENCE 

OCCURRENCE 
OCCURRENCE 
OCCURRENCE 
GCCURRENCE 

OF 
OF 
OF 
OF 

OF 

OF 
OF 
OF 
OF 

OF 

OF 
OF 
OF 
OF 

1 
1 
1 
1 

2 

2 
2 
2 

2 

3 

3 

3 
3 
3 

FOLLOWED 
FOLLOW ED 
FOLLOWED 
FOLLOWED 

IS 2>5 

FOLLOWED 
FOLLuWED 
FCLLOwED 
FOLLOWED 

IS 45 

FOLLOWED 
FOLLOWED 
FOLLOWED 
FOLLOWED 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

I S 
IS 
IS 
I S 

I s 
IS 
IS 
I s 

I s 
IS 
IS 
IS 

f 5 6 -
1 a 

14 --
/ 

- - ] H 

J- n l 
X 
s 

f'i-1 
2 4 " 

5 

1 

1 

- _ t l '-

V 

lc 

• /P> 

; 7 ^ 

•333 

X ; . r ' *~?5 

U ^ > • ^ 

^> ' , <£0° 

OCCURRENCE 

OCCURRENCE 
CCCURRENCE 
OCCURRENCE 
OCCURRENCE 

THE RESULTS 

GF 

OF 
OF 
OF 
OF 

4 

4 
4 
4 
4 

IS 42 

FOLLOWED 
FOLLOWED 
FGLLCWED 
FOLLOWED 

> FOR DATA SET 33 

1 
2 
3 

4 

I s 
IS 
IS 
IS 

r -6 - i 

5-J 

24 v y f > -3° c/ t *V> , jt Q% 

INPUT DATA WAS 

4 4 4 4 4 22 3 1 1 1 3 3 4 1 3 2 1 3 1 4 4 4 3 2 3 2 1 1 3 13 2 3 1 1 1 1 1 3 1 3 4 3 1 3 3 3 1 2 



r 
i L 1 1 1 3 ' - J ^ l 1 1 X 3 1 2 1 1 H i l l 1 2 1 1 1 1 1 3 4 2 1 1 1 3 311 H 2 1 1 H 32 11 

•yj l i H l l 3 1 2 1 1 1 1 11 1111 H H 1111 11 111 11 111 1 1 2 2 1 1 1 1 111 1L 
H 1 11 H 1 1 1 1 1 1 1 1 1 111 H I 1 13232'+ 44 211 1 3 2 3 2 2 4 X32? 34234 

OCCURRFNCr 0F 1 IS 12 

OCCORRENCF 
OCCURRENCE 

OF 
OF 

FOLLOWED 
FOLLOWED 

I S 
IS L; mr 

6 
OCCURRENCE OF 
OCCURRENCE uF 

1 FCLLOwFO 
1 FUI LOVED 

IS 
I s 

17-J 
1 * • * >7<JL 3c 

N/VC 

OCCURR ENCE 

OCCURRENCE 
~"OCCURRENCE 

CCCURRENCE 
OCCURRENCE 

OCCURRENCE 

OCCURRENCE 
OCCURRENCE 
CCCURRENCE 
OCCURRENCE 

CCCURRENCE 

OCCURRENCE 
OCCURRENCE 
GCCURRENCE 
OCCURRENCE 

THE RESULTS 

OF 

UF 
UF 
GF 
OF 

OF 

OF 
OF 
OF 
OF 

OF 

OF 
OF 
OF 
OF 

2 

2 
2 
2 
2 

3 

3 
3 
3 
3 

4 

4 
4 
4 
4 

IS 26 

FOLLOWED 
hULLUWEU 
FGLLOWED 
FOLLOWED 

IS 3 2 

FOLLOWED 
FOLLOWED 
TCLLOWED 
FOI LOWED 

IS 17 

FOLLOWED 
FOLLOWED 
FGLLOWED 
FOLLOWED 

, FOR DATA SET 34 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

I S 
IS 
IS 
I s 

I s 
IS 
IS 
I s 

I s 
IS 
IS 
I s 

T l? - ] 
- 4 1 

2 X 
2 

T i ] l 
( U l l i 

5 ^ 
5 

P 2 i 
8 

-P-

Z ^ , t^7 

Wi* P*J *>>,-. 

>n<} 

.*(><> 

x>7< 

INPUT CATA WAS 

4424242432 1121221211214111111311 111 132224113?2224? 
1321132242424132244113224 13132 2 22422 4242424 24 11313 



11 1 1 3 1 1 1 3 2 1 2 3 2 1.42 31 11 3 724 1 31 11 31 11311 1 3 1 H XUjl XXI 
Vuj 3 2 2 2 4 1 4 2 3 2 3 2 3 1 1 1 31 1 4131.21 324 -.2 31 2 l 2 3 l T . T F l 1 | X X X T 7 ( 2 

> • 

OCCURRENCE OF 

OCCURRENCE OF 
GCCURRENCE UF 
GCCURRENCE OF 
OCCURRENCE OF 

OCCURRENCE OF 

OCCURRENCE OF 
OCCURRENCE OF 
CCCURRENCE OF 
OCCURRENCE OF 

GCCURRENCE OF 

OCCURRENCE OF 
OCCURRENCE OF 
CCCURRENCE OF 
OCCURRENCE OF 

OCCURRENCE OF 

OCCURRENCE OF 
GCCURRENCE OF 
OCCURRENCE OF 

1 

1 
1 
1 
1 

2 

2 
2 
2 
2 

3 

3 
3 
3 
3 

4 

4 
4 
4 

OCCURRENCE OF 4 

THE RESULTS FOR ( 

INPUT DATA WAS 

IS 7 6 

FOLLOWED 
FOLLOWED 
FOLLOW ED 
FOLLOWED 

IS 59 

FOLLOWED 
FOLLOWED 
FOLLOWED 
FOLLOWED 

IS 34 

FOLLOWED 
FOLLOWED 
FOLLOWED 
FOLLOWED 

IS 29 

FOLLOWED 
FOLLOWED 
FCLLOWED 
FOLLOWED 

DATA SET 35 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

IS 
I S 
IS 
IS 

I S 
I S 
IS 
IS 

I S 
I S 
IS 
IS 

I S 
I S 
IS 

I s 

px-
L io 

25 -
4 

PM 
L 1 8_\ 7 J 

21 

r 16~i 

P C , : 

1'-

L-17 \ 
0 3 
1 & | ' 

2 " 
2 O , ; 

Pj '# ^v " t £ 

x v > . £><> 

P ° * ^ . 3 ; 

^ - - X 3 » 

' ?7° * v - - . * 

i-^ ~- W70 

, ?<^ -K-* • 

fcV*,*/*/tf 

1 1 1 1 3 2 2 2 2 2 2 2 2 2 2 2 2 1 2 1 1 1 2 2 1 1 1 1 1 2 2 2 2 2 2 2 2 1 2 1 1 1 1 1 1 2 2 2 1 1 
1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 1 1 2 1 1 2 2 2 2 1 1 2 2 1 2 2 1 2 1 2 1 1 2 2 2 2 2 2 1 1 2 2 1 1 2 
1 1 1 1 1 1 1 1 1 1 1 1 U 1 1 1 H 1 1 1 2 2 2 2 1 2 2 2 2 2 1 1 1 1 2 2 2 2 2 2 1 2 2 2 2 1 1 2 



">X 

A l i i l l l l l l l ^ J 1^122? II 111 12 1 2 2 2 2 H 2 2 2 1 1 2 2 1 2 1 2 ? ? ? ] ! 

OCUJRMrNCl OF 1 IS 

UCCURFtN'CL OF 
O C C U R F F N C E OF 

CCC UP FENCE 01 
JCCORf<EXt OF 

J6 

FCLLOwLD_ 
I JLLO L D " 
IOLLO ED 
l-OLLOl ED 

L IS 
? 1 S 
3 IS 

M I S 

m 
L-1 

0 X ^Pj_ X - ' > % 

OCCURREMOE OF 10 3 

CCCURT ENCE 
OCCURR ENCE 
OCCURR ENCE 
OCCURRENCE 

OF 
01 
OF 
oF" 

? 
o 

? 
2 

FLLLoWF D 
FOL I UWt-D 
FOLJO.iED 
FOLLOWED 

1 
2 
3 
4 

IS 
I S 
IS 
IS 

\ V1 
l l 3 

p -J 

Y i<o°6 y - ,MI 

OCCURRENCE OF 3 IS 1 

CCCURRENCE OF 3 
OCCURRENCE OF 3 

FCLLOWED 
FOLLOWED 

GCCURRENCE GF 
OCCURRENCE OF 

3 FOLLOWED 
3 FCLLOWED 

IS 
I s XI 

3 
4 

IS 
IS 

o 
0 £,' |.0*6 

OCCURRENCE OF 4 IS 

GCCURRENCE OF 4 FGLLOWED 1 IS f 0 1 
OCCURRENCE OF 4 
OCCURRENCE OF 4 
OCCURRENCE UF 4 

FULLiJWED 
FOLLOWED 
FOLLOWED 

2 I S 
3 IS 
4 IS 

LO 
0 
0 10] 600 i A O i 

THE RESULTS FOR DATA SET 36 

INPUT DATA WAS 

243324433323131211314313111143 3311211211112 1111123 
43 311231234 313211211131211331111311231111143311231 
1431211121113332333 12111111112 143334444344 34434434 
4333444334433443 34433231323 133 31121111211111111111 



'•'M 

r 
OCCURRENCE OF 1 IS 

OCCOR PENCE OF 1 
OCCURRENCE OF 1 
OC C U R P~EIVCt~G F X 
OCCURRENCE OI 1 

FCLLOwED 
FOLLOWED 
"FOLLOWED 
FOLLOWED 

IS 
I s r;3, 
IS 
IS 

10 
'X. - V^ *>* ,7? \ 

OCCURRENCE OF 2 IS 24 

OCCUR PENCE OF 2 FOLLOWED L I S -, 1 3 -
OCCURRENCE 
GCCURRENCE 
OCCURRENCE 

OF 
CF 
OF 

2 
2 
2 

FOI LOWE,) 
FOLLOW ED 
FOLLOWED 

2 I S 
3 IS 
4 I S 1 *.{<*! ^>-^a 

OCCURRENCE GF 3 IS 59 

OCCURRENCE OF 3 
OCCURRENCE OF 3 
GCCURRENCE OF 3 

FGLLOWED 
FOLLOWED 
FOLLOW E\^ 

OCCURRENCE OF 3 FOLLOwED 

OCCURRENCE OF IS 31 

1 IS 
2 I S 
3 IS 

L 
2 o i 

6 
22 

IS 11 
Zr- -^^° 2 ^ X 1 / / 

OCCURRENCE OF 4 
OCCURRENCE OF 4 

FOLLOWED 
FULLOWED 

IS 
I s r°7 

L-oj 
1 3 

CCCURRENCE OF 4 
OCCURRENCE OF 4 

FOLLOW ED 
FGLLOWED 

3 
4 

IS 
IS Mi.z, , «t O 

^ V = < / f 
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INPUT DATA WAS 

4 3 1 1 3 4 4 4 4 3 1 3 4 4 2 4 2 2 4 3 4 2 1 1 3 3 3 2 4 2 2 2 4 2 2 4 2 3 1 1 4 1 2 1 1 3 1 1 1 1 
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4 IS tki/ i . Wi <V-.3iV 

INPUT DATA WAS 

2 4 3 1 1 3 3 1 2 3 3 2 2 3 3 1 1 1 1 1 1 1 1 1 3 1 3 3 1 1 1 1 1 1 1 3 3 1313111111111 
1 1 1 1 1 1 1 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1 1 3 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1111 
111 1 1 U 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 111 111111111111111 
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THE RESULTS FOR DATA SET 39 

I N P U T DATA WAS 

2 2 2 1 2 2 2 2 2 1 3 2 2 3 1 1 3 1 4 1 3 1 1 1 1 1 3 1 2 1 2 2 2 1 4 4 1 4 1 2 1 4 2 4 1 3 1 2 1 1 
3 1 1 3 1 3 3 1 1 3 1 2 2 2 2 2 1 2 1 1 2 1 1 4 4 2 1 1 3 1 1 1 1 2 2 3 2 1 4 1 3 1 1 1 1 1 1 1 1 1 
3 1 1 2 1 1 1 1 1 2 1 3 2 2 1 1 1 1 2 2 2 1 2 1 1 1 2 2 2 2 1 1 2 2 1 1 1 1 2 1 1 2 2 2 2 1 2 2 1 1 
2 1 1 2 1 1 1 2 2 2 2 1 1 1 1 2 1 1 2 2 2 2 1 2 2 2 1 1 2 2 2 1 2 2 1 1 2 1 1 1 1 1 1 1 2 1 1 1 1 2 
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I N P U T DATA WAS 
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ABSTRACT 

This report describes an electrical apparatus designed to facilitate psychological 
research in games of strategy for game matrices no larger than 3 x 3 . 

The description includes an operational procedure and an explanation of the circuitry 
with an accompanying photograph of the equipment and simplified schematic. 

The apparatus provides push-button selection of matrix columns by one subject and 
rows by his opponent who may be another subject or the experimenter. These selections 
determine numerical payoff values of varying desirability for the players. This conflict 
situation allows the psychologist to study various aspects of human behavior, such as 
strategy formation. 
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A GAME THEORY APPARATUS FOR 

PSYCHOLOGICAL RESEARCH 

INTRODUCTION 

The matrix game apparatus is an electrically operated device designed for use in 
psychological research involving games of strategy. It consists of two subject panels 
connected by electrical cables to an experimenter 's console (figure 1). In normal use 
the subjects would be isolated from each other and from the experimenter. Each subject 
panel has a matrix display consisting of nine squares arranged in a 3 x 3 configuration, 
that i s , 3 rows and 3 columns. The experimenter 's console has two such matrices. 

Each square of a matrix contains a payoff value. Three push buttons are located 
below each matrix so that one player selects which of the 3 columns the payoff shall be 
in and the other player selects one of the three rows. The square at the intersection of 
opponent A's column and opponent B's row is the payoff for this particular pair of selec­
tions. This square then lights up on each player 's panel and on the experimenter 's 
console. This shows each player and the experimenter the outcome and allows the ex­
perimenter to total this payoff with the cumulative score from previous payoffs and dis­
play the new score on each player 's panel by means of the "nixie" numerical indicators. 

Two modes of play are possible. In the S (Subject's) mode the subjects play each 
other. In the E (Experimenter's) mode each subject plays the experimenter. Modes may 
be changed without the subject's knowledge by means of a switch on the experimenter 's 
console. 

As an example of play in the S mode, subject A may be told to attempt to accumulate 
as large a positive score as possible and subject B a negative score. Therefore, A's 
first choice might be column 3 (figure 2) with a good chance of a positive payoff and the 
possibility of only a small negative payoff. B's first choice might be to try for the -4 by 
choosing row 2. To make the panels just alike and for simplicity of instruction, the 
columns of the B matrices are actually rows of the A matrices so that, although both A 
and B appear to select columns, B is actually selecting rows on A's matrix. Column 3 
and row 2 intersect at the +3 which lights up and shows A to be the winner of this round. 

The +3 remains backlighted for a period determined by the built-in t imer, T, (left 
t imer viewed from the front). The other timer determines the lapse after display of the 
payoff before the next round of competition may begin as signaled by the ready lights. 

The game values are easily changed as described later. 
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Silent or nearly e lent switches are used throughout so that audible cues do not give 
away the fact that the experimenter has entered the game. For this same reason the 
relays are shock-mounted in a sound-deadened compartment. 

I 1 '*'•*! ozfcj l * ' . ? 

^ „ - W - ^ # & & 

fim • . gSSffitevTi-- • i X.^.w.,^...t.,^.,.A.iM»^i..... -Jiui J j f aWi ...J^,^L.^^^» ^^^mJjA^I>mM*« tllif^^ttmmh^^ 

Figure 1. Matrix Game Apparatus 
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OPERATIONAL PROCEDURE 

POWER 

The on-off switch is located on the experimenter 's console. This switch controls 
power to the entire apparatus, including the t imers 'power switches which may therefore 
be left on. The t imer interval switch is left off since control is external to the t imer. 

MODES 

The two-position mode switch on the experimenter 's console determines whether 
the subjects play each other (S) or whether they play the experimenter (E). 

Mode S - to begin play, one subject merely presses one of the push buttons to select 
which column he chooses. After a column has been selected, the ready light for that 
particular matrix goes out and no changes of choice can be made due to lockout circuitry. 
When the other subject has made his choice, the payoff square is illuminated on each 
subject's panel and on the left-hand matrix of the console. The period of illumination is 
set on t imer T^. At the end of T2 the ready lights come back on and another round of 
play may begin. 

Mode E - with the mode switch in position, mode E play is similar to mode S, except 
the subjects are each playing the experimenter and a response must be made at all four 
matrices to s tar t the t imers and display the payoff. 

SCORING 

Subject mode during the interval T j the experimenter adds the payoff shown on the 
illuminated square of his matrix to the accumulated score shown on each set of scoring 
switches on the experimenter 's console. This score is relayed to the "nixie" tubes on 
each subject's panel so each may know his cumulative score. 

Experimenter mode - the only difference is that there are two different scores to 
keep. Subject A's payoff is shown on the left-hand matrix of the console and subject B's 
on the right-hand matrix. 

Scores may be accumulated up to 2,999 for each subject. To eliminate negative 
values the game may be started with a "pot," say 1,000 points, on the nixie tubes. Scoring 
of ± 999 is possible with a slight wiring change and a ± nixie substitution. 

TIMING 

T1 - the time set on t imer 1 determines how long the payoff square shall be illumi­
nated (see figure 3) . This time period is the information feedback interval. 

To - the time set on timer 2 (which must always be longer than Tj) determines how 
long all ready lights shall be out after the last player has made his choice, that i s , the 
time between the end of one round and the beginning of another. 

3 
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Figure 3. Timer Relationships 

MATRIX DISPLAY 

The matrix values are easily changed by sliding the display out of its slotted frame 
and changing or replacing the vellum' sheet on which the payoff values are printed. By 
masking unused squares , 2 x 2 and 2 x 3 games can be played. 

CIRCUITRY 

Each matrix has associated with it three push-button switches, one for each column; 
three double-pole, double-throw, 115-volt A.C. relays; and two 24-volt D. C D. P. D. T. 
relays connected in parallel to form in effect one 4. P . D. T. relay (figure 4). The push 
buttons are connected in such a way that pushing more than one button causes only the 
left-most button pushed to perform. Each 115-volt relay is operated by one pole of its 
associated push button. The other pole of the push-button switch supplies power to the 
24-volt re lays . 

The 115-volt relay holds itself with one set of contacts and with the other set com­
pletes the circuit to: (a) one side of a column of lights and (b) one side of a row of lights 
in the opponent's matrix. 

The 24-volt relays: (a) break the circuit to the contacts of the push buttons which 
energize the 115-volt relays so a player may not respond again (the capacitor delays this 
action allowing the 115-volt relay time to make and hold), (b) turn off the ready light, 
(c) complete this portion of the t imer start circuit, and (d) hold themselves. 

The t imers are commercial models 111C made by the Hunter Mfg. Co. To start a 
t imer , terminal 1 is connected to terminal 2. This connection for t imer 1 is made through 
a ser ies of 4 relay contacts (timer ready contacts), one at each matrix. In mode E a 
response must be made at all four matrices to complete this connection. However, in mode 
S the t imer ready contacts in the console are bypassed by the mode switch and only the two 
subject responses are required. The start relay on the first t imer s tar ts the second timer 
so both s tar t nearly simultaneously. At the end of Tj the finish relay in the first t imer 
operates . This relay opens the circuit to all 115-volt relay coils, thus releasing those 
which were held which in turn extinguishes the payoff lights. 

At the end of T£ the finish relay in the second timer: (a) releases six of the eight 
24-volt re lays , discharging their respective capacitors, and (b) energizes the auxiliary 
finish relay. 

4 
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The auxiliary relay: (a) re leases the remaining two 24-volt relays and (b) opens 
the second t imer hold circuit (held through the star t relay and normally closed contacts 
of the auxiliary relay) to ready it for another cycle. 

Mode switching is accomplished by means of a 7-pole, 2-position switch. Three 
poles switch subject A's matrix from subject B's response to experimenter A's response, 
and three switch subject B's matrix from subject A's response to experimenter B's 
response. The remaining pole bypasses the timer ready contacts in the console during 
mode S play. 

Series-paral lel paths, allowing lights other than the one at the intersection of the 
selected row and column to light dimly, are avoided by routing the current for each light 
in a matrix through a silicon diode. 

The nixie indicators on each subject panel are wired through a cable to a group of 
three rotary switches and a toggle switch on the experimenter 's console. These switches 
route the B+ voltage from a full-wave, voltage-doubler power supply to the appropriate 
electrodes of the nixie tubes. The first nixie on the left is wired only for 1 and 2. Plus 
and minus indications can be obtained rather than 1 and 2 by substituting a ± nixie and 
adding a jumper. 
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ADDENDUM TO EQUATIONS 4 HND 5 (p.29) 
AND FIGURES 3 AND 4 (p. 3D 

OF CHAPTER II 

Note tĥ \t both equations (k) and (5) as shown in 
the text are in their general form and, therefore, their 
connection with figures 3 and 4 respectively may not be 
obvious on first glance. Note, however, that for player i, 
equation (4) is actually the following: 

xx= Pr ( B 1 | A 1 A 2 ) 

yx- Pr ( B 1 | A I B 2 ) 

z 1- Pr ( B 1 | B 1 A 2 ) 

w 1- Pr (B1| B1B2) 

and for player 2, it is 

A2A1 ̂  x2 = Pr (B2 

y 2^Pr (B2 A2B1) 

z 2=Pr ( B 2 | B 2 A 1 ) 

w 2= Pr ( B 2 | B 2 B 1 ) 

Since a transition from state to state Is concep­
tualized as depending on what both players do, the entries 
of figure 3 are constructed in terms of the above equations. 
The transitions from state AA to any other state are qui'te 
straight forward and obvious. So are the transition pro­
babilities from BB to each of the other three. The trans­
itions from AB and BA (rows 2 and 3. respectively) are not 
so obvious and need to be demonstrated. For example, to 
go from AB to BB, the probability of player 1 playing B 
following AB (that Is, A1B2) is y., and the probability of 
player 2 playing B following AB (J"that is, A-̂ Bg) Is z^. 
Hence, the joint probability of transition is, therefore, 
y1 z (the last cell entry in the second row of figure 3)« 
Slm?larly, in calculating the other transition probabilities 
in row two. Now, to go from BA to BB, player 1 must play B 
following BA (i.e., B1A2) with probability ẑ _, and player 2 
must play B following BA (i.e., B^A?) with probability y2> 
Hence, the joint transition probability from state BA to BB 
is z-,y2 (the last cell entry in the third row of figure 3)» 
Similarly for the other entries of row three. 

Equation (5) can be similarly expanded for player 1 



ADDENDUM ( C o n t i n u e d ) 2 

a n d p l a y e r 2 . F o r p l i y e r 1 , o q m U o n ( 5 ) i s : 

x!= Pr> (-h ^ A ; 

y i - P r ( A 1 | A 1 B 2 ) 

z 1 = P r ( A 1 | a 1 A 2 ) 

w 1 - P r (A1 | B ^ , , ) 

For player 2, this is; 

x2= Pr (A2|A2A1) 

y2=Pr (AJA^) 

z2= Pr (A 2|B 2A 1) 

w 1 = Pr (A2|B B ) 

Thus, for example, to go from AB to AA the probability 
of player 1 playing A following AB (i.e., A1B2) is y., and the 
probability of player 2 playing B following AB (i.e., A^B-) 
is z2. Therefore, the joint transition probability from AB 
to AA is y^z2 (the first cell entry in row two of figure 4). 
One further example: to go from BA to BBi player 1 
plays B following BA (or B.,A2) with probability that is-the com­
plement of z. , that is, (l - z.) and player 2 plays B following 
BA (or B..A2) with probability that is the complement of y2, 
that Is, (1 -y2)« Hence, the joint transition probability 
from BA to BB Is (l - z* ) (1 - y_) as given by the last entry 
In row three of figure 4. Similar reasoning Is used to obtain 
the other entries. 

A specific reference which uses a transition matrix 
somewhat akin to that of figure 3 and 4, but without present­
ing the logic of how it was constructed, is the study by 
Amnon Rapoport and Abbe Mowshowltz, "Experimental Studies of 
Stochastic Models for the Prisoner's Dilemma", Behavioral 
Science. Vol. 11, No. 6, 1966, p. 444-458. 



THE REGULAR MARKOV CHAIN MODEL APPLIED TO GAME-
PLAYING BEHAVIOUR IN HAPOPORT'S "ARCHETYPES" OP 

THE 2X2 NON-ZERO-SUM GAME 

by M.A. Wozny 

ERRATA 

p.2 line 4:- Morgentern should read Morgenstera 

p.4 for Player 2: A. should read A2 

p.9 in reference 17: Dobb should read Doob 

p.29 in eq'ns. (4) and (5): P should read Pr 

p.30 line 3: B should read B1 

line 5: A should read A. 
1 1 

p. 35 line 6: "forty"should read'elghty" 

p.58 Appendix 3, line 16: "forty" should read "eighty" 

line 3: before "2x2" insert "seventy-eight'' 

p.59 line 2: insert "per game matrix" after "Ten' pairs 
were run" 

line 11: "comulative" should read "cumulative" 



ADDENDUM TO EQUATIONS 4 & 5 (p.29) AND 
FIGURES 3 AND 4 (p.31) 

OF CHAPTER II 

In equations (4) and (5), we are letting a B res­
ponse (the tendency to switch from the AA outcome) and an 
A response (not to switch) of a nlayer, respectively, dep­
end only on whab happened on the previous play. Under 
this condition for a somewhat similar two-choice two-person 
situation as that of the present study, Rapoport and' Chaai-
mah show that it is possible to conceptualize this depend­
ence in either of three ways: (l) on what the player in 
question did, (2) on what the other olayer did, and (3) on 
what both of them did. 

If the dependence is conceptualized as either (1) or 
(2), Rapoport and Chammah use "response-conditioned propen­
sities" on pages 67-69 and 116-119 to define their transition 
matrices. If, on the other hand, the dependence is concept­
ualized in terms of (3), as it is in this study, then it is 
better to use the so-called "state-conditioned propensities" 
to define the transition matrix. The state-conditioned 
variables x^, y^, zi and w, defining equations(4) and (5) of 
the present study are similar in concept to the "state-condit­
ioned propensities" of these authors, though without the 
"psychological" meanings they attach to them. For comparison, 
see pages 71-73 of their book. 

With respect to the transition matrices of figures 3 
and 4, the 16 transition probabilities of figure 3 are defined 
in terms of the tendency to switch from AA and those of figure 
4, in terms of the tendency not to switch from the AA outcome. 
Both figures represent in matrix form a system of four simul­
taneous equations in four unknowns and are identical in form 
to equations (61), (62), (63) and (64) derived by Rapoport 
and Chammah for their general case, four-state Markov model 
as given on page 121 of their book. For discussion and,deriv­
ation, see pages 105-123- T h e entries of figure 4 are the 
respective terms of Rapoport and Chammah's equations, since 
both are defined in terms of the same response A; for figure 3 
the entries are the complement values of these terms, since 
the definition is in terms of the other response, that is, B. 
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