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INTROLUCT ION

In this study, the regular Markov chaln model is
applied to gemeo-playing behmviour of subjects in four 7x2
non-zero-sws games, Using principally the theory of [inite

1 predictions

darkov chalns a5 presented by Kemeny and &nell,
are¢ msde from & zimulated Markov chain process assumed a3
underlying the game behaviour. The model is then tested
against collected dats by showing goodnesz of it between
predicted and obtained walues.

The object of the study 4s to have pairs of subjects
play, over & large number of consecutive trials, four symmetric
2x2 non-zero-sum gemes, where sach player of a peslr has 2
sholce between two strategles 4 snd B on esch trizl of the
game, and where 1t 13 possible to chaerve the four possible
outeomes A4, AB, BA end BB that result from the combinstion of
both players' strategles. By attaching specific values to the
two cholces open to esch player, incentives or “motives" can
be c¢reated in the player for preferring one cholce over the
other., 8ince outoomses are directly dependent on the mutual
chodees of both players, this interdependency could arouse
motivational conflicet in the subjects as the number of trisls

becomes large, thus affecting choles behaviour,

1 J.G. Kemeny and J.L. Snell, Fioite Markov
van Hostrand, Princeten, H.J ., 1@%, viii-21C p.
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In essence, the whole study 1% based on just such &n
assuymption, namely, that pre~decisional events of an under-
lying motivational process determine directly the overt re~
sponses (outcomes) in the two-person game situations {(de-
scribed fully in chapter two in the formdation of the
problem) and that, once the process i= operationslly quan~
tified, its effert on cholee behaviour can be studled in
terms of Markov chaln theory. In other words, the pre~
decisicnal motivational process determining the decision
task 1z modelled a3 a finite~state 'arkov process from which
pradictions are made a3 to the pctusl diztribution of out-
comes obtained in the totsl seguence of trizls over which the
gemes are played.

The thesis 1s divided into three chapters. The first
chapter presents some basgie 1dess about gzmes snd reviews the
literature relevant to the problem. The second chapter dis-
cusses in detail the problem of the present study, the #arkov
chain model, and the experimental method followed in the
gollection of the data, Finally, the third chapter presents
and anslyszes the resuvlts of the study,



CAalTrR I
HaVIoe OF T Hesoalin LITLRATURL
l. General Introduction.

The impetus for utilizing geames as experimental pars-
digms for studying interperson-intersctions stems primerily
from the work of von Neumenn snd sorgensternl and its re-
interpretation for the behavicursl sciences by Luce and
Reiffa.” Stated slaply, game theory alms at developing
criterin for retlonal behaviour in situstions that involve
total or partisl conflict of interests between two or mere
individuals,

In its simplest non-mathematicsl formulation, it is
baged on two assumptions known az rationslity postulates. The
firast of these basic postulates, that of individual utility
saximization or individusl rationslity, states thaet each
player tries to maximize his own expected satisfaction (or
utility). The second, known &5 the postulate of mutuslly ex-
pected retionality, states thet each player expects and soty
on the sxpectstion that the player(s) will also try to

1l J. yon Heumsnn and O, Mdorgemstern, Ihaory, ;
gale Behavior, Priucmtan Univerasity Press, ?rlﬁﬁatan,

2 R.D. Luce and H. Belflfa, Uanas s

wiley end vons, Hew York, 1957, x1-50% p,
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meximize his(thelir) own expected utility. Essentially, these
postulates deacribe the intersction of two or more individue
&ls in terms of behaviouwr which can be defined as the rationsl
pursuit of their own self-interests.

One of the contributions of von Heumenn snd Morgen-
tern was te provide a classification of gsmes into zero«sum
and non-zerc-sum. The sero-sum geme 1s one i which the
total won by a2 player, or plavers, is equal to the totsl lost
by another player, or players., A4 ach-gero-sum geme 1g one in
which the galns made by one player are not necessarily mads
at the expense of the other. Only in the zero-sum game is
there s situation of pure conflict, In the non-zero~-sum gane,
there is usunlly the element of cnoperation or competition
operating. From s psychologiesl point of view, the zero-sum
games are uninteresting since they sre games of pure conflict
in which the interests of the players sre dismetrically
opposzed,

The non~gero-gusm game, the so-celled "mixed motive
geme" in mxung'ﬁ terminclogy, 1s of particular psyehologi-
¢e)l interest becsuse the play mey bhe the result of competitive
motivation, cooperative motivation, or both kinds of motivation
in various combinations. ¢4s o vemxult, this type of zume hes

Herverd

3 t $m@u1ﬂ% VU,.L_ od e g & sy st eyt
r Viiv&ﬁ@ e

University Press, Cambrildge, MBss., lﬁwig



REVILW OF THY RUSBEARCH LIT«RATUHL 3

served, in recent years, as Lhg rescerch paradign for studies
snalyzing soclal (dyadic) intersction.

Particularly prominent in contemporsry game resesprch
has been the Frisoner's Dilemsa (/D) geme deseribed by Luve
srd Baiffe as a spacial type of "mixed-motive" game. It is
nixed-motive because the player has to choose betwesn ilncress-
ing ais own lumediste gain or incressing the total galn of
both players. The reason for 1ts extensive use in resesrch
is that it has been considered s prototype of zocial situ~
ations where the interplay of amutusl end divergent intsrests
are operating.,

The zeneral form of thils gsme can be represented by
ths pay=-off aatrix shown iz Figure 1., Theres zre twoe players,
1 and 2, where esch smst choose between 4 for coppersilion,
and B for defection on every trlal. Joint decisions are iagdi-
cated by AjAs, A3Bp, Bhip or ByBs,  In order to simplily dis-
cussion, subscripts are usually emitted: the first letter of
each Joint response indlestes player 1's declslion in sll
casss. There are four entries 1n the pay-off matrix and, by
eonvention, the {irst of the pay-offe in vach entry is that
socrulng to the rew player, or player 1.

The pey~ofl matrix is subject to the followling rules
in the PD game:

. 2m>xp ~ %3y > Bk

Ze 3> :enl)xh)x:g
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Flayer 2
A B,
i 2y £ Xy Xy
Flayer 1
B X Xy M Yy

Flgure l.~ General ray-00f <etrix for sx: Uames
where 1 and 2 in the row and column hesdings refer te the
players, A and B to the two cholces open to each glayﬁ# and
where X1, 2z, X3 and x4 denote different (or egual vwhen used
twice) payuefra, and where the first pay-ofl walue in avery
eell refers to player 1.
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The first rule 1s introduced to prevent the possibility of
wore than the one form of tacit collusleon, L.e. taclt sgres-
ment to play AA. I the ineguality in the first rule is re-
versed, ancther form of tacit sollusion is possible, namely,
an alteration betweon AB and Bi, assuming that the zome {s
repented, The second rule 1s introducsd to motiveto wach
player to play non-cooperatively.

In FD games; B dominstes A in the gawe~theorsile sense,
In game theory, one strategy dominates another 17, and only
if, in using it a player does no worse and, in genersl, better
regardless of the strategy chosen by the other playsr. Howe
ever, the joint choice HB results in & pay-off (x,) to each
player wnich 1g smaller than the pay-off (%1} associated with
AL, nence the dilemma. For & detalled deseription of the gasme,
the spureez are Luce and Eaiffa,u Rapoport and ﬂhaamaﬁ,§ and
Rapoport,® Heviews of experimental studies of D up to 1962
are given by Rapoport and Orwant,” and up to 1965 by Gello
and HeClintock.”

4 Luce end Redffa, Qp, Gdt., xi-509 p.

5 A Eapag ort amnd 4, Chammah, i
Bhiversity of Michigan Press, Ann,ﬁwﬁa

6 A, Repoport, Iw . SRIE . AR the Lasentis)
Alaaz, Univeraity of %1ehigan Praa&, Ann «rbar, 1980, 259 p.

7 &. Eapapare and ¢, Orwant, “zxywrimmmtnl Gameanr A
Review,” Bajs golenge, Yol. 74 1962, p. 1-37,

8 #.3. Gallo and C,G. HeClintook, “ﬁ@aﬁﬁfﬁttﬁ% L
ﬂamga&ztivw Emhaviaf i& ﬁ&mwﬁmﬁWtivﬂ Gomes,.” Jau ¥
i s A T 1R EE Ay Ry I Yol. 9y 1@:’? ﬁ, Tw wﬁ“ﬂ?é
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2+« Hesearelh Litersture,

There have been three major trende in gess litersturs
whienh have attempted to provide an explapstion for the ob-
served fact that players do not, on the vhole, play satipnells

in the gase~theoretic senss, that 1z, by meking their cbolees
in targs of thelr dominsting streategles acusrding to the
Ymindmax” prineiple. " dnimaz® in game theory refers to that
strategy which will minimize a player's loss, if hs should
suflfer & loss., Attampts st & poasible rationsle for tols
observed discrepancy between vwhat game theery prescribes and
the subjects! actusl game-playing behaviour have tried to
clarify FD findings in terme of: 1) parsonmslity varisbles of
the players; 2) strategles employszd by the other player; and
3) such concepis ag "trust” and Ytrustworthinesa.”

Btudiss tryling to relate individusl personality
dilferences to cnolee bebaviour in D games have followed the
generalized sxperimentsl deszign of szeparating subjeots on
some personality dimension (in terms of high snd low scores)
&nd then, either matcliing subjects with respect to the same
pole ol the presumsd contimaum, or palring them in terms of
"poler opposites.” Thus, Lut&kwr,ﬂ using an "internailonallsm™
scale end seleoting subjects with extreme scbras, found that

tg TR kuﬁkax ”Imtwrnnniomﬁlimm as & Ff%ﬂi@tﬁr of
Conperative Uame Bebavior." Journ onfilet B 4 o
Vol. i, 1960, p. h26-i3s,’
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pairs stromgly “internstionalistio" in thelr persomal oriens-
tation towards the politices)l world were significantly morse
cooperative than pairs who were strongly “isolationistic.”
HeClintock, /mrrison, dtrand and ﬁallmli‘ found
sinilar results when "iseolrtionist" snd “internationslist”
subjects were paired sgeinst programmed “other vlayers” ueing
strategles with markedly different levels of cuopsrative
responzes, Alse using & prograumed opponent, but in this
case one thut responded with an unconditionally coaperative
cholece, Msrlowell reported thet extreme non-cooperators
scored significantly higher then extremsly cooperstive subjlects
on nesd aggression an? gutonomy on the Golah
izt extremely cooupsrative subjectr scored higher than none

cooperstive on need sbasement and need defsrence. For s
similar gome, Bautschlﬁ found that suthoriterianism scoraes

as mernsurad by the Cslifornis F 3cale vorrelsted signitiesatly
with zame benaviour. Subjects with low F scores tended to be
trusting end trustwoprthy, and those with high ¥ scorss tended
to be suapleious and untrustworthy in thelyr game cheloes,

1¢ €.G. Mellintock, A, dervison, 5. Lirand and ¥,8.
Gallo, "Isternatlonalism, lsolationiss ﬁtr&twgy of ths Other
’1&y@r amﬂ Eww~z&r3an Geme Bahavior," :gjf bhnoraal

11 b, Hariowe “?@yahalo%ﬁéml ﬁ@ﬂﬂ& and Ga@y&r&tiﬂa
vz, Competition in & -0 5 YN %" raveholosical Hepoots
Vol, 13, 1963, p. 364,

iﬁ %@ 9au%$eh¢ "Qruﬁtv %ruatwwmthia&m&, snd the P Sosle,"
P AL, B4 oy 430 RN A Vol. ﬁlz l%&g
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Hore recently, Shure, Mecker, Moore wund K&llwy,lg
using the Shure-Meeker Forsonslibty sttit somposed

of slx feetored-senles, found interesting personality corre-

lates in two-person, nonezero-gum games., They reported that
high "eonciliators." “squalitarians® snd “risk-svoiders®
sarned more, respectively, than pairs compozed of low
Ycongiliators,” “suthoriterisms” and "risk-seshers.”

Studies involving strategles 25 sxplanatory soncepts
for the observed FD game behaviour have been more interssting
from the pelnt of view of presunting the ratiomwle in more
dynemic terws than the previcus (sistie) spprosch in terms of
personality differencss., These studies have ususlly beon
designed in such & way ss to control the strategy of ane of
the players in some predetersmined fashion, snd study what
influencing effect, 1f sny, this hes on the strategy of the
other player., Ihe player vho playz the predetermined set of
strategles 1s & confederate or “stooge” of the experimenter;
vecezlonally, the preprogrammed “other” hes been sn electronie
computer unknown to both players.

In the literature reporied to dete, five typss of
strategles have been studled ss to thelr effect on the choloe
hetmviour of the other playsr. IThese strategies sre: 1) totsl
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unilateral cooperative strategy; ~) tetal wdletersl Aefegs
tion atrategy; 3) random strategy; b4) matehing stretegyy end
8) partial reinforcemsnt strategy.

In the unilatersl cooparation strategy, the stooge
cooperates without regard to the subjoot's asctusl nmovesn, asg
can be seen from the experimental deslgng of Hapoeport and
Chamnsh, 2 snd Solomon.}? In unllstersl defection, the stooge
defects without regard to the subject's moves. Under random
strategy, the stogoge cooperstes or defects aceording to &
rendos sonedule without regerd to the subject’s behavieur,

The probablility of an A or B move 1s present snd ramains the
same for every itrial., 7This type of strategy has beon used by
Bixenstine, Fotash and wilaan,lé and by Harlowe, Gergen and
Dobb, 37

Hatehing strategles have been considersd more Inturest-
ing: the stooge wmatches the actuel performense of the subject

1% Rapoport and Chammah, Op. CiL. xii-258 p.

15 L. Solomon, "Tha Influenice of Some Types ol “ower
Helationanlps and damo ﬁratugimm ﬂpmnwthawﬁwwmlnwmﬁmtmufu”‘_T‘

Iaterpersonal Trust,” Jernn.
¥ola 611: lﬁ'ﬁfﬁg Pa 323"’? @b

1% ? » b 4 ﬁiﬂm%tﬁ% % llie IR ’Wm %%& éﬁm"? mw y y W 11%&*
“Eifteots of Level of &aa?mrativm Cholon bg the Other Fla
am ahaiaaﬁ 1&1& Friaaﬁar ® ¥

8 Dilesmn mumm, e I," ;Mpﬂw;\
gloge, Vol. 60, 1967, p. 30 ;

1? D. Marlowe, K.J. Oergen and A.H, Dobb, “mﬁﬁgﬁﬂmt*ﬁ
rearsooellity, wﬁ?@ﬂ@ﬂ ima af d@%i&l Intwwaatimmﬁ wnd t&rw
fﬁ?&ﬁmﬂl Bar apoal of Parzonmsiity and Socisi
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in "tit-Tor-tat” {sshion, whero thy matening 18 of the sube
Ject's current move or of his previous ong, In the lstter
cgsge, & player who deflectued on ong trial would be faced with
defection on the subssguent trial. In such stretegles, the
level of cooperation by the stooge lg entirsly contingsnt
upon the subjeot's own poerflormance as shown by Komorits A6
sartisl reinforceunent strategy lies betwsen the
random and matehing strateglest the ztooge's responsss to
particular moves are randowmly selected but with one probabllity
for s subject's cooperative moves, end a 24f7erent prohbabllity
for bls defecting moves, Hence, the proportion of times
cooperation will be rewarded or dafection punished csn be
predetermined. For example, sighty~five par cent of subject's
esoperative moves sre met by A responses while sixty per cent
of gubject's B responses are mel by dafsction. Sugh reinferce~
ment schedules have been charscteristic of the uﬁrk af

F¥lyanyn, Agney snd nmmmﬁrth,l and Yomorits,®

1d 8.9 Kmmmwitu, ”&a&pﬁrativa unmiam 1& & zriﬁaﬁ&r‘ﬁ
fﬁil%m& lome " o RULTalOL.J Lilby sogd Soedal Favelslow

19 £, Pelyshyn, H. Agnew and J. Dllingworth, *Come-
parison of Inﬁiviﬂumla &mﬁ *&ira LT aaxtiaiﬁammm 1m o Hized-
%ﬁﬁ.’fiﬂ W,M & LRI TY R Sl ViRl M‘ ’P‘ v?ml‘ 1{: 1%&@
Do 1220,

20 Eoworita, Up, Kit. , p. 241-745,
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In general, studies on strategies, notably buy
Bixenstine gt gl..%l McClintock gf al.,>° and Sermat,®d have
shown that 1t 1s 41f0icudlt to influence the subjeot's game
strategy by varying systemstioally the strategy of hiz partner,
However, 5@0&&13“ found that, in & "D game, a atooge vho playsd
competitively fer the first ten triale znd then became unoone
ditionally cooparative {totsl unilateral cooperatien strategy!)
produced more cooparstion in the subjscts then 418 a2 stooge
whe played unconditionslly cooperstively throughout the rifty
trials of the auperiment.

Bixenstine snd Wilsonc? found that the stooge's
initial level of cooperation had e gignificant effect on gube
dectts game strategy, #nd alse Interscted wiith the pex of the
subject and the persomality meesure of sthleallity. The level
of sooperstion observed in thalr study was generslly balow
£ifty per cent.

21 Bixenstine gb pl., Soa.Sif.s p. 300313,
24 %aﬁllﬂtﬁak<ﬁ£“ﬁlbg Qﬁ“”ﬁiﬁwg Pa &3}*636«

&3 Ve m@rmat, ”ﬁma?%rntivm Buhavior in a 'dlxvd-Hotive
Siit Zagd 24 f**@*‘*JNQ Wﬂlt 699 lg&h* ?; 21?*

@&Mﬁ,“ *
239,

2 &, Seodel ”Ihuuawﬁ bwllabarat&an in Soms &ann
Lurgelivm Oumes cournal of Confllet Rezolition
1962, p. 335-3%0.

25 V.E. Bixzenstine and K.V, Wilson, “Effects of Level

ol Cooparative ﬁhﬂiﬂ@ by the Other slayers in a Irisoner’s
ﬁii@ﬁma Came: vert I1," Joprmel of sbnorzel end Socls]
wQ‘Jfég §ﬁlﬁ éfg i 539 De ﬁ@“' f
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Sermat and ﬁf@ﬁﬂVi@hgﬁé using » ehicken metrix (&
game somevhat almilar to PD) and heving the simuleted other
player mstch subjeet's ehoices with & one-trisl lag (the
*tit-for-tat® strategy), found that subjects wers signdficantly
wore cooperative when thelr Ffirst choice colncided with that
of the other player, than when it did net, A4 second study by
Sersmt,?/ employing the seme chicken matrix, showad thet one
hundred por cent competitien from the other playsr produced
wore cooperation in the subject then did one hundred per cent
cooperation.,

in his latest study, Ssrmet<® investigated the effect
of pregsme treatment an subseguent performence sgainst s tit-
Tor-tat strategy, using a Fh snd a ohicken matrix in four
experiments. A pre-arranged program, simulsting the “other
player,”™ made thirty econsesutive coopperative or competitive
cholees during & “pretreatmsnt™ and then, for two mundred
trialas,; reciprocated the seblect's ehoices with s one-trial
lag (the tit-for«tet strategy)., 4 highly significant ineorease
in eooperstive bebavicur was obgerved inm all four experiments.,

26 V, Germat and A.P. (regoyichk, "The Effect of Experi-
Hdanipulation opn ﬁ@@gawmtivw Balmvior inha Chlckon Game,”
a1 4 : o Riga S s V’Wlﬂt ] % » lﬁ 3 IMQ i}l‘ 3‘5*“'3&*

27 %mtg Wog 39 31’?*&3%:
28 wwmowene, “The iffect of an Initisd Cooperative or

Competitive Treatmont Upon » Subjert's Response to Counditiomal
Bebayiorel Gclenge, Vol. 12, Ho. %, 1967,

mental
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The deta zuggest that sither iype of pretreatment may faeili-
tate the development of a cosperative stiretegy, 1f Tfollowed
by 2 tit-for«tat treatment, while in the absence of pro~
trestment, no incresse in cooperation cecurs.

This finding supports Sermst's aarlier ﬁtuﬁ¥,29
Here, subjects who indtlally received thirty consecutive com~
petitive chiolees from the other plsyer were signiflcantly
more cocperative at the end of one mandrad trials of tit-fore
tat treatzent than subjlects for whom tids pretrestaent was
omitted, 2The tit-for-tat methnd, when not preceded by eny
other treatment, produced a generally low level of coopers-
tion without any spparent increassge over ong hundred trials.
That & mutehing treatment by $tself is reletively insfiective
for indecing cooperaiion hms been shown by &ml@mam,3ﬁ Minas
2t 21,31 Oskewp and Perimen,3? and by Blxenstine et sl.33

30 ﬁalmm Bpa Likey pe 223-230.
31 ooty %1a&$’ A, 3&9&&1, Iy Ymrlowe and &, Rawsons,

%am#“m@aawigtive A3,$¢t3 @f'rwow@@rﬁaﬂ ﬂﬂn~£@rwnﬁum Oameg:
; sk LY AFTRL 2 k5 e)

v L3l y Yol. h, 1@&&, Pe 1%3”&9?#
32 8, 5aka?? and ﬁ, Perimen, "Factoprs &f?mmtﬁng

ﬁﬁﬁﬁ%rutiwn in a Prisoner's Dilemas Gome," Jou [ _Cons

oluklon, Vol. 9, 1%51 P 359"3‘?*%

33 Bixenstine, gL sl 00..Ci%¢, po F6-213.
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Finally, Woxny,3“ in an unpublished paper, invegti-
gated the effects of an extrems random strategy of the stooge
on the choice behavior of the subject under three matrix
cordiltions, where the index of aversgs advantage of competi-
tion varied from 1), through o, to -l; usnits for sach geme
watrix, respectively. The gaue was played over ten blocks
of 12 trials esch where the stooge played competitively
87% of wrials in the rirst bloek, 7% cooperstively in the
second block, than 57 competitively in the third, ete., for
a totel of ten klocks, That 1z, the stooge alierostely
defected and cooperated without regard to the subject's roe~
sponse beheviour, The oversll finding wes thet the steoge’s
strategy had an “irducing” effect on subjects' cholos be-
mayiour to respond g kind Tor sll three metriz oonditions.
The subject matched the stooge's responses fnklnd. dut the
matehing (goodness of £it) wes significantly grester for the
competitive responses than for the cooperative onee. There
wes 8 slight decrease 1n goodness of it of the compstitive
responses as the index of competition decreassed from ly to O
to -1k, zbowing that structursl festures of the matrix
influence the “inducing” eflfect,
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In sddition to both personality varisblesz and
strategy discussed sbove, the attitudinel corvelste of trust
bas been shown teo influence cholce behaviour in the PD geme,
It is clear, from & consideration of the properties of this
dilemma, that onc player's cholce hehaviour will be vary
much affected by the extent to which he Lrusts the other
pleyer to coopurmte. Deutsens? sppears Lo have been the
first soclal psychwleglst to vecognize the implications of
this game for studying cooperstive beheviour and trust in &
soclal situntion,

In this study, Deutseh examined the inilusnce of
cooperative, individualistic and competitive motivational
erientations upon the development of mutusl truszt in the PO
geme, He found that Iindividuslistioslly oriented dysds did
not differ from the competitive ones with respect to the
number of trusting cheices mede., However, contrary te
coomon-genss prediction, the individuslintie subjects wore
unable to sct rationally (by ohoosing A) in the sbsencs of
watusl trust. Thet 1s, esch player wes unable to subordinste
immediate seli-intereat for long-range group-gain, and the
relationship tended to deteriorate into sell-defesting
competition,

35 H. Deutsch, "Trust snd Buspicion,” Journal pé
; Bl ALY W@l* ﬁfig &%ﬁ%g Q# n%ﬁvﬁ'?‘%
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Dents@h,B& in & subseguent study, followed up these
results by showing further interesting relationships., Hsre,
sabjects were glven no motivational orisentation. Zach sube
Ject played the pame twice, choosing first in the [irst
position mnd supposedly having his cholees announced to the
second player (who was fictitious). In the sscond positien,
the subject wss informed that the other player (still fieti~
tious) had made the trusting choliee, A, The results showed
that subjects who were trusting vhen they chese {irst tended
to be trustworthy when they chose second; they sxpected the
same behaviour of the other player. Subjects who were sus-
picions and untrustworthy sxpected o be exploited by the
other players; these subjlects responded to & trusting cholce
by tekinz advantsge of 1t.

One major theorstical question thet has recelved
ettentlon recantly concerns the motivational bases o¢f choice
in experimentsl gemes. Fresent rescareh by Hessgiok snd
Aeilintoekd” indicutes thet &t lesst three motives are opere-
tive in non-zero-susm gemes, namely, saxismlizing own gain,
paximizing Jloint geln and, meximising the difference betwsen
own and other player's gain,

36 Hw ﬁwutaah, ”ﬂwuaﬁ, fruE%WﬂTthiﬂﬁﬁﬁ, and the F
FIVHN v E Yy B bl SRR « Vol,. &1;

37 DLW, Mesgick and €.0. Mellintock, ”Wﬂt&v&%&@ﬁﬁl
ﬁﬁama af ﬁhaima 1m Exywrimﬂntal Gaman," Jourpa) mgnt e
3 Boois holowe, Yol. h‘!} 1%5; ?a j :
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Studies on game behaviour have ususlly assumed that
subjects were attempting to maximize the pay-offs as delined
by the experimenter and displayud in the pay-ofl mstrix,.
Recent ressarch has clesrly demonstrated that this is nod

sluays the case, Results of studies conducted Wy Hellintock

and ﬁaﬁea13§'3§ b4, hﬁﬁtraagly sugpast that individuels do

not exclusively try to amaximize thelr peye-offs, but are more
goncerned with thelr seores relative to the other player
than with the ebsolute magnitude of thelr own scores,
Another series of sxporiments reported by “esaick
and Thorngat£“3 also demonstrate that subjects do, in fact,
tend to msximlize relative gein, or the difference betwesn

3% C.6, MeClintook and d P Haﬁa&l, ”ﬁawar& L&v&&
and Gams laying Behavior,” Jowrng Rl )
Vol. 16, l%é&, Te o=l

39 i “&rwxﬁuﬁalmﬂrax u@mpariamns of Inter-
peraonsl cotives,” goclomelsy, Vol. 26, 1966k, p. hob-hz?,

L vecemew~, "Booietsl lembership, aﬂﬂfﬁ Statuz and
Gaw@ Bengvimrs bk Phesnomenological &mﬁlywi& aternstdons]
¥4 s e é’ﬁla 11 1“}6&3?* Pe - 3*?3‘?.

4l wommmsom, “Revard Bnd Beore Feedbuck s &wt@rminamﬁs
of Cooparative Behavior,” Jourpal of Fersonslity snd docls
EPsyehplogy, Vol. %, Lubod, p. GOG-813,

42 emewewsee, “ipior Uysdle [ xperisace and Asnwtary
Howard g% ﬁetetminamt@ ﬁf Qmapmrmhiva mnﬂ Gampatitivm u&m@
Behavior,’ urnad. .ol Lers : & 2
Vol. §, 1967, B» 202-200

Wi D.ide “esslick and o, ?hmrmgaﬁa, "Haulative h&in
@nximiaﬂtiaa Lm L%@%ﬂiﬁﬁﬂtﬁl ‘M%ﬁ t Jowg paal. L f Sxnerimants]
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thelr pay-offs and those of the other player, undar the con~
dition of complete information sbout the other's pay-ofis.
They found thet this offeect is mediated mors by & tendency

to aveid getting less then the other playsr, than by & desire
to surpass him. An lmportent luplicstion of thelr findings
iz that of the three motives operating in Ph-type games, the
difference between own aid other's outeoms 1s more effective
in determining choice behaviour than the motives to meximize
own end/or joint gain.



CHAToH I
Tl JHos NT O STUNY
1. Formulation of the i'roblem,

The object of the presant study is to have palrs of
subjects play, over z large mumber of congecutive trials,
four symmetric games discussed by dapwpartl angd Rapoport and
Guyer.? Thess four games are presentsd inm the present bext
as figure T ané are labelled as "ixploiter,” “Luogder,”
"dere,” and "Hartyr.©

BReferring to Figure 7, eamch player has g choles bee
tween two strategles 4 and B so that, on sach tril of the
gaze, one of the four possikle outcomes Ak, AB, Bi and BB ean
be observed, Associsted with zseh such outeome is & peir of
mumbers that denotes the wvelue of the sutoome Lo the players,
The first number of such 2 peir it the vaelue of the sulcome
to player 1, and the second to player 4. In this way, by
attoching specific velues to the two chwices open to esch
player, an iacentive or “motive e crested for prelerring

one cholee over the other. And, as the maber of trials

1 A. dapoport, “wxplolter, Lw&ﬁ%r, imrm ﬂnﬁ Nartyr:
the Four Axmnﬂtyyma a% the 2x2 Game," Behaylorel Scisnes
Yol. 12, Bo. 7, lﬁéf'; P C«vl“wh’

& @‘ &ﬂ@@@ﬁ?ﬁ and M. Guywr, ) Taxonosy of cx Lames,”
&b i B ,* V(‘}l‘ 1.1’ 19&%3 Ba 43'6}3”&%3»%0
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Flayer 2 7layer 2
A B & B
A i 1 -1 2 A} ~1 -~} B
Player 1 Flayer 1
B 2 =1 -2 -2 B 2 1 (=2 =2
a) “Exploiter” b} *Leader”
Flayer 2 Fleyer 2
A B A B
A [ -] =1 2 1 A =1 =) 2 -2
Player 1 Player 1
B 1 2 wid et Bl -2 2 1 1
e) "Hapo" 4) Y 'artyr®

Vigure 2.~ Pay-0ff datrices for Rapoport's “Archetype®
2x2 Bon-Zero-Sum Gomes, where A snd B refer to the two cholees
open to sach player and where the first mumber in each cell is
the pay-off value of that suteoms to playoer ).
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becomas large, it is possible to nypothesize on intultive
grounds the outcomes that should emerge during the course of
the game.

From inspection of flgure ¢, in geme cxploltsr,
Leasdar ané Hero, the preference should be for esch alayer to
choose B over A, for by making thisz cholce, smeh would get z
larger pay~off provided the other 414 not chooze B, IF both
heappen to choose B, both are punished by the worat pay-of?,
pamely, ~2. In this respect, these three games are similar;
however, they differ in other resgvects. For ianstsnes, in
game Sxploiter, 1f ope player chooses B while the other dees
not, the one vho chose B helps himsell and punishes the other.
Buch a playsr could, thereforse, be celled mn “exploiter, In
goame Leader, if one player chooses B while the othsy doas
not, the one choosing B rewards both himself ané the other,
bat himself more than the other., Such s playsr couvld, then,
be called a "leader.” In geme dereoy if one player chooses B
vhile the other does not, the one who chooses B revards both
himsel? ang the other, but ithe other more than himself. Buch
g player could be ralled a "hero.," Uame “artyr, however, is
different from the other three besause, in this game, neither
player iz "motivated” to chocse B, If a player sbould choose
B, he would rowsrd the othsr while harming himself. Duch a
player oould very well bs ¢rlled a “martyr,”
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It 1s also to be noted that in rcames Fxploitewr,
Leader snd Hero, 1f both pleyers choose B, both get the
worat pay~off, Une could say that thera 12 no reoom for two
Yaxploltera,” two "leaders’ or twe “herces.” But, in game
Hartyr, if both choose B, both gala. Thus, there 12 room
for tvo “"martyrs.”

Gemes <xplolter and Leeder csn be further deszcribed
by oalling them "preemption games” after Rapoport. If one
player succeeds in chovsing B befere the other bhes had the
chance, he geis not only the largest pay-off but assures this
pay-off for himsell, since the other player csn now by
choosing B only impair hig own pay-off. Thus, & cholee of B
by & aingle player results in the suv-~called *equilibrium®
outcome 1in Rapoport's terminclogy. There are two eguillibeis
and the player whe chooszes B Yirst secures the equilibriusm
with the largest pay-of?l for himself,

In geme Here, esch player can socure the eguilibrium
with the largest pay~off for bimself, if the other makes the
B cholce, If both wailt for the other to make the B cholre,
both may persist in the oubeome (A} in which each loses.
However, il both try to be "heroces® by choosing B, the result
is even worsa for both, nemely, -2 pay-off to both., Finelly,
in geme HMartyr, there ls only one equilibrium, Heither player
wants to choose B, thet is to be & "martye,” yet both wouléd
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gain 1f both chose B, In this respsct, it is identlcsl with
the famous Frisoner's Ddlemms geame discussed in chapter one,

Thus, the prezent study can be viewsd as falling
withia the recent resesrch trend on motivational varisbles
underlying game bshaviour. dpscifficelly, the preblem of the
present atudy is teo translate the “metives” opersting, as
dlscussed gbove, into persmeters of & prebabiliztie model
from whlch predictions can be mads about the sctusl playing-
behaviour of the players, ss the games sre pleyad over a
repested musber of trisls. In other words, what 1s aimed st
in this study is the guantification of the "motives” pree-
guned operating on cholce behmviour and the possibility of
dsseriving thelr effect 1n terms of & mathemsticel model.

depoport considers thesv four gamss psychologlically
interesting as they bring out four distinct Lypes of
*ossychologlieal pressure” operating on esch player. In game-
thearetic terminclogy, he sees these "pressures® a3 the
motivation of a player, in meking his dwioe, to shift from
the zo-called natursl (aimimax) outcoms of the game,

The natural ocutcoms of esch game is in the upper left-
bané corner of the matrix. The natural outcome results 1if
sach player chovses hls “slndmax,” thet is, that stretegy
which will mindmize nis loss should be sulfer & less, In
games oxploiter, Leader and Hero, this outeome is net an
squilibrium becsuse both players sre motiveted to switch
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unilaterally from the nsturel outeome, In gswe wrtyr, on
the other hand, the netursl sutcome 12 sn eguilibrius, an
guteoms from which nelther player 1z motivmted to zwltch
unilaterally.

Followding Rapoport's logicel analysiz of these four
"grchetypes,” 1t 1z seen from figure 2 thet the motivational
pressure oparating on each player in gasmes syploiter and
Lesder 13 to switch from the AA outeome~-~in pther words, to
preesmpt the other in order to secure the lergest pay-off for
hims=ly. Thare is, then, motivatlon eperating on cach pleyer,
&t the beglinning of each trial, to choose B, 3Similerly, in
game Hero, the pressurs is npl to switesn from A4 in the hope
that the other player will switeh, and in game mrityr where
the A4 outcome 1z an sgullivrium, the prassure operating on
eanch player 1z also oot te switoh., In teramx of the twe
eholesy open to esch player st the boginning of asch trisl, in
games Hero and Martyr, this meens o presgsige to choose A
sver B,

By sssusing that thess motives chamnel cholee be-
havicur iato particular cutcomes of the 22 matrix by directly
affecting tne probubllity of being in & given outcome on sach
trisl of the geme, i1t should he poasible to study the dynamic
interplay of thess motivations in terme of & probabilistis
wodel, end hopefully determine whether s cormection doer exist
between Rapoport's legleslly deduced Ypressures” and ths four
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outcomes (AL, AB, BA, BB}, nctuslly observed, as tho game 18

playud repestedly over o large nualer of trials,
2+ The “arkov Chain . odel,

On the assumpiion, therefors, taat tas distribution
of sctugl ocuteomas durdng thw course ol the games 1s governed
by the interplay o the pressure "to swilch or not to switeh”
at the beginning of each trisl, an attempt will be mads to
apply farkov chain tneory as n poasibls medel to dssoribe
the game hehaviour,
Followling Femeny and mnwll,g & Jarkoy chein is &
satnsastical model for desordblng & certadn type of process
okt moves in x segquence of slops Lhrough & set of states.
The preocess is & stocheptlie one amd the number of states
through which 1t moves may b slther infinite or findite. I
the number of states fs finite, denoted Wy 8y, 33, By evs Bpy
we nave & Finlte .arkov ehain for which the probeability of
gntering a certain state depends only on the last state ocoupled.
when the process is in ziate 53, there is probabllity P13 ghat
the next position will be state sy, Tne matriz » # pyq. 1
called the trsnsition wetrix from every state sj to 835 sll

of its entries sre nonencgebive and 4ts row enterles suam wp to 1.

3 JG, Kemeny sod J.L. Gnell, f;a‘a,,mm;;_u ehadns
van Sostresnd, Princaton, B.J., 1060, vill- Do
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In genwral, findte wrkov cheins are il feventisted
into two spwcial types ol ohelrs: abeorbing and ergodic,

& state 1s absorbing 17, onee entersd, it is newer loft,
Consequently, & chein {2 sn nbasorbing chedn 4ir it has at
lagat one absorbing state and 1f from svery state 1t isg
possible, not necessarily io oone step, to resech an absorbing
state, An ergodie chaln, on the other hend, is & emgin in
wisden 4t 13 possible to go Trom every state to every othsr
state, not necsssarily in one step. An lmportant spesiasl
case of an ergodic chain is the so-called regulsr chaing @
chain such that for some n, &P h hes ap zere satriss, The
average Fe-matrix for each gesme in this study setlizfles this
conditicon and, therefore is regular. (G, Teble V in Chepler
IXI, ezults and Liscussions,’

Aatrix slgebre plays s baslc role in this theory,
According to© Kemeny and 3mﬁl1¢§‘ia a regulesr Markov chain
the probability of moving from state &3 to 2y in n steps is
given by the 1jth entry of 7%, snd the fraction of time
(steps) thmt the process can be sxpected to be in state sy
tor a large n 1z given by the limiting valus aé. The value

a4 iz calelmted Irom 5 basic theorew for regulsr ohaling:

b The symbol 7 meaus "F polzed to the power n,©
where n esn take on integer valuss of 1, 7, 3y swe T

5 Kemeny anc Gowll, Op. (., p. 69«74,
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1im #B = 4 (1)

fn—> o0
where & Is & probability mateix having in cach row the same
probabllity vestor oA {8y, 2, «v» 8]} whoss components add
up to 1. The matrix 4 and vector oA ere then thr limiting
satrix and vector for the Harkev chain dwtarmined by ¥,

Farthermore, if T 1s definsd as & row vactor whose
companents give the probabllity of bedag in the varicus
states at the pressnt moment, then .7 gives the probabilie-
tiss after one step, and T - 4B gfter n steps. For a large
n, emceny and 3%@116 show that

e T .08 = = ()

n> ot

where o 12 the zame as glven in (1) and is relnied to & by

A= ook (3

This vector can have two interpretations: 1) zs messuring
tae smount of statistlical equilibriws achieved by 2 regulsr
chain after a large mumber of steps; and 2) as giving $he
limiting valus for £ifferent inltial probabllities durlng
tiae nistory of the chain. This unigue wecter is referred o
gg the stationary probability vector of the chain,

In ovdar to determine asuch & chaln completaly ss it

moves from stete 53 to state sy over n steps, it iz only

& Kemeny and Snell, Png bit., ps 71,
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necessary to detarmine the transitlon srobatility wetrix P
over the n steps and the Intitisl probability veector 77-.
Az there does not appesr to be & way of caloulating T
fdirectly &t cach moment in the chain, ok hss been proposed
83 & good average spproximstion by Snell’ and by Atkinson,
Bower sn¢ Crothers,” By substituting ok for 0 y the prow
bability of finding the chein in esch of ths states at any
time during the kistory of the procszs can be celoulated,
Btrictly speaking, when fesling with Markov processes,
F i determinud by counting the number of transitions from
84 to 84 in the complete seguence of n steps, as sesn in
studies by Bernbach? and #ixe.l" G&ince the interest of the
present study 1z in siudying the effect of Ypressures® pre~
sumed sy determining the ztate of the process, counting the
mimber of transitions [rom stete to stete would not tell us
anything about the underlying pressures and whet e«ffect they

ks ¢n&ll, "utocheatic ! rac&ﬁsaa@“ in K.o. Luee,
R.B. Bush and J, Galanter {eds.), u;w'- a,v?”f»‘hﬁ»wzwmw

;ﬁggﬁg&ggg, %il@y, Hew ;0rz, Vol.

B Heh. Ewrnnaa i "oerivetion of L@%ﬁﬂiﬂﬁ i?&ﬂﬁﬁﬂ

Statistics fﬁt & Genera Mmrk@v Hodel ,*
Vol jl'g m:?» », l""&é e S :27 l‘i

10 Ak, 1vike, utochastio Hedels of Cholce Behaviouwr:
ﬁﬁwywnﬁw J?&ﬁ&hilitiﬁﬂ amm Lat@nwia& aﬁ ﬁ&n&%@ ﬁmrkmvwﬁﬁ&im
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have, il any, on the course of the gene, In order Lo do this,
the presumed psyohologiosl pressures wust, in some way, bé
reflected by or comnected with the stationary probability
vector <X,

Henoce, let us define - o tefme of jolnt probsbili~
tics of the “pressures” acting on both playsrs to switeh or
not to switeh from the natural outoome Ad &% z funciion of
the state in whleh the players {ind themselves, Filnding™tfoy
such & - gives the hest ostismnte of thls "prezsure” on both
pleyers st sy instent of time in tiw chela, /4nd, sssusing
from dxpoport'y analysis, thet this pressure operating at
time n-1 in stale sy directly affgsots belng in state sj at
time n, then <¢ alsc glves tho expected probebilitiss of
setually being in esch of the four states A&, AB, BA, and
BE Guring the course of the gaus.

For matriz bxploiter and Leadery let vz deline this
pressure Lo switeh frow the nstursl puteome (44 as the proe
bebdlity of clwosing B following each of 44, AB, B and BB
outcomes, For matrix Hero and Mertyr, let us define the
presumsd pressure pot to switch in terms of the probebllity
ol chnovsing 4+ following sach of 44, AD, B4 snd BB, -ith
respect to this method of delining vearisbles, tha present
study shows simdlarity with studies by H&ﬁ@ﬁﬁfﬁ‘ﬂkﬁmﬁ&nll

11 A, Hepoport, A, Chesmmsh, J. DJwyer and J. Gpr,
sThreg-rerson Sou-lero-osun Aonw-degotinkle Geases," Peheyioral
5 2 ‘m}.; ?; 1{3%;@3 Bw W”%t
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Rapoport and ﬂ&la,lg MBPOPOTE Brul .mwmhﬂwtia,13 and
Ra§npsrt.1¥

That is, for mateix ' xplolter snd Lesder, leot 2gy
where 1 = 1, 2 corresponding to player 1 snd player 2,
respectlively, be dufined g8 tee probability of chonsing B
following Ah and be expressed s ay = ¢ (Bilﬁﬂ}. 34milerly,
for choosing B, following AB, BA and BB, let

and w, @ (rsﬂm}

In a similar manner, for derc and artyr, let us
define Xy, yi, 2§ and wi as
g = U (ag)A8)
Vi = ¢ (hyg|aB) ()
3y =1 (Aq|B4a)
and Wy = P (4q|BB)

12 4. ﬁ&;@@ﬂfﬁ and ¥y Dale, "Models for Prisoncris
*ilgwma,”47;:r_,: gl Het Miwwf”w. cainhology, Vole 3, 1966,

12 smnon Rapoport and A. owshowits, Ulxperizental
Stﬁﬂiﬁs af @tmshmaﬁiw Hodsls for the Prisoner's Dilesma,”
i PEAES ‘vm J‘:}li 11; Eﬂw ‘%r}'p 1”6@, pm M ‘*‘!‘}ﬁﬁéﬁ

lh hmnon ﬁapmﬁwrh¢ “Ootimel Yolicins for the “risomer's
ﬁilm& # 5’ i 3 6 P W g 4 Wﬁ«}no ‘?2*‘ R‘ﬂiu ;‘3,, 1?&?*
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From a consideration of Explolter and Lesder in
flgure 2, vwe obssrve that at esch step in the sequence of n
stepa over vhleh the gemes are played repeatedly By is either
the outcome B4 or BB, and that B, 1s 4B or BB. For Hero snd
“artyr, this glves A4 a8 AA or AB, and A, as AA or Bh. Dub-
stituting thiz in squations (&) and (5) abowe, redefines
ipte following each
of the four poasible siates. Iz tuls wey, each player is
characterized by a set of response probabilities defined in
teras of the "presasure” opurating.

Xgy ¥qr g 80 wy in terms of g0

These pregsure probabilitiss are next combined to give
the sixteen transition probaibllities, the parameter values of
our model, Figure 3 glves the transition mstrix F for
fxploiter end Leader; figure % glves F for Here and Hartyr.
To get P, es shown in both these flgures, the meximus 1ikell-
hood estimptes of thesy parszelers are compubed for csoh pair
of players. They arz cnlled meximum 1likelilwed following the
terminclegy colined by Anderson snd ﬁm@&ﬁan.lg

For exsmple, to get Xy, the meximm 1ikelihood esti~
mete of %y, we count all the instances in which following A4
enel player chose socording to the operptionally observable

motivationsl “pressure® as defined sbove, Dividing this

1% T.i. Anderson anﬁ L A ﬁ@aﬁmnn, “ﬁtatimtin&l In-
ference About Markov Chains,” Anmsls of Makhal Gyatine
m, Yol. gﬁ, 1@5?& Pa ﬁ%”ll@%
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BTAT
A4 AB Ba B

{1-x3)(1~xp) A{l=-xyizy x3{l-x3} x3x3

(1-73 (125} (l-yp)8s  y3(1-23)  yq2s

i e B 3 L

(1243 (=75} (l=zpdys 5 (Q-yy) B¥y

8 F & £

(13 ) (Do) (Rewqlun  wy(dewy)  wywy

Figure 3.~ "Pressure” Transition Matrix ¢ for (umes
Exg}ﬁitar and Lesder, where each cell entry is ths jolint pro-
bability of transition from the state indicated in the column
&t the left to the state indlcated in the top row, and where
the x's, 7'8, 2's and w's have the same mesaning as defined
by squation (h) on page 9.
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BTATESE
Ak AB Ba BB

3 AR x4 X x3{1~%5)  (Yemylxg  (lezy ) (lexy)
T
i AB b5 L ylil«-'z g) (l*yl ) 52@ (1*}”1} (1*&2 }
T
& Ba e oY {1~y 3} ( 1*21 3 Ve {lﬁ'ﬁl 1=y 3}

BB W wyllews)  Qewgluy  (Lewy ) (Qewy)

Pigure Y,~ "Pressure” Transition irix ! for Oumes
Hero and Mertyr, whers sach cell entry is the Joint pmm%uuy
of treasition i’m the state indicated in the colusn at the
left to the state indlicated in the top row, and where the
X'8s, ¥'5, 2'3 and vw's have the same meaning as defined by
equation (9) on page 29,
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mmber by the total mumber of ocourrences of Ad gives Ky
Similarly for the other parameters., This is done for esch
subject of & pelr. Aversge values are then esloulated over
all pailrs playing the game, and the P matrices are compated
according to the entriass of figures 3 and %,
Caleulating the unique probability veetor oK gives
the proportion of time that the game-~playing process csn be
expected to be in emch of the four stutes (outcomes), Compari~
son of these predicted valuee with the actusl mmber of times
that the grase-process is in each of the four etates will
show how well the presumed pressures chamnel the game bebaviour.
In order to obtain a messure of the total deviatioa
from equilibrium durinmg the histery of the chain, & matrixz Z
1s csleulsted. Following Kemeny and 5nel)*® 17 ¢ 1s the
transition matrix for & regulsr Merkov chein, and A the
limiting metrix as given by equation (1) above, then

Z=[I - (P=a)]") 0r in 1ts expanded geometric form,

o
2= I 2 (#hay) {63
n#1

where I is8 the ldentliy matriz of same order &8s F. Z 1s then
sagental petrls for the darkov chaln determined by P,
Pinaslly, from 2 & matrdx C iz cslewlated which, for

the purposes of the present study, completesthe deseription of

16 Eemeny and Bnell, Op, Cit., p. 5.
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the behaviour of the regular ‘arkov cheln azsumed to espress
the dynamics of the wmotivations) pressures, Matrix € 1s s
covarliance-verisncs matrlx for the number of tlmes the pro-
cess 18 1n esach of the four states motivated by the "pressures.”
According to Kemeny and 8nell,}” the ofr-diugonel entries of
L are caleulated by

e43 % aq 44 * Bjieg = ﬂiﬁij - &R (.3
where &4, &4 are components of the limiting wvector of
squation (3); 244 the 13th eatry of matrix Z; and where a4
are the off-dingonal zgro entriss of a disgonal metriz I,
whose disgonsl slements 444 = 1/ug. The off-diagonsl
elements cyqy represent the limiting covariance for the number
el times in states 54 and sy in n steps, and the valuas ogq
give the limiting varlances fer the mumber of times in
state ag., The ¢y entrics are caloulated Ly

Gyq ® &4 {Ezss~1~aj} (&)

where & is 22 defined above, snd vhere %33 are the 4ilagonal
entries of matrix Z.

From €, the limiting correlation for the number of
times the process, as determined by the "prossures,” 1s in
84 and 54 can then be caloulated hy

VARCTIRNUT!

17 .Wii’ Pe &51
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The ria*a will show the extent and directionality of the
“pressure” for chennelling the process into the particuler
states of the chain. This completes the deserintive mathe-
maticel gquantities for the model.

3. Experimental Method.

Bubjects.~ The sample comsisted of forty mele grafu~
ate students {rom the Faculties of Feychology end Lducation,
University of Ottewa., The sublects were divided into dyuds
end randomly sssigned to play one of the lour gawes, Ten
prirs were run per game zatrix,

Apparatus.~ The sxperimentsl spparatus used ia this
study waz the Game Theory spparatus designed by Ecﬁwmrta,iﬁ
whieh 13 degeribed fully in Appendix 2. By mesking one com-
plote rovw o column of squares on $sch sublept psnsl, 2
2x2 satrix was produced, The left butiton on sach pansl was
enlled the & eholce, and the right buitteon the B choice.

Procedure.~ Palrs of subjlects were sested in front of
individusl panels with the spproprizte metrix displayed on
them, Tue game matrices employed were those glven in figwre 3,
The subjects were separated by & visusl barrler sné were not
alloved to communicate with cach other in azny way. The

A S Re T Kl B & ,

: N " T s v::v’ - a — _: »‘ "
dygtems C ; hriahtmﬁazt&rﬁﬁm &1r Force Bu@ﬂ,
Dayton, ﬂh&ﬁ* 15@& 'y P
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instructions were taped and identical for each of the lour
groups; also, they were purposely mede noutral with respect
to implying cooperstion or competition. Deutsend? notes the
importance of this control, and his suggestion was followed
in the present procedure., Tne task wesz explicitly stated ms
belng an sxercise in decision-waking, where the gosl was to
sccumulate points,

The gamvs were played undsy conditionsz of perfeat
informetlon where vach subject knew, at the end of ssen
trial, the smount of his pay-ofi and the other person's saye
off, In eddition, each subject was glven & continuous cumue
lativs feedback of his own totsl points at the end of asch
triazl, but no feedback as to the cumalative totsl of the
other sublect. The reason for not giving this information was
et to have subjsets "lock-in® on & competitive strategy and,
hence, obscurs the operstion of the presumed pressurss beling
studled. Furthersmere, sll subjects played under Yfreo~play”
conditions, i.e,, under no predetermined stretegy feedback
from toe experimenter,

subjects were run for two hundred consecutive trials.
The beginning of esech trial was indicated to emch subject by
the on-set of & green light on his panel. The session started

19 ¥, Deautech, "Trust end duspielom,” Jourmsl of
k RN (ki leﬁ gﬁa 1%%&9 gfp fﬁ,}ﬁ?}*;ﬂﬁ@g
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on the experimenter's signal and, after doth szubjects had
made a choice, the outcome light 1lit up for the approprlate
cell in the matrix. The indicated pay-ofts remained f1lu-
minated for approximstely {ive seconds hefore the beginning
of the next trial., The experimenter recorded the conssottive
ocourrence of the four possible outeomes go as to obtaln e

contimious history of the process for analysia.



CHAFDsH ITX
ReSBULTS ARD DISLUSSION

The maxtmum likelibood estimetez ol the peyehologliosl
“pressures” operating in each ol the gemes mre prezented in
Tables I to IV dnelusively., The tablass show walucs for eack
palr playing the game us well as averagy statistics from whien
the transition matrices nave beeu caloulsiid. The ' pressure”
transition metrices are shown 4n Teble V, From thess metrices,

A vectors vere cslculated predicting the proportions of the
actual sutcomes that should cceur in the two hundred repested
trisls of the game,

Table VI shows the observed svd predioted dfstribution
of the four outcomes for wach of the gewss. By inspection, the
f£4t belween obtained and predicted proportions iz clese for
~xploiter, Leader and Martyr. For gume Here, the observed
velu«s 4o noi approsch the predicied ones, ths discrspency
etveen them belng, sgsin by inspection, rethar large whan
compared with the discrepancles for the other thrve games,

Thage results apre mnst interesting. For thwree ol the
four zames, the traneition probebilitiss of the sspumed moti-
vational matriz | 4o gemerste the sotual soguanee oy oulcomes
obsarved in the course of the gase. The results oloarly shows
that the x, ¥y, % and v varisbles ars tne determining lactors
in the predlcticn of the gbeerved proportion of outcomes, These



Table I.-

Calculated Joint Probabilities from Observed Late for Game txploiter as Defined
by the Transition atrix of Figure 3 on page 31, for Each Pair of Players
Separately and slso the Average Values for the Whole Group (R=10).
(The letters x, y, 2z and w are defined on page 29; the digits
1 and 2 refer to the two pleyers.)

39

air

- (1exy)(1-x,)

(1-x1)x2 xl(l—xz)

X)X, (1-yy)(1-3,)

(1-yydz, vy (t-zy)

Y122

3]

9

(.637)(.509)
(.358) (.&u6)
(.500)(.000)
(.319)(.728)
(.223)(.667)
(.667) (. 50%)

(.637)(.591) (.363)(.%09)
(.356) (L714) (.642)(,286)
(.500)(1.000) (. 500) (.00C)
(.319)(.272) (.601)(.728)
(.223)(.333) (.777)(.667)
(.667)(.416) (.333)(.584)

(1.600) (.000) (1,000) (1.000) (.0CC) (.000)

(. 267)(467)
(.3203(.650)

(.267)(.533) (.733)(.467)
(.320)(.320) (.660)(.600)

(.363)(.591) (.667)(.366)
(.642) (L724) (429)(.500)
(.500)(1.000)(.616)(.250)
(.6861)(.272) (.000)(.541)
(.777)(.333) (.059)(.821)
(.333)(.1416) (.%21)(.500)
(.00LC)(1.000) (L458)(.00C)
(.733)(.533) (.663)(.362)
(.680)(.320) (.261)(.443)

(.667)(.63%) (.333)(.366)
(.429)(.500) (.571)(.500)
(.616)(.750) (.364)(,250)

(.333)(.634)
(. 571)(.500)
(.384)(.750)

(.000)(.459) (1.000)(.5%1)(1.000) (. 459)

(.059)(.179) (.941)(.821)
(.421)(.500) (.579)(.50C)
(.%53)(1.000) (. 542) (.0CO)
(.663)(.638) (.337)(.362)
(.261)(.557) (.739)(.4k3)

(.9%1)(.179)
(.579)(.500)
(.5%2)(1.000)
(.337)(.638)
(.739)(.557)

10 (.776)(.556) (.770)(44) (,222)(.556) (.222) (.} (LH17)(.hoc) (.417)(.600) (.583)(.h00) (.583)(.600)
~um o 1.900279 3.160721 2. 468721 2.462279 1.39399 2.59701 2.76901 3.21999
sall .191 .316 .247 2k6 .139 . 260 279 .322

(l-zl)(l—yz) (1-zl)y2 zl(l-ye) 7y, (1-w1)(l-w2) (l—wl)w2 "1(1'“2) Wy
(.317)(.367) (.317)(.633) (.683)(.367) (.683)(.633) (.208)(.234) (.208)(.766) (.792)(.23%) (.792)(.766)
(.260)(.477) (.260)(.523) (.740)(.477) (.740)(.523) (.070)(.216) (.070)(.782) (.930)(.218) (.930)(.782)
(.500)(.020) (.500)(.980) (.500)(.020) (.500)(.980) (.445)(.045) (.445)(.955) (.555)(.045) (.555)(.955)
(.1%9) (. 250) (.1%9)(.750) (.851)(.250) (.851)(.750) (.080)(.390) (,080)(.610) (.920)(.390) (.920)(.610)
(.076)(.k12) (.076)(.588) (.924)(.k12) (.924)(.588) (.236)(.221) (.236)(.779) (.764)(.221) (.764%)(.779)
(167)(.26%) (.167)(.736) (.833)(.264) (.833)(.736) (.072)(.108) (.072)(.892) (.928)(.108) (.928)(.892)
(.000)(.029) (.000)(.971)(1.000)(.029)(1.000) (,971) (.125)(.032) (.125)(.968) (.3 5)(.032) (.875)(.968)
(.2783(.205) (.278)(.795) (.722)(.205) (.722)(.795) (.L440)(.228) (.440)(.772) (.560)(.228) (.560) (.722)
(.200)(.435) (.200)(.565) (.800)(.435) (.800)(.565) (.256)(.46k) (.256)(.536) (.744)(.464) (.744)(.536)
(.200)(.250) (.200)(.750) (.800)(.250) (.B00)(.750) (.O46)(.023) (.046)(.977) (.95%)(.023) (.954)(.977)
. 556999 1. 590001 2.152001 5.700999 .399251 1.578749 1.563749 6.456251
.056 .159 .215 .570 L0l40 158 .156 646




Table 1I.-

talculated Joint Probabilities from Ubserved Data for Csme Leader, as Lefined
by the Transition .iatrix of Figure 3 on page 31, for rach rair of :laysrs

1l and ? refer to the two players.)

veparstely and zlso the Average Values for the whole Group (N=10).
{The l:tters x, y, 2 and w are defined on page 29; the digits

b0

’gié’.. (3exg) Q=x,) (B dx, x (1-x5) x X, (1-y1)(1-2;) (A-yplzy 711~z % (1.29) (=yp)  (d-zy)yo 23{1-y2) z1y2 (1-wp)(i-w~)  {(1-wy)wp w1 (1w )W wiwo

11 (L 50(.C00) (Le5OIL.0r0(L056) (L000) (05 (L. 0L 301)€.3.2) (L301)(.678) (.609)(.322) (.609)(.6"3) (733 (. 271) (.733)(.729) (.267)(.271) (L267)(.729) (. HCX(L7BG) (L.240)(.220) (.760)(.780} (. & )(.,2>™
12 (7150 (L103) (L7153 (,057) (G2653(.343) (, *oB)(.857) (.0C0)(.623) (L0 J(.377){1.000)(.623)(1.000)(.37,) (.OWM)(,200) (.OWM)(,800) (.956)(.200) (.956)(.800) (.OML)(.663) (.0W1)(.337) (.:59)(.663) (.95 )(.33,)
13 (L500)(.r00) (L 500)(1.000)(.500)(.000) (.500)(1.000)(.L417)(.334) (.41,)(,666) (583 ) (.33%) (.583)(.666) (.33 (.01) (.334)(.986) (.666) (.0LL) (.666)(.986) (.34 )1(.033) (.342)(.967) (.658)(.033) (.653)(.767)
(G129 (L155) 1.9 Gem5) Gu 5125 (Lo75)(.87F) (L.355)(.223) (.3553(.777) (.645)(.223) (.645)(.777) (.556)(.226) (.556)(.77%) (M4} (,226) (.MM4)(L77%) (L433)(.135) (.533)(.865) (.567)(.135) (.45 7)(..6%)
15 (L3%e)(.372) (L3WU)(.600) (.652)(.272) (.65 )(.600) (L102)(.112) (L1C7) (L.e8u) (Lb+a)(.212) (.898)(.5us) (973 (Lo40) (L973)(L.151) (.027)(.849) (.027)(.151) (.616)(.Me + (L616)(.535) (.3u4)(.%62) (.36W)(.533)
16 (L572)(..15) (L572)(¢.7¢5) e (a 15) L423)(.735) (L0163 (.091) (.316)(.909) (.184)(.091) (.184)(.509) (M6, (.076) (.546)(.924) (b5W)(.076) (.W54) (<) (.393)(.233) (.393)(.767) (.6n7)(,233) (.0 )(. 67)
17 {1,000 (. 00 (1.0003(1,0000 (.01 (L0Cn) (.000)(1.002)(.167) (.000) (.167,(1.000)(.533)(.000) (.333)(1.000) (.000)(.167) (.000)(.833)(1.000)(.167)(1.000)(.033} (.OI.)(.0s) (.0253(.756) (.972)1.Cl} (L1, 2)(.o%)
L0330 77 L3623 (LM61) (L07/) (LML) (L (3 (ae37) (a0, o) (al3)(ven) (0763)(.072) (47633(.92¢) (.215)(.606) (."15)(.39%) (L705)(.6C6) (.785)(.39%) (.743)(.262) (. 243)(.738) (.757)(.262) (.75 )(..3.)
19 (500377 ) (L5 (L770) (L500)(.226) (L500)1.772) (.MO1)(L345) (L Led)(.655) (.509)(.345) (.50 )(.655) (.345)(.302) (.345)(.698) (.659)(.302) (.655)(.658) (.303)(.219) (.303)(.781) (.697)(.19) (.697)(,701:
SO (25 (B9 (Me5)(L519) (L5975 LLS) (L575)(L51L) (L.565)(..50) (.965)(.750) (Wh35)(.250) (Lb32,(.750) (L465)(.291) (.465)(.709) (.535)(.291) (.535)(.709) (LW )(.260) (.MU2)(, MC) (L558)(. 60) (.558)(, L
sum R 4, 935106 LG26106 3.39939% . 3197k 2.7290°6 1.640026 4.893974% 1.575143 2.635857 142665 b.362143 06460 2.17454 _.loksy b4, 73446
‘een LO7h 493 03 .3%0 .073 .273 <164 490 157 264 143 A36 o} 17 Ll RN
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Table III.-

Cajculeted Joint Probabilities from Observed Data for Game Hero, as Defined

by the Transition iatrix of Figure W4
Separately and also the Average Values for

on page 32

(The letters x, ¥, z and v are defined on page 29; the digits
1 and 2 refer to the two players,)

for Each Pair of Players
e Whole Group (¥=10).

W3

rair

No.

xnx, x (1-x,)

1-xy)x, (1-x; ) (A~x,)

1% ¥y (1-25)

(1-yy)x, (1-yy)(1~25)

b L

15 (-yy) -2y,

(1-:1) (1-y2) LA

vl(l—v‘,) (1-wp v,

(l-vl)(l-w)\

n
=

Sum

Hean

(.712) (.946)
(.789)(.736)
(.904)(.931)
(. 500)(.250)
(.660)(.547) (660) (.453)
(.920) (.440) (.920)(.560)
(.264)(1.000) (,264)(,000)
(.G10)(.684) (.810)(.316)
(.90W) (L71%) (,904) (. 06)
(.855) (. W47) (.5655)(.553)

(.712)(.054)
(.789) (. 26W)
(.90) (.069)
(.500) (.750)

h.832361
RITEY

2.485619
.249

(. c88)(.946)
(.211)(.736)
(.096)(.931)
(.500) (.250)

(.208)(.054)
(.211) (. 264}
(.096)(.069)
(.500)(.750)
(.340){.547) (.340)(.453)
(.080)(,440) (.060)(.560)
(.736)(1.000)(.736){.000)
(,190) (.684) (,190)(.316)
(.096) (.71%) (.096)(.286)
(185 (LB47) (L145)(.553)

819381
082

1.862619
.186

(.333)(.990) (.333)(.010)
(.076)(.300) (.076)(.700)
(.684)(.705) (.884)(.29%)
(.010)(.020) (.010)(.980)
(.636) (.440) (.636)(.560)
(.923)(1.000)(.923)(.000)

(.667)(.990) (.667)(.010)
(.92)(.300) (.92%)(.700)
(.116) (.705) (.116)(.29%)
{.990) (.020) (.990)(,.980)
(.364) (. e40) (.364)(.560)
(.077) (1.000) (077} (.000)

(.000)(.994) (.000) (,006) (1.000)(.99%) (1.000) (,006)
(.000)(.645) (.000)(.355)(1.000)(.645)(1.000)(.355)

(.011) (.056) (.011)(.94k)
(.923)(.573) (.923)(.%29)

2,706379 1.089621

271 .109

{.989)(.056) (.989)(.9%s)
(.077)(.571) (.077)(.429)

3.014621
.301

3.189379
.319

(.277)(1.000)(.277)(.000)

(.972) (03¢

(.647)(.38%)
(.968)(.978)
(.360)(.527)
(.833)(.0%)
(.14h) (.000)

(.971)(.062)
(.647)(.616)
(.968)(.022)
(.360) (.473) (.6%0)(.527)
(.833)(.9%9) (.167)(.c51)
(.13 (1.000) (.856)( .000)

(.029)(.938)
(.353)(.36%)
(.032)(.978)

(1.000)(.907)(1.,000)(.093) (,000)(.907)

(.968)(.988)
(.857)(.432)

4,868521
R/

(.988)(.012) (.012)(.98.)
(.857)(.568) (.143)(.432)

2.176479
.218

1.336479
13

(.723)(1.000)(.723)(.000)

(.029)(.062)
(.353)(.616)
(.032)(.022)

(.500} (. 250)
(. 500) (L4cOY
(.142)(.857)
(.6%0) (.473) (476)(.547)
(.167)(.949) (.692)(.384)
(.856)(1.000)(.000) {.000)
(.0007(,093) (.857)(,571)

(.500)(.750) (.500)(.250)
(.500)(.6C0) (.500) (.40}
(L142) (L143) (.850)(.657)
(476)(453) (.524)(.547)
(.692)(.616) (.308)(.38W)
(.000) (1.000)8.000) (,000)
(L857)(.429) (LAM3)(L571)

(.000)(1.000) (.000)(.000)(1.000)(1.000)(1.000)(.)

(.50 V(.75 )
(.500) (.600)
(.858)(.143)
(.524) (L453)
(.304) (.616)
(1.€00) (1.060)
CAvDY 9)

(.012)(,012) (.500)(1.000) (.500)(.000} (.500)(1.000) (,500)(.C00)
(.143)(,568)(1.000) (.500) (1.000}(,500) (.000)(,500)

2462141
U6

1.616521
.162

2,204859
220

3.046659
.305

(ooeey (o)

2.286141
2729
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Table IV.-

talculsted J int rrobabilities from Ubserved atc for Game dartyr, as Defined
by tne Transition atrix of Figure 4 on page 32, for .ach s xir of Players
veparately and also the Average V.lues for the vhole Group (N=10).
(The letters x, 7y %2 ana w are defined on page 2¢; tne digits
1 and 2 refer to the two subjects.)

"For ’ - - 1-w,) (1-w,)w (1~w, ) (1-w,)
Fo. X)Xy %y (1-x3) (exgixy  (1-%9)(1-xp) y12, yp{i-2,) (1-yy)zp  (l-ypX1-25) 25y, 5 (1-y,) (A-zpdy, (1-2))-y,) a¥, Wy (1-w, ¥ i 2

31 (o 03339 ot o) (Le61) (L1023(.339) (L102)(.661) (L79%)(L65%) (. 54)(.346) (.246)(.65%) (.246)(.36) |(.580)(.698) (.580)(.302) (.1420)(.608) (.420)(.302) (.000) (210} (,0OC)(.4C) (1.AC)(.210)(1.0C0Y (.70 )
32 (L753)0.623) (L7531(.1 ) (L w7)(om3) LATIC77) (W75 Cern) (L7000 201 (L.250)(.800) (.250)(.200) [(.333)(.46M) (.333)(.536) (.667)(.46k) (.667)(.536) (.3C )(.262) (.309)(.738) (.691)(.262) (.691)(,738)
33 (o) (L W) (L656)(.056) (L1 B)(. b ) (L14M)(L056) (.615)(.500) (.615)(.500) (.385)(.500) (.385)(.500) [(.6871(.769) (.687)(.231) (.313)(.769) (.313)(.231) (.353)(.176) (.353)(.824) (L.647)(.176) (.647)(.824)
W6 )z (L6 2)(L10) (L37250.820) (.372)(.180) (.508)(.470) (.508)(.530) (.492)(.470) (.%92)(.530) |[(.970)(.322) (.970)(.676) (.030)(.322) (.030)(.678) (.862)(.k48) (.862)(.552) (.138)(.k48) (.138)(.552)
35 (L0 2)(.687) (W0 99(.313) (.f 1I(.6& 3 (.021)(,313)(1.000)(.000)(1.¢ (v ) (1. C)(.000)(.000) {.000)(1.000) [1.000)(.251)(1.000)(.709) (,000)(.291) (.000)(.709) (.000)(.000) (.000)(1.00C)(1.000)(.000)(1.000}(1.000)
36 (.o1%)(.732) (LAM(.060) (L1 53(.73 ) (L186)(.76¢) (L541)(.711) (.541)(.239) (.459)(.711) (.459)(.289) |(.440)(.916) (.Whs0)(.0BW) (.560)(.916) (.560)(.084) (,0C0)(,580) (.000) (.420)(1.000)(.580)(1.000)(.420)
37 (0 1020.662) (. 1703300 (b 016623 (.2,0)(.338) (. 30)(.655) (.736)(.345) (.264)(.655) (.264)(.345) [(.685)(.%73) (,655)(.527) (.345)(.473) (.345)(.527) (.645)(.35%) (.6L5)(.646) (.355)(.35%) (.355)(.646)
35 (o U3 o) L8300 5 La0 T, ee) (L057)(.012) (.250)(. b4 (L0500 (.656) (.750)(.9k) (.750)(.056) |(.666)(.500) (.666)(.500) (.334)(.500) (.334)(.500) (.000)(1.000)(.000)(.000)(1.000(1.000)(2.000)(.000)
3+ (Lol7)(.663) (Lo37)(.33 , (.1.33(.665) (+105)(.337) (L 43)(.612) {, L3)(L1%) (.057)(.812) (.057)(.188) |(.937)(.uék) (.937)(.536) (.063)(.h6W) (.063)(.536) (.777)(.555) (.777)(.445) (.223)(.555) (.223)(.445)
Br 0,010 (Lmt) (WBL (20 (WL, ) (L190) (. 20) (L6M1)(L718) (L1} (. J2) (.359)(.718) (.359)(.282) |(.S12)(.641) (.512)(.359) (.lhut)(.6W1) (Lous)(.359) (L545)(.363) (.545)(.637) (.455)(.363) (.b55)(.637)

sum  6.09C761 2.117 3> 1.0 /23 RIS 3.,568061 2.0€7°93) 2.295939 966061 3.49981 3.28019 2,03619 1.18181 1.386662 2.104338 2.561338 3.947662
ean 604 .2z L13¢ SOl .39; 297 .229 097 .350 .328 H 118 .139 .210 .25 «395
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Table Ve

Transitica Probebility Metrices ! for Gmmes Exploiter and Leadar
a8 Given by the Aversge Veluea of Tables I and II, and lor
Games Hero and Mertyr as Glven by the Aversge Valuss of
Tables IIX and IV (N=200),
(A cell entry gives tie joint probabllity of golng from the
state expressed by the row to the state expressed by the

SOLuER.. }

State AA AB BA BB State A4 AB B BB
Ah 151 L3216 J2B7 (246 Ah L%k 93,093 L3h0
AB V135 L2360 279 W32 KB LDT73 L2753 J16% M0
BL L0556 159 L2198 570 Ba 157 JeB% L1432 L436
BB LOBC 158 156 (646 BB LOHL L2177 JE1E W73

darg dapiar

Btate A4 AR B4 BB State AR AB BsA BB
Al SE3 289 186 062 Ak H09 LZ1E L1398 0N

AB L2711 ,109 L3011 .319 AB L3977 LE7Y L2328 097

B4 7 236 J13% J162 BA «350 .325 204 L11B

BB W8k 220 L305 L2329 BB 139 210 .2% 299

= P A i e o TS S S
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Tﬁh}.ﬂ VIQ -

Conparison of Observed and Fradicted Distribution of the Four
Cutcomes for Ssch of the Usmex Owvar 200 Successive Trisls,
(The dats are given in proportions,*)

by

Gane
hxploiter
Ouserved L6686 189 L3008 u&f
Predicted (o4 L9300 189,187 .
Lesder .
Dbserved LOTF 285 L1859 kg
Predicted (<} o0 JPE7  JATH W59
fero Ob: L5 4] 31é 328 052
GBIy ™ » o328 RS Y
Predioted (K} j?g L2068 .29 A%h
Hartyr
Obgerved . nz%?? ﬂgag +15% 118
Predicted ioﬂé A}*W - ki #1&?
. e e—"

* The obaerved preoportions wers calculated oot
ing the sectusl mmber that sach outeoms occurred in 200
suceessive trisls; the predicted proportlons wers caloulated
by computing the stationary probabllity veckoer o for esch

transition matrix,
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vesults strongly suppert the conclusion that Aspoport’'s logi-
eally deduced motives detersine the overt hehaviour of the
players.

In game Hero, it was not possible to pradict the gawe
behaviowr frem the metivatiomnl metrix defining the paychologlie-
ezl “pressures.” The relatively large discrepancy betwsen the
predicted and observed distributions leasds te the hypothesis
ef 8 more coxplicated motilvationsl processz undsrlying the geme
behaviour than Bupoport's sugpested motivational polarity “te
switeh or not to aswiteh”™ Irom the AA outcome, From Tsble VI,
it 45 seen that the predicted proportions are higher Lhan the
chserved proportions for the A& and BB outcones and are lowaer
than the obserwsd proportions for the AB and BA outeomes. 4
posgible reason for this diserepancy could havs been due to
interection effects and lack of independence zmoeng the x, ¥,

z and w variables, leading to overlap in detsrmining particular
outeomes,

In order te Pind tides ont, - watricer messuring the
totel deviztion frow equilibrium durds; the history o the
chain wvere calonleted from which varlanoe-covarisnce aptrices
eould be derived Tfor the originel ° matrices. Thase matrices
are presented in Tables VII end VIII, respectively. From the
variance-covariance matrices of Table VIII, lisiting correls-
tions were calculsted for the musber of times the x, ¥, 2 and w
vpressure” varisbtles determined the transition of the
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ﬁh&% VII. -

Fandamentsl catricss Z for the Four Gemes Celeulated Trom Thsir
Respactive “Prespure” Transition Probabilities of Table V
by Heens of Lguation & om Page 3.

State AA AB  Ba BB State A4 4B Bz BB
AA 1.5 W72 LO%% -427 Ah  LY69 . 22% -,007 -,111
AB 088 1.097 J111 - 300 KB -,023 9% -.011 032
BA «,029 =037 1.013 0% Bs  WOF8 JGL2 W096 «.032
BB 017 -0kl -,052 1,135 BE ~,001 ~.00h 00 1,007

Btete &4A 4B BA BB dtate A& AB B4 BB
Ak 1.101  LOMO «.037 «.099 AR 14233 < 0h7 « 070 -,311
AB -,1M2  LO07 LCBE  A5H AB =076 1,037 L052 ~.009
BA 093 L0122 .%21 -7 BA - 185 0% 1,035 029

BB ”‘169‘ o%ﬁ- w%} 14%& BB *"055? *.ﬂ*% ¢13§' 1;“5@

Ao P et 3 TS IO ST 3 e P o el b N £ 110 .S S T Mol N T O APV S i a0 TS AV 7Y 4O AL 411 M5 A0 A A U WK A1l o i
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Table VIIL,-

Veriance~Covariance Hatrices ¢* for the Limiting Mumber of Tises
in Each Stats for the Pour Games s Determined by Their
Respective “Fressure® T%anﬁikiua ?r@h&biliti@& uf

saplalter Lepder

Btate AA AB  BA BB State AA 2B B4 BB
AA 081 L01% -.013 -.016 Ah O =G0 -.T15 - 055
AB 015 L1950 -.023 -.181 AR ~,010 .195 -.0hf -.116
BA «.013 ~,023 ,163 -,126 Bh - G =0 L1328 - 0869
BB -,016 -.181 ~,126 .39% BB «.055 -.016 =069 255

ez Haxrsyx

Btate A4 AB  Bs BB tate &4 2 AB  BA BB
AL L330 -,096 ~,082 -.130 AR 461 -.133 ~0k3 ~.161
AR ~,096 126 -.025 ~.033 AB  ~,133 .20 036 -.032
Bh = DuR =025 L1306 -.025 Bh w43 =016 263 ~.00)
BB -,138 =003 =~.086 L170 BB «,161 «.032 « 001 196

* The 44 sntries glve the limiting covarlance for the
mamber of times iﬂ atates a4 and 83 in 200 trialsy the off
antries zi?a tha 1iziting varisnce for the mmber of times in
state 84 n¥ ubols bhave b@wn previously defined by
aquatiana (i) amﬁ &Y on page A4,
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game~playing procesy from one state (outcome’ to snother,
Theae sorrelstions are presented in Pedle IX. Prom this
table 4t 13 readily seen that the "prozsure” variables are
relatively independent, showing no overlap {except for one
small positive correlation between 34 and AR in gaue
Lxploiter), but rather substantial “pressuring” e¢ffwcts in
the expected directions,. On the besis of this iarorsmution,
1t would seem that the fellure of the model o prediet bew
Baviour in zame Hero is net dus W lack of independense in
the “pressure® parsmeters of the model,

One pesaible explanation of the resulte oblained for
Hero could perhspz be that one or all of the x, ¥, % end w
variasbles zre subjlect to learndng. Siace the model did not
take learning Iinte consideration, it therefore grossly under-
estimeted the 4B and BA outcames, and coverestimsted 4B and BB,
It would, nevertheless., ba difficnlt to answer why & learning
variable needg o be introduced into the wmodel s3 an added
parameter in order 1o explaln tie behavicur for this marticular
game situstion, and not for tne othec | vew, In any csse,it
would imveolve & perametric study walch 13 peyond the scope
of the present design., It 1s suggested nere as s worthehile
direction in which to expend the present study,
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Tavle Ii,~

Matrices of Limiting Correlaticns for the Humber of Times in
States 54 and g4 for the Four Games (slculated from Their
Corresponding v ®mtrices of Table VIII by the Forsuls
Given on rage b,

Zxpleiter Leadar

State A4 AB Ba 2B Btate AA AR B4 BB
Ak 11k - 107 -,322 y-¥:1 « 072 -, 145 ~,383
AB =130 -, 662 AB e 2GF = S0
Ba - o 57 BA - 376
BB 215

dere dnriax

Btata 44 AB B BB Btate A4 AB BA BB

¥ - M7 = 3%3 - 591 Al - B33 - 522 -, 536
AB welll = QR0 AB 8 - 160
Ba ~u171 Bi - o
BB
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Along somewhat siwller iines, Rapoport snd v&lml
uggested for the U game, & four-state 'erikov chaln model
with one o their “state-conditioned’ propengitiss subjigzet te
learning. Unfortunstely, their model 612 nnt onpture the
dynsaics of the procuss &5 well as the stoehsstic lesrning
madel of Bush and aatwllapg aryl Latas,s Ranopnry and Tale
diseovered lor Lreir .0 Jste thst s Aarkov chaias with
sbsorbing states snd/or the Busi~ osteller stochnstic lear ning
molel gave thes best Iits betwesn predioted snd observed time
coursss of the ouloouws. A2 one possible axtension ol the
presont study, it would be interssting to ettempt working
out & model Tor ilere walch would vombine the stochastic
characteristics of the repuler Wwrkov chslin xith the prin-
eiples af the BusheFosteller lesrning mndel.

a2 te the contribvution of thiz study, it sccomplished
the sime presented In clwpter two under the formulatlon =»F the
problemn. It reduced to quantificetion hepoport's presuned
gotivetionsl Symamics unierlylng the overt gese-nehavienr in
terms of cobservable Jats and, geocondly, it sbowed thal toe

effocts o, this pre-ceclisionsl motivationnl process can be

1 A, &&y@p@rt anm ‘e z&lw, “Qadwla for risoner's
Dilemse,' Ju Jerhepatl Fayeholor
19@&3 134 o

tﬁv Mﬁh ﬂﬂ‘* ?'u ak’%&%té"ll”r‘@ o LY 3 Y, < 4

3 wWak. Lﬁt&ﬁ, "Towsrd & wtetistiesl Theory of lLesrnlng,™
itoal Savisy., Yok, 7 % 1‘?%3, P 9’4“1@?‘;1:
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sdequately acdelled, s a first approximation, by & finite-
state HMarkov chaln model, & purely meathematicsl deductive

system.



SUMMARY A¥D CORCLUSIONG

In this study, an sttespt was made to apply the regular
darkev chain model to the underlylng Ainterplay of motives
oparating in four of Repoport's seventy-eight nen-aguivelent
gemes. Prefietions were mede ar to the overt playing-basbmeiour
of the subjects.

The presumed motivetionnl “pressures’ were gquantiflied
in terms of aeturl chelicer made snd cutcomes obearved ag
state~conditicned veriables =, ¥, £ and w, forusing & motive-
tional matrix i with transitional probabilitles pyy (from
state 1 to state ;) limdted by ¢ £ pys £1, an? where for esch
row ef P the sum of thy transitionsl probebilitieseyuslled 1.
Asguming that V7 wes & metrix of an ergodic Harkov process which
underlisd the overt peme-~playing bebavicur, predietions were
made az to the aectual distributlien of outeomss In esch game
by caleuleting the limiting probebllity veotor X for the chein,

The aotusl game~-playing behevigur approximeted the
predicted behaviour ¢f the players lor gemes Exploiter, Lesder
and ASartyr, but the players' game-behavicur for lere ¢ould not
e prodickted from the HMerkov chain wodel, It was suggested
thet the motives opersting in here were wmuch mere complicsted
than Repoport's view of s polar “pressure” to sulteh or not to
seltch from the nsturel outooms of the geme, sad Lhet the 1t be-
tween the predicted and observed velues could pechaps be more closely
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gpproximeted by & model which would combing the stochmsiin
charscteristies ¢f thae reghlar Markov chain with the prin-
eiples of the Buss-imeteller learning modal. Tole was

suggested as 8 possible dirsction in vhich to expend the
presant study,



BIBL I0GRAHY

A X e
i, S * L 43

femeny, J.G, and J.L. 3nell, Piaite Merks ,
van Sostrend, roineveton, #.J., lued, viii-v1o p.

This book provides & fwirly complete trestment, in
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development of & complete Yypology of 257 nOn~-Zsro-BUl LoBes
derived from gsmew-theorstienl nisumptions, Oa the basiz of
the dlscussion presented here, the four gumes used in the
studly were chosen Tor belng “psychologleanlly interesting.'

hgpoport, . and ¥, Ouyer, "4 Tuwpnowy of Jx2 lanes,”

Rapoport, A., *oxpleiter, Leader, llerg and lariyrs
Zhe Four Archetypus of the 2x? Gsmes,” Bunpyiorsl) dalencs
Vole 12, B, 24 1567, b R
In this paper, dspeport gives & thorough motivational
analysis of the four “poychwlogicslly intsresting” gemes dis-
cussed in refersnes two above., Jis presumsd motivatlonal
pregsures operating lo mach gaus were translated Into parsweters
af the Harkov chain godsl from wnich predictions could be msde,

Snell, J.h., “Etochsstic rrocesses,” in A0, Lute,
R.AR. Busn and 2. Oalsnter {(edn,), Jenlbosk of Msthsmationl

ey el , Yol. 3, Cumpter 20, «iley, Hew York, p. 511-435
nis enepter presentz a grod dlsonasion of stoctmatic
processes and thelr application in psyeholegy, particularly
in statistical lesrning theory., It wes loportsnt for the
present study in providing a good introduction to thiz whole

tepic.
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Srivtweninda L
Wil a9

To facilitate couwputer analysis of the date, the four
cutcomes Ad, AB, BA and BB were punched oate IBY cards zs
integer numbers 1, -, 3 and b respectively. Forty psirs of
sublecty were run for & total of two hun'red cousscutive
trials., In the pages presented here, date set 1 to 10
corresponds to the ten palrs playing gane .zpleoiter, set 11 to
20 to tne pairs playing gane Lesder, set 21 to 30 to the
peirs pleying geme Hero and set 31 to LD te the ten pairs
playing guze “Brtyr. The consecutive cubcomes ohsgrved during
the course ol the paawy are glven {oz csch palr umder the
hesding "laput Lets wex.” Iomedlsately below this are the
totel mmbers of escn sutcome 20purring in the two burvired
triels run and the mumber of tlmez that eadh oulotime coouryed
following esch of the four pospible omes. Yrom these Irvegque
encles the %, ¥, 2z znd v velues were computed sndé the tranel~

tion metrices calouleted,



TEr28 ASLes Ll KEPT

ICF285 1 VL S0 NS= UUNR UM,

TEF2851  5Y5%690 01,1 115908, Yudu.FACL2961.GOSET PASSED

TEF 2851 VUL SL® NUS= LIGVuL. -
TEF2851  SY$69049.T115908.5V000.FAC 2961.R0000010 SYSOoUT
IEF2851  VOL SER NOS= LIBVOL.

ICF2b5] SYS69C49. 1115908, RV00O. FAC 296 L. ROO00OL1L DELET LD
TEF2851 VUL SER NUS= L IBVOL.

ILF2851 SYS69049. 1115908, V00U . FAC296L «LOADSET DFLETED ~
IEF2B5T  VOL SER NOS= LIBVUL.

$STEP 69,049 12:02:14.72 FAC2961 LKED

POREBSKI,S.C

AXGY EXEC PGM =44 LKED. SYSLMOD, COND=( {4 s LT ,FORT ), (4 ,LT ,LKED)) 002
XXFIU1FOQ1 DO DUNAME=SYSIN 003
XXFTOGFOOL DD SYSOUT=A C03
XXETC2F001 0D SYSUUT=A,DCH=IRECFM=FRA,LLKSI7E=1330,LRECL=133) 003
//7GG.5YSIN DD o OATA NEXT
IEF23¢l ALLUC. FOR FAC2961 GU
JTEFZ237T _POd=*.0D ON 131

ICF2371 +TOLFOCL ON 131 c

IEF2371 FTO6F00L ON 130
JIeFz3v] F103FOCL JN 130 _

THE FESULTS FOR DATA SET 1 o

INPUT DBATA WAS

44223+431333123211221333212334431124332213321143321

221344343431123412143434436442222132234444322424344

GG22224454220202224444444404422322222343444442212122

1442344224644422123354433422424444424448 44324442444

/
L‘)

OCCURKENCE OF 1s 22
GCCURFENCE OF 1 FOLLGWED 37 1 1S 4

CCCURRENCE CF 1 FOLLOWED 2 Is- 110 LG R
OCCURKENCE UF 1 FULLOWED 3 1S [ 5 ) X, e x =
OCLURRECE OF 1 FOLLUWED 4 IS 3§ o

' )C),:.37’

CCCURRENCE CF 2 1S 60



(IR N ' Foo dbwd o l‘l) F
LBCCURKNEW L ul CLLUWED 4 1S l__‘}
CCLURKENLL F LD IS A1l k t% ~ 333 Ew =L
1Y
y=.633
OCCURRENCE OF 3 IS 41
GCCURRENCE OF 3 FOLLUWED 8Y 1 IS 4
OCCURRLNCT OF 3 FULLOWED 2 1S 9
CCCURRENCE OF 4 FOLLUWED 315 [ull 2 L3
OCCURRENCL OF 3 FOLLUWED 4 15 L 17 l Z . - b%2 FLzoed
%?:,LBG
OULURRENCE OF 4 IS 77
CCCURRENCE OF & roOLLwaID BY 1 1S+
OCCURRENCE OF 4 FOLLUCD 2 1S = Wos g
CLLIRRENCE UF 4 FOLLOWED 315 [ 16 wos any <y 1
CCLUNFENCE GF 4 FOLL JnlD 4 1S 4k g
THe RESULTS FUP DATA SET 2
INPUT DATA WAS
1444213524332242123444344231443324412234444444414
442641642214463645434364444404044066048006404044464044
304444b464446334444440406468443044332433433712443
33432133233333343334433433214343444444431434233311
OCCURRENCE OF 1 IS 14
OCCURRENCE OF 1 FOLLOWED 1 IS L
OCCURRcNCE OF 1 FGLLOWED 2 1S e Iy
OCCURFENCE OF 1 FOLLOWED 3 1S Lzl L akrh /
CCCURKENCE GF 1 FOLLOWED 4 1S 7 X = 643 X, =TI

OCCURRENCE CF 2 IS 21

CCCURFENCE OF 2 FOLLOWED 1 IS 6



OCCURRENCE OF 2 FOLLUWED PN 37

OCCURRINCL OF 2 FULLUWED 3 1S L#J o -

CCCURRENCE OF 2 FULLOWED 4 1S 8 TR vz
5%

OCCURRENCC_OF 3 IS 50 S S o

CCCURRENCE OF 3 FOLLUWED 11§ 3

OCCURRENCE UF 3 FOLLOWED 2 1S 10 1

GCCURRENCE OF 3 FOLLUWED 3 1S 22 g - 2 ,00

QCCURRENCE OF 3 FULLOWED 4 IS \15’k é\-,vqo N

GCCURRULNCL OF 4 1S 115

CCCURKLNCE UF 4 FOLLOWED 1 I1s 3

OCCURRENLL OF  « FOLLUWED 2 1S 5 ALY

NCCURRLAVCE DF 4 FOLLUWED 315 722 & w ‘ RIS )

OCCURRENCE CF 4 FCLLONED 4 1S 185“ 17,930 >

THE RLSULTS FUw

DATA SET 3

INPUT O0ATA was
43,162 ad 2208226402203 424 0442644002 24412244272226447
G4560adD 2422264008204 2424 0400444400442 444400447
2247622225 +22222444422222442224222442424222242422
2022222422244 422222222244422224442242242244447
gccuLsesniz oo 1 1S 2
DCCUR-£.2% LF 1 FOLLUWED 1 1S 0
OCCURiZNCE F 1 FOLLOWED 2 1S 11
OLCLF=FvaZ GF 1 FOLLOWED EE cl ‘
CLCJURFENLE ZF 1 FULLULWED 4 1§ LL L 2,560 Xy 2 (4008
DLCL-E-CF 77 2 1S 104
CCCU~venet &+ 7 FGLLONED 1 1S 1
OUCULFRENGE OF 2 FOLLOWED IS 62 S



3ECURRENCE UF_ 2 FULLUKLD 3I1S o0} Y z SR Vool
N " N 3 RS q { ' /

CURRENCE OF 2 FOLLUW LD 4 15  Lgnll d '5g%~ ) 970

OCCURRENCE OF 3 IS 4

OCCURKENCL 0F 3 FUOLLOWFD 1S > o o

OCCURKREWCE OF 3 FCLLUWCD 2 1S 2 .

OCCURRENCE OF 3 FULLJWED LIS 1 7 5. fi0 £, - 1s©

CCCURKRENCF 13 3 FUliuato 4 1s L1 '

QCCURILNCE UF 4 1S 90

CCCURREACE U1 4 FOLLUWEL 1 IS 1

JCCURY ENCE OF 4 FCLLLWED 2 15 39+

CCCURE ENCE WF 4 FOLTUWED E ot Woe v

GUCJRmENCE UF 4 FOLLUSLD 415 fard TR SEALE

TAZ RcosLbTs =) UATA SET 4

INPLT CATA 4AS

1141234111431314311123234323432344334341313131431324
4131411%411334334334343333334334334344334343343323
34434233434233433436444444444443343304434044404 0044
44h6332+44543323344444304404 4445054544505 44448424044

CCCormehCE OF 1 IS 22

CCCy=7E4CE GF 1 FOLLOWED 1 TS 7 g ]
CCOURKENCE LF 1 FOLLuWEU 2015 = Al a1V
OCLuF=E.,CE UF 1 FOLLUWED 31 T 9 PR L% R
Z7CJF-=,CE OF 1 FOLLNWED 4 15 5 ' 4

CLCUAFELLE UF 2 IS 4

OCLFeintt LF 2 FOLLUWED 1 IS o
GOLUPFENCE OF 7 FGLLOWED 215 )
OLCUFe 6. 0F LF 2 FOLLUWED 3 16 y1]



. OCCURRENCE U1 2 FOLLUWED 4 TS 1 W fbes M s

e

: CCCURRENCE OF 3 - .

IS T4
| CCCURRENCE OF 3 FOLLOW!D 1 IS 4
OCCURRENCE OF 3 FOLLOWL D P O N
OCCURRENCE UF 3 FOL LOWED 31 - 15 , p
OCCURRENCE OF 3 FOLLUWID 4 1t 131, Z.=, 7] ZV:"Vjﬁ
OCCUKRENCE OF 4 IS 100
OCCURRENCE OF 4 FOLLUWED 1 IS 0 -
OCCURRENCE OF 4 FLLLOWED 2 IS 1
UCCURKENCE UF 4 FOLLJWED 3 1S r321 . ‘ Ut 6o
GCCURKENCE OF 4 FOLLUWED 4 15 Len Ws gLy L

THE KESULTS FOR DATA SET 5

INPUT ODATA wAS

3333233444442442443333364444434333444443333344444333
34424433334444233314644423333331334243314424333334
423324234234434412434432434234442433334313333333 353
3133333333311333323333333331333333333333344244442472

GCCURRENCE OF 1 15 9
OCCURRENCE UF 1 FOLLOWED 11s 1
OCCURRENCE OF 1 FOLLUWED 2 15 1 Y
DCCURRENCE OF 1 FGLLOWED 3015 [ T o
DCCURRENCE OF 1 FOLLUWLD 41s L2 oy = LA 2333
OCCURKENCE OF 2 IS 17

N
OCCURRENCE OF 2 FOLLJWED 115 0
OCCURRENCE OF 2 FOLLUOWED 2 1S 0
OCCURRENCE OF 2 FCLLOWED 3 [o] ‘ -
OCCURRENCE OF 2 FOLLOWED 4 1S Lio.} ey w . 598



CCCURRENCE UF 3 IS 100
OCCURRENCT UF 3 TULLOWED LIs 7
OCLURRENCE UF 3 FOLLOWED 2 1% 17]
OCLLRRUNCE OF 3 [ ULLOWED 3 TS ﬂau‘y
UCLURRENCE UT 3 FOLLOWI D 418 18- o
RS Z_:.179
— rd
CLOCURRENCE OF 4 IS 68
UCCUR' ENLL UF 4 FULLOWED 115 1
CLLURKENCE U 4 S0LLLa LD Z2 1S 15 %w
ULC URRLALE UF 4 FOLLOWLD IS 4 e/
UCCURRENCE GF 4 FOLL JWED 4 15 38 W, ~, 3467 W =179
THE =ESULTS FCOR DATA SET &
INPUT CATA WAS
133432144211132332442244346112234436401112122424414
443422420444006 3244463404064 4 4644 44L40446044064464446444
2444444840 6642044 404400440440 4L AEGAGELLNGLLLLLLLG LG
4abhb4446444644333333333433443443434344644564464333
CCCURRENCE OF 1 IS 12
OCCURRENCE OF 1 FULLOWED 1 1S 5
OCCURRENCE OF 1 FOLLUWED 2 15 37
DCCURFENCE OF 1 FCLLLOWED 318 [2 AT
OCCUKRRENCE UF 1 FOLLUWKLD 415 2 £,:,%33 ny s T
CCCURRENCE UF 2 15 19 .
ULCURRENCE UF 2 FOLLIIWED 115 3
UCCORRKENCE OF 2 FOLLUWED 2 15 nT
GCCURRENCE OF 2 FOLLGWED SIS )7 ) 26
OCCURPENCE UF 2 FOLLOwWED 415 5 *.319

]



OCLURRENLE UF 3 1S 30
\ e
[ OCCURRLNCE OF 3 FOILUWCD 1 1s [
OCCURRENCE OF 3 FOLLOWLD 2 15 3
LCCURKENCE OF 3 FCLLOV LD RS ] k
OCCURRENCT OF 3 FOL LOWLD as L) 7 g Z_ = 500
| CCLURRENCE OF 4 IS 132 B -
OCCURRENCE UF 4 FOLLUWRD 11 .
CCLYURF ENCE UOF 4 FULLOWLD e 15 oo
CCCURRENCE OF 4 FrLLJ LD TR
OCCURKENCE JF 4 FLLLU FD 4a1s bitol v qL% Wyt Ty
~ THE RESULTS FUR DATA SLT 7
INPUT LATA :AS
412224212443442224424422444442204224242244444427 24
4hb22U2442662400 40444 06400204034404000240440 240 4444
GhhbhAGGAALALGNGHLLLLALGGNLLLLGLGLLELLGLLLLL4LG4LLY
GL4434404444444400040400400000000400400000004040006644
GCCURRENCE OF 1 IS 2
DCCURRENCE OF 1 FULLUWED 1 1S n
OCCURRENCE UF 1 FULLUWED 2 15 2{
CCCURRENCE OF 1 FOGLLUWED 3 1S (0
DCCURRENCE OF 1 FULLOALD 4 IS 4 (-0 X, > |, 000
CBCCURRENCE OF 2 IS 35 B
OCCURRENCE OF 2 FOLLUAED 1 1S ]
\___ OCCURRENCE OF 2 FOLLUWED 2 15 157 L
CCCURRLCNCE OF 2 FOGLLOWED 31S 10 AEd
OCLUKRENCE UF 2 FULLU'ED 415 (19 a,-,xqﬁ“ n},; T



CCCURRENCE OQF 3 IS 3
OCCURRENCE OF 3 FOLLQWED 1 1S 0
( UCCURKENCE OF X FOLLUWED 2 IS )
CCCURRENCE OF 3 FOLLOWED 3 OIS n!
OCCURRENCE OF 3 FUOLLUWLD 4158 1,3\ Z,> oot 2. = {obo
CCCURKENCE OF 4 IS 160
" OLCURRUNCE OF 4 FOLLuUwED  — 1118 ( — ~ o
CCCURKENCE OF 4 FOLLUWLD 2 1S 131 . §
CCCURRENCE OF + FULLUWLD 3015 1 3 .34
OCCURKENCE OF 4 FUOLLOWED 4 15 LIsry G = 7p1v WO, = gy
TIHE ~ESULTS FOR DATA SET 8 o o
INPUT DATA WAS
224443443134 13331131333333422222221434242122333447
34244234142141243442232444243432323732434432343443
224 34444L0 1340 14h2023342213441442242122644004422227
2222242222224 22244422022422244022242422024444022027
CCCURRENCE OF 1 IS 15
OCCURFEANCE OF 1 FOLLOWED 1 IS 1
OCCURRENCE OF 1 FOLLOWED 2 15 57
GCCJURKENCE OF 1 FOLLOJED 2 IS . b ,
UCCLRRENCE GF 1 FOLLOWED 4 IS ] 5\ 2,733 2>, >,3Y33
/
UCUURFENCE OF 2 1S R3
CCCURRENCE OF 2 FCLLOWED 1 1S 7
OCCURF ENCE OF 2 FOLLOWED 2 15 47
_ GCCURFENCE OF 2 FOLLOWED 3 1S 17 ) /
CCUPFENCE DOF 2 FOLLOWED 4 1S L I19J



fé) OCCURRENCE UF 3 IS 36

OCCURRENCL OF 3 FOLLCWED 1 IS 3

\____ _OCCURRENCE GF 3 FOLLUWED 2 15 7 )

( CCCURRENCE OF 3 FOLLUWED 3 1S 110 (BY
OUCURRENCE QF 3 FCOLLOWED 4 18 1,16 LN () Z, > 1 -

OCCURRENLE UF 4 IS 6o

CCCURKRENCF OF «+ 1UCLLOWED 11y 4

CCCURR(NCL OF 4 FULLUWLD Py 250 Cyho
GCCURRENCE GF 4 FULLOWED 3015, 11 p
OCCURKENCE OF 4 FOLLOWILD 4 1:;74’70/ W ki

Xt
(Ay:ﬂ;ng

THE ReSULTS LR NDATA SET 9

INPUT G'\T!\ l\r\S

41114133243332341433422444334214234433444434224344
33123+44233113423342444344433342443443444433324434
24344 3+%343434642234443331113241134272324133223334424
43434321434314234442446411334131434343434313141313

OCCURRENCE OF 1 IS 25

OCCURRENCE 3F 1 FOLLUMWEL 1 1S 7

BCLURRENCE JUF 1 FOLLUWED 215 11

CCLum”ENCE OF 1 FOLLOWED 3 1S ¢10 (

LCCCULPRENCE OF 1 FCLLUVED 4 15 L-7j A B A Av = 20

OCCUPRENCE JF 2 IS 29

CCCLFFENCE OF 2 FULLUWFD 1 IS 2

GCLUFrEICE OF 2 FOLLUWED 2 1S 4

LCLU-FELE OF 2 FOLLOWED 31S 7B, o /Ci/
| OCLYPFENCE UF 2 FOLLOWED 4 1S L9 ) 3; -, 157 Yy = 00



UCCURK LHNCE OF 3 1S 7c

(A - -

L

| CCLURRENCE OF 3 FOLLOWED 1 IS 8
OCLURr ENCE OF 3 FOLLOWED 218 57

\.  GCCURKENCT OF 3 FOLLUWED 315 ¢ 27
UCCURRENCE OF 3 FCLLIiWI D 4 15 | 34 AT L, =.5%7]
LCLURIWENCE 9F 4 1S 82 . o
CCLURKENLE OF 4 FOLIOWEL 1 IS !

 0LCUR enCE UF P FOLLU ) 215 137 B o
LCULJht ENCE U ¢ FOLL DA 31y - Jl&
\JLLUI‘\E \LE \le /| ;‘GLL[J‘MEJ /+ 1) L%l 1.47' «J](/L/ Ny f—’l >/3(\_

T~E ~u.3ULTS FUR OLTA SET 10

1 /PUT DATa WAS

11442211111 4422124231224444443343444444440404044)
4344444444444 240 8844440444004 40804044040644 5444804
LALab QG444 44 4440444000000 0804408000848 40044040 L4444
LG b4 444444400040 (LOLGL LGLG4LG44L 0L 4 44 4LLLNL0LALL

CCCURRECE UF 1L IS g
CCCUr SENCE CF 1 FOLLJWLD 1 IS b
GCCLRFE WLE O 1 FOGLLOVED > 1, 20
CCCUFrENCE OF 1 FOLLOU, ED 21, T
CCCURFENCE GF 1 FLLLUwFD 4 15 L2J WELALY Ayt gdqY
SCCL~-FENCE OF 2 IS 12 L
CCCURFENCE OF 2 FOLLOWED 1 IS >
OCoLYEENCE OF 2 FULLOWFD 2 IS i -
LLLUYKFELICE OF 2 FOLLOWED 3] [ 1)
. t | 1 ¥ w7 .
C CuUPReNCE UF 72 FOLL MED 4 1S ﬁ‘ {9 hl’“ 75D

LLLLPRETLE DF 3 IS 5



({|  GCCURRENCE OF 3 FOLLOWED 1 1S 1
OGCCURRENCT OF 3 FOLLOWED 2 19 0 L0
OCCURRENCE OF 3 FOLLJWED 3 IS vl o L
CCCURRENCE OF 3 FOLLUWEU w15 |- TR A Z, 22377
=
UCCLPRENLL UF 4 IS 174 i;
OCCURRENCE OF 4 FOLLOWED 1 IS B )
QCCURRENCE OF 4 FOLLOWED E S (7 ¢
_ UCCURKENCE OF 4 FOLLUWED 3 IS 1~ 3\ ‘
OCCURRENCT OF 4 FOLLUWED 4 15 163 (NI 734 =y >“?77 i
» <
THE PESULTS FUR UATA SET 11 - ¢

. INPULT DATA hAS

4123443122144334+334334434122224434122222222244324
32422122312241224124224312222724432433412431241241
243243243124324321243124312243334124224432431243%3244
32432323.+3242432432323243232323232322232323232323

OCCLRRENCE OF 1 IS 20

(1 4q3) (1= V4%
(\h(,m)(‘l-,ﬁﬂ)

(i—.?%i)(‘”-7gq)

(\-.5a>>(|~.804)

CCCURKELCE OF 1 FULLUWED LIS n
OCCLFFE «WE OF 1 FCLLOWFD 2°Is 191

CCLURZEWCE GF 1 FULLGWFD 318 0 . ‘ . Y,
ZCC.rrEWCE CF 1 FOLLOWLD s 15 L1, vugz.tid 113:;‘,000

(I
Q-

(-
()-

GCLLPFEGLE UF 2 IS T4

OCLUFFENLLE GF 2 FOLLUWED LIS 1
OCCLFFEICE GF 2 FCLLOWED 2 15 221 o J PR
GCLUZPENCE OF 2 FOLLOWED 31S p10 Y, 67" q}/—,fﬁq
CCCUReINCE UF 2 FULLOWED 4 15 |22 { 1

=
w
—
w
w
e

QLLURPENLL



CCCURRENCE OF 3 FOLLUWED 1 IS 10 -
fh OCLURRENCF OF 3 FCULOWED 2 1S 30
UCCURRENCE OF 3 FULLUOWED 31S 7 / e 4
CCLURRENCE OF 3 FULLOAED 4oIS L1<J Z,3,00] 2=, 479
p - — —— — —
COCCURRENCE OF ~ 4 1S5 »o0 7 - 7
CCCURRENCE UF 4 FOLLOWED LIs o u
OCCLRFENCE OF 4 FOLLUWLD PN ;
OCCURRENUE UF 4 FOLLUW D S0y oy 30 206 T
| UCCURRENCE UF 4 FULLOWFD 4o IS ijﬁj I A e
THE RESULTS FUP DYTA S0 1 12
INPUT OATA WAS
312004331 00441 14337 1043174344364 147634174 3330473
4433433334403 043334334 33534333444333343333443433
443442323%333413934404431343334344434334%3343134434
L4326 3+3333333435a35301443344 333343334244 333435447343
OLCLSTENCE CF 1 IS 7
CCCURe 2. CE OF 1 FLLLIWED LIS 1
SCOLTEENE LR 1 FCLLOXFD 2 15 4~
CCIUR-IWCE CF 1 FJLLuwEY 3o ¢ O . o _
CCCL7FZWCE GF 1 SCLLIMED 4 15 o2 RTINS S\ X, - . é3) 7
GICLEPECE OF 218 5 -
COCUFFENCE OF 2 FOLLUWED 1 IS 0
CCCUETZ .CE OF 2 FCLLOWED 2 15 ney
CCCUFF Z4CE OF 2 FOLLOWED 315S le  woo )
CLCuUrPENCE OF 2 FOLLOWEED 4 1s  Led 0w Y, = - oo
o y U
OCCUFFENLE OF 3 IS 114
GLLUKK{IICE OF 3 FOLLOWED 1 1S E



—~
15

_OCCURRENCL UF 3 tULLOWID 2 1S A

UCCURRENCt UF 3 FOLLONED 371, | 67\ /

CCCURRENCE Of 3 FULLUWED 4 1, Lav < - 9k Z, 217

OCLUREENCE 4 1S 7. o o - -

CLOCURRENCE OF ¢ TOLLOWLD LI 3

OULURFENCE OF 4 FOLLUWLD 218 M

GULURRENCL U a4 FOLLUAED 3 LS 40) o/ J
ol L M 2

LLLURRENCE Cf + FULLGLED 415 .25 o > Wy, 237

Trit

[N

RE SLLTS 0% DATA SET §s

M AN

cAaTA

3 oY

e la3l 2420 ald260022220422222204022744424244264442
422040 420202244200020262422000454 2406604460534 242442447
404982942 194 b440 1444246447 442G AL LLELLLGL 3D HEL D b 44

Gl uaab292 14124 144244424040 04484 24 L84244 44444044

2
2

CCCURAENCE OF 1 IS 2

CCLJRrEnwLE OF 1 FOLLJWLD 1 IS 0

CLCu~ro LE CF 1 FOLLJWED 2 15 L=

GLCURT £ LE UF 1 FULLUWEU 4 1S ¢! .

CCOFvECEL OF 1 FOLLUWED 4 1S 1. A yol e SR PR

CCLurvi L CF 2 1S 72 -

OCCurFE°CE GF 2 FOLLOWED 1 1S 1

CLCU~-~ELCE CF 2 FCLLOWED 2 1S 29 1

gLCLr-t.C “F 2 FULLOVED 3 1S 1+ 0

CLLUFYELCE LF 2 TOLLDWED 4 1S Laz) a,-,{gg + ﬁl"-‘VYé
N e U [

OCLLr~ct i GF 4 15 3

LLLUWKPINGE b 3 FOLLYUWED 1 IS 1

COCURKRESIT 1) 4

fOLLUWED 2 18 0



OCCURRENCE OF

3

FOLLUWED

(kd OCCURKINCE OF 3 FOLLUWED 4 1S 2] I T z, . , b6k
>
OCCURRENCE OF 4 IS 123
- CCCURKENCL CGF 4 FOLLOWED 115 0
OCLURRENCE OF 4 FULLOWED 2 IS 417
ULLURRENCE OF 4 FOLLUWED 3 1S 173 Ly
CCCURKENCE OF 4 FOLLOwWED 4 IS |73 w, g Y oy, =, ﬁb7
~ TnE Rt SULLT> FOK DATA SET 14
TAPLT DATA waAS
30242513924223224142442314242124232324426442142414
4218224404 4294330622414242244214224424324214424423
204 b4 Lab 144242034 2420043244040 i G 3440 0440 3447
ladataa3s 1444224 1142221444404 4434422422444464224024
CCCULRRENCE CF 1 IS 16
CCCurxENCE OF 1 FOLLJWED 1 IS 1
GCCURKENCE CF 1 FOLLDwED 2 1S 171
OCCURFENCE OF 1 FUOLLUWED 3 7S r‘lx /)
OCCLUFFENCE OF 1 FOLLOWED 4 1S 13 S B // Ky > BT
CCLURFENCE OF 2 IS 62
OCLUPFESCE OF 2 FOLLUWED 118 2 T
CCCUFKENLE OF 2 FOLLOUWED 2 IS 16—
DLLURKENCE OF 2 FOLLUWED 3 IS + 8 P
CCOlUrr ENCE OF 2 FOLLOJED 4 IS . 224 ‘%,: L LYY %y_/, 77
COCLURPENCE OF 3 IS 18
OCCUF FENLE UF 3 FOLLOWED 1 IS 3
COLUKKERLE CF 3 FOLLUWED 2 1S 71
OCLURFENCE OF 3 FULLUWED 3 T 1y



[ BCCURRENCE QF 3 FOLLOAWED 4 IS 7

N TTdd B
\ l’AI/L{L/ -~ ;7/7
- L
[ OCCULRRENCE OF & IS 104
CLLURKENCE GF 4 FOLLOWL) RS A 3
(OCCURFUNCE t 4 FCLLUWED > 1S 3y 7
OCCURRECLL UF 4 FLLLOWI O 30, N . / .- ‘
CCCURRENCE UF 4 FOLLOWLOD '_1>*m,5’> by -] v T b))
THE RESULTS FOR DATA SET 15
INPUT DATA WAS
24701442 T1324243331242264414L1143723232413142414214
14435131140 111125031 +241c4232325232323°324232323723
 2327%7-23.14432323232323232324232323232323232323232
22325.3232323232432323232323232323732323232323237232
OCCLRRENCE QOF 1 IS 23
CCCURKE .CE OF 1 FULLD,ED 1 IS 5
JCCURREWCE OF 1 FCLLOAED ? IS 3
LCCUPRI«CE OF 1 FULLU®WCD 3 1S T 4 i /
— - . } ’ - -
CCCUS=ERCE GF 1 FOLLD ED 4 1S | 11 XL 6 vy 2, e
/7
// .XL*' 'é(og
Y
GCCLPRc {E OF 2 1S 79
LCCJrr7FwCE OF 2 FULLOWED 1 4
LLULFECnCr NE 2 FOLLOWED 2 1S 3—\
DL e R ELE JF 2 FOLLUWED 30S Y €2 y ) ,
CCLJFPrE CE CF 2 FOLLUWE) 4 1S | oL “iF 997 4, > 13
4 ¥
L, e V.l LF 3 1S 72
T e et CF 3 FOLLUWED LIS 5 AR
TOCiEws CF (F 3 FOLLOWED 2 15 64 - <y
UL iR G IF 4 FULLDaED 318 2 ] S
COCUMFEN(T UF 3 FULLOWED 4 IS { 0 | .07 Zy - 2t



DLCURRENCE OF

4 1S YO

LUk Ll QF
UL LRRENCE OF

+OFOLLOWED
4 tLLLOWED

uai\)r-—

H

— = ——

5 5
JUUURRENCE oF 4 TOLTUWED S 74 .
LeeUnbheNtt + 1 CLLLWED 4 IS Lo j e :,?,b“'f&/ b
Tl RueSULTS TOR DATA SET
L 16 |\}7/:, {52
[vPLT CATA WAS -

c4+312124214344324112234221201°1444142223424143213

2a3ub32112224414224224404442042442204442422222242422
22222228444 2280 4444444400000 02222274°20227227222227
2.22242222222222222424422722222272222422222222227222

| CCCULKKENCE OF 1 IS 14
CCCURRENCE OF 1 FOLLUWLD 115 Z
CCCURRENCE GF 1 FOLLOWLY 2 1% 6
_CCUKRENCE OF 1 FOLLOWED 31s Y1 _
CCCURRENCE UF 1 FOLLUWLD 4 1S [ 57 LYy g Ad X
2C =79
7
/s
CCCURKENCE OF 2 IS 119 /
OCCURKENCE OF 2 FOLLOWED LIS 6
CCCUKRENCE OF 2 FCLLOWEN 2 1S 917
CCCUFRENCE OF 2 FOLLOWED 31S [ PJ ¥
CCCURRENCE NF 2 FULLOWED 4 15 L20 a,z jyu ﬂ,,»
Y] N
B
. CCCurrENCE CF 3 IS 11
FCLURFENCE OF 3 FOLLULED 1 1S 1
FCCUPFENCE OF 3 FOLLOWED 2 15 5 R TY
DLCURFE (LF Cf 3 FOLLOWFD 315 [:3] ) ‘ ~)
CLLCUPPENCL OF 3 FOLL JWED 4 15 5 2> oYY



CCCURIENCH OF 1S 1
. e e - e
UCCJRRT vt UF 4 Ll oD T 5
~feCu-~t b Ce OfF ol ittt ) SIS NN
LUCREACL UF v F Lliwew LTS 0! L
OLLUKKE (CF OF 4 FOULL I4bD 20 LS R oL T
b THE RESULLTS_f0- oAV S T 17 L
i
INPUT LATA wad o B S
124444412342 243412 4442444 54 3444444040 004444 shh 1444
444444444 1364444464640 0404444404000844 1444444 4444444
GGL44 44480060488 4084484 484884848 484084 8080808800804 0410 yqhGb468 44
AGL4484844488408484 s 444440480800 40 $HGANWGLLG v LG4 4044 410
CCCURRENCE OF 1 IS 3
_ UCCURKELICE OF 1 FULL JwEY 115y
GCCURKENCE OF 1 FGLLUwE) 2 15 3
OCCURRENCE OF 1 FOLLOUWDD 3 IS O y
OCCURRENCE OF 1 FULL Jir) 415 |9 Xz, 00 n, = [0
CCCURRENCE GF 2 IS 6
OCCURPENCE OF 2 FOLLJAED 1 1S 2
OCLURRENCE UF 2 FULLLUWED 2 1S lw
CCURRENLE OF 2 FCLLLWED 3 ! —
OCCURRENCE OF 2 FULLJWCD 4 I 4 ‘%(’,ﬁjgé / & =
“115 i g 5._:5
U
OCCURPRENCE OF 3 IS b
OCCURRENCE UF 3 FOLLUWCD 1 I J
_ OCCURRENCE OF 3 FULLUWFD 2 15 0 ,
OCCURRENCE UOF 3 FCLLLWFD 3 i . . (00® v
OCCURRENCE UF 3 FOLLNWED 4 6 L, = Z, =



(L
|

OO RENCL F T T3
*(t__awllkf P o b LUy ) | R N .

{ Cotthar ottt U770t L0 RN T TToTT T T T
W IUN G N BT N Y T I I BTN 3118 X i / Ly -~
Lot by gy FOLL VWD AN Ll?» 0D !
TIE 0 LSULLTS *0 DAT. 5 1 13 L
INFUT CaTA was

| _ o o o .

L4 2a%421413324434 422242044 337341 472 224D 3400 +724 3444
! D444 34421263+ 321232363417 4843431 +ub44a212434123273 43
____44 Sjlizf“i‘/f‘fd)){_)D)‘/j?ét)Lfo‘f+£i:i/+4’fii-f’1flf[flf‘-tf/'ff+t(-1*/%?51
UG R G a b L 3234 342 344034 54 3234 L X434 34123034 14 -
[ _ e
 CCCURKENCI UF 1 IS 1«
OCCURKEILE UF 1 FULLUAE) 1 1S

| LCCURRENCL LI 1 FULL'WEw 2 1y P

| DCCURRENLE UF~ 1 FOLLUWED 3IS 1 ,

CCCUREkKENCE OF 1 Full JAcw 4 15 25 'L‘, q( /’ L -

F PR ]
7(2 - (1.25
~ CCCURRENCE OF 2 IS 33 - T ‘”

OCCURRENCE UF 2 FOLLDIWLD 1 1S 5

CCCURKENCE OF 2 FCLLUWED 2 1S 37

OCCURRENCE OF 2 FCLLOWFD 3 1S ‘ 17

OCLURRENCE UF 2 FULLakbw 4 1S 1121 B aﬁ=37137/ '}::’

§,

‘01/: 239y

CCCURRENCE OF 3 1S 47

UCCJRRENCF UF "2 FOLLOWFD 115 1

CCCURRENCE UF 3 TULLOWED 2 1s 3

\_ OCCURKENCE 0OF 3 FCLLUvED 3 Iy a {

GCCURKENCE GF 3 FOLL Jwlub 415 [31° Ao 7€ Y Z
&



UCCURKE NG

¥ O 4 1, 17
el cwCh 0y G4 VALY Do | BN i
COuwlt (W nr b FrLLOa >0 ) —
TUUREENLE  FOLLU b 30 LV B T -
LLLURRENCE : - , } 7. .z
e Lk vt WL Lu LD 4 1 L: } W ‘/))/ Lo
Tht RESULLTS FUR BAT v S5tT 10 T T L Af;:g
\)‘ ry 2
Iived]l CATA v.AS; B B S
4221c11422621244442122106,2144221231222123212443%722 - B
La443344 3344 3443044354444 5044432406042 24,643 14444
44 2421444424431 34424433442 4320244 %433%443 40044100
243344441 134244 1444404220224022240 3142244243404 24 3
|
| i S o
CCCURKENCE GF 1 IS 22
T OCCURRENCE GF 1 FOULUAED 1 IS 3
CCLURRENCE OF 1 FOLLUALD 2 1S 31
| OCLURFENCE OF 1 FCLLONFD 3 1S 2! J
GLCUKRENCE JF 1 FJLLJatD 4 15 L4 Kow 00 x>
X; - 777/
OCCURKENCE OF 2 IS 53 o -
UCCURF ENCL OF 2 FOLLJWED 1 IS 11 )
OCCURRKRENCE GF 2 FOLLUWLD 2 15 1571 /
OCCURFENCE OF 2 FCLLGWED 30 aj
CCCUKRKENCE 0F 2 FuLLJwWED 4 1S 22~ 1%ﬁ.1{3? J A*VL
1> 69¢
CCCURRENCE CF 3 IS FE)
OCCURRENCE GF 3 FOLLUWED RS 4 -
OCCURKENCE OF 3 FCLLJWED 2 1S b P
OCCURRENCEL OF 3 FCLLOWED 3 o . ésg J
_ OCCUKKENCE OF 2 FOLLIWED 4 15 L1k~ %,' . Z
-
,/
Z. 2, kD)




_CCCURFENCE LM 4 15 9

TV UOLUIR oNCE L 4 FOLL 1 D LTS 4
CCCURIENGE UF 4 FCLLOVLY 2 IS 25 i f
JOCLrr o vl UF 4 FUOLLGWHD 315 ¢1/X i, - b7 w
CCCURRENCE 0OF 4 FULLUWFU 4 1S 50~
SO
THE nESULTS FUK DATA SET 20 B >;<_/{
| INPUT CATA WAS
321111442322444433, 224211 3342442127,2212314%444334
444444444162463422441423133444414344642334242440441 - B
421all134134222212422441324232441443442644421 4134327
22213243232121444444242414224)1122232224111222132204
OCCURRENCE OF 1 IS 33 o
OCCURRENCE UF 1 FOLLUWED 1 1S 3
CCCURRENCE UF 1 FULLOWED 2 15 b1
OCCURRENCE OF 1 FOLLUWFD 3IS [~u r "J
UCCURKENCE OF 1 FOLLOWEWD 4 1S 11 X, > 72 =
. /
LY b
OCCURRENCE OF 2 IS 62
OCCURRENCE OF 2 FOLLUWED 1 IS 11 =
ODCCURRENCE OF 2 FOLLUWED 2 18 247 /
OCCURRENCE GF 2 FOLLUWED 3 IS 1 74 s
OCCURRENCE OF 2 FOLLOWED 4 15 Lo0- 3.= n{;; J *671
\dv'- ,70‘/
CCCURRENCE OF 3 IS 28
OCCURRENCE OF 3 FOLLOWED 1 IS ?
OCCURRENCE UF 3 FOLLUWED 2 18 117
OCCURRENCE OF 3 FOLLOWED 3718 [ 5 ;7
OCCURKENCE OF 3 FOLLOWED 4 158 10} 2 s 333 z
9 »
A A

CCCURRENCE OF & IS 17



TOCCURKENCE UF ™ 4

™ FOLLUWED T 0 17
CCCURRENCE OF o FOLLOWHD PENEN 21 J
| LCCUr REACE OF 4 FlLLUWL D 315 7 _ ‘ Wooe T
{u‘.- UJLULUR- Fiiud Ul 4 __E__k_J_L_L‘QwI 1y} & IS L “}v);k L \“/\—’ PN L o ~_’,i:" ’_ y {
| THE <ESULTS FCR DATA >uT 21 Wy 7Y O
INPUT CATA WAS
| 112232112134331433331311231133331131103133313311111
13333331113111331133333331335311113333333333353133
 1331333133331113333331101111111011111111111333333333 .
33232333333111131131313311133143100110111111121111
QCCURRENCE OF 1 1S 94 B
UCCURRENCE OF 1 FOLLUWED 1 IS &@4
CCCURRENCE GF 1 FOLLUWED 2 18 ?\
CCCURRENCE UF 1 FGLLOWED 3 1S 25 4
OCCURKENCE OF 1 FOLLUWED 4 1S 1 X Xy -, 94
*y -
CCCURRENCE OF 2 IS 3
OCCURRENCE OF 2 FOLLOWED 1 IS g1
OCCURRENCE UF 2 FOLLUWED 2 1s Lo k X
OCCURKENCE OF 2 FCLLOWED 3 1S 2- / ,
OCCURRENCE OF 2 FOLLUJWED 4 15 0 ‘?,x. 333 vyz i+ 00
OCCURRENCE DF 3 IS 101
OCCURRENCE OF 3 FULLUWED 1 15 ]:28
OCCURRENCE GF 3 FULLOWED 2 1S 01
GCCURRENCE OF 3 FOLLUWED 3 1S 72
OCCURRENCE OF 3 FULLUWFD 4 1S 1
L i‘—"ulﬂ’] ny—,(lqo
OCCURRENCE OF 4 IS 2 )ié



__UCLURRENCE O 4 FOLLIn D LT 5 0y
y, LLUUERONCE O 4 TINLaWED 271 oo p 7
STOLCLURKENCE OF 4 tUL LD Lo S ES /
UCCURE ENCL U 4 TuLLal D (NI J o e v,
Tl <TSULTS o oA Syl o2 T T T T Tt T
INFUT CATA wAS . - - -
31201222311111422331144442411421131111°231121131111
31311123L31232311112312431011323123231232311 1323231
232323111112 32323232323232323232324232323232325237
32223232323111231123723232323232323232523237232272323 I _
CCCUKPENCE OF 1 IS 57
" OCCURRENCE OF 1 FOLLODWED 1 1S ‘[3’
CCLURRENCE OF 1 FOLLJOWED 2 1S 12\
CCCURRENCE CF 1 FULLUWED 3 1S 9
OCCURRENCE OF 1 FOLLUOwED 4 1S 3 s '7g7 X, = 73
”’, = 136
OCCURKENCE OF 2 IS 65
OCCURPENCE OF 2 FOLLOUWED 1 IS 13
OCLURRENCE OF 2 FOLLOWED 2 1S é\
CCCURRENCE OF 2 FOLLOUWED 31§ 58~ ‘
OCCURKENCE OF 2 FOLLUWED 4 1S ? a.— , 876 'Vv=w UM
[ %
- A
1])«"' 73 ¥
CCCURRENCE OF 3 IS 70 o
OCCURRENCE OF 3 FCLLOWED 1 IS 12"
OCCURRENCE OF 3 FOLLOWED 2 1S5 J~48J
CCCURRENCE OF 3 FULLUWED 3 1S 1 . )
OCCURRENCE OF 3 FOLLUWED 4 0s 9 z.=«77 Z - o
zV: 2 &0
\
GCCURPENCE UF 4 IS 3

OCCURRENCE UF 4 FOLLOwWED 1 IS T 17


file:///y-nt

o CLCURPENCE O o FOLLOWID z 158 . ',\ o
(. UCLURPRENCE f 4 FCLLOWED e T T T N
{J» TULLURRILNCD OF 4 FULLOWED 4 16 3 Wy bt My
|
| A oo e
L THL ®ESULTS FOR DATA 54T 23 ] Ly T e
! ]‘\-“UT AT A \".‘_/\\ o o o o . o o
]
I 11321444441214411334133122413322731122231122213222
| 221422222131111311114111121 0111111101102 1 22000111
| 111121000020 12023 L b 111 11 tE Lyl
, LLI1LIL2122020 02300 i 0 2 1220222880031 30311033
UCCUKKENCE OF 1 IS 147
~ OCCURRENCE UF 1 FULLUWED LIS 71267
GCCURRENCE OF 1 FOLLOWED 2 1s L 7
OCCURRENCE OF 1 FCLLUWED 3 IS 11- v _
OCCURRENCE OF 1 FOLLUWED 4 1S 3 =, qov Xy
oK, .93
OCCURRENCE OF 2 IS 26
OCCURRENCE OF 2 FOLLOWED 1 1S Z'B
OCCURKRENCE OF 2 FULLOWED 2 IS .151
OCCURRENCE OF 2 FOLLOUOWED 3 IS >~
OCCURRENCE UF 2 FOLLUWED 4 1S 1 ﬂ](> . <({'f Aby:»
Wy =38 Y
OCCURRENCE OF 3 1S 17
OCCURRENCE OF 3 FOLLOWED 1 1S [ﬂ’\
OCCURRENCE OF 3 FOLLOWED 2 15 3
CCCURRENCE OF 3 FGOLLOWED 3 IS 4 ,
OCCURRENCE UF 3 FOLLOUWED 4 15 1 Z,r . 64T z, >
%y‘—’: 0:)
L 1
GCCURRENCE OF 4 IS 10
OCCURRENCE OF 4 FOLLUWED 1 1S E4
OCCURRENCE OF 4 FOLLOWED 2 1S 1



CCCURKENCE OF 4 [GLLOWED 31 1y
([ CCULORREACL 0T 4 (OLLOWE) ATS ) TN W,
THE KESULTS FOR DATA SIT VOISR L
. o o
INPUT DATA (AS
4347421432329 51432323,321230323221123232323230 3737 -
323.323232303232323232373232323232323232423232123,
5¢372232323232323232323232%73232523232323232324323
2323232323232373032303232303037373.37303.375730373
CCCURKENCE OF 1 1S 4
GLLURKENCE OF 1 FOLLUWED LIs iy
_ LCCURRENCE CF 1 FuLLowEc 2 IS L,
OCCURRENCE OF 1 FOLLUWI ) 315 0
LCCURRENCE OF 1 TULLJAED 4 1% ? X, .. §o¢ L, X
7(—1/: 'i;)
CCCURRENCE OF 2 IS G3
OCCURKENCE OF 2 FOLLUWED 1 1S 7 14
OCCURRENCE OF 2 FOLLUWED 2 15 L—@J
OCCURRENCE OF 2 FCOLLGWED 3 15 91
OCCURRENCE OF 2 FOLLOWED 4 IS 2 a[> .00 t
%7/-(’72
GCCURRENCE OF 3 IS 96
OCCURRENCE OF 3 FOLLUWED TS T2
OCCURRENCE OF 3 FOLLOWED 2 1S @1]
OCCURRENCE OF 3 FCLLUWED 315 " z = . 9¢Y
OCCURKENCE OF 3 FOLLUWLD 4 15 2 ' ™
z'p—' ¢y o
. CCCURRENCE OF 4 IS 7
OCCURRENCE OF 4 FOLLOWED 1 IS 0 ) Y
CCCURRENCE 0OF 4 FLLLOWED 2 15 Ll] s SR AN
OCCURRENCE OF 4 FOLLCWED 315 o W, -



. _GLLURKINCE OF 4 FiLIONED

| 463243441 LA02 3126402120 13441222322173122134341237
4123334343931 11112332412 1324213413112123431412543

3
o THL REsUL1S DATA SET

COINPUT CATA WS

] 33441422211424411131342211112131342422134121134434
[ 42313324013333024434143321223331222322111221221122

JCCURRENCE Ut 1 FULLOWED
I FULLOWED
OCLURRENCE HF 1 rCLLULWED 3
UCCURKENCE UF

CLCCURKENCE

CCLURRENCE OF

1 FULLUWED

OCCURRENCLF
OCCURRENCE

_CCCURRENCE QF

N

FOLLUWED
FOLLUWED

OCCURRENCE
OCCURKRENCE

FOLLUWED
FOLLOweD

NN N
R AV

OCCURRENCE

DCCURRENCE

(O8]

FULLUWFD

OCCURRENCE
OCCURRENCE
OCCURRENCE

FOLLUWED
FOLLOWED
FOLLUwED

oW W
B At L

GCCURRENCE

-

DCCURRENCE
OCCURRENCE
CCCURKENCE
OCCURRENCE

FOLLOWED
FOLLOWED
FOLLOWED
FOLLOWED

FNIF NN
S

L PR L60
%(>.€=}b
£, x 30
W HTL



THE = ESULTS FUR DATA SLET 26

-
I
L INPUT CATA wAS
\-
33121241013 131110112221122202202122272022220222222222
22224112221221222224211220222222222241222222222227
4202222722426403122200000222220222220702222222220207
222244311222222122242240002222210222202222202722427
~ CCCURKENCE OF 1 IS 25 N e
OCCURKRENCE OF 1 FULLUWED 1 1S 1 97
GCCURRENCE OF 1 FOLLUWED 2 1S [ 14
CCCURRENCE GF 1 FOLLOWED 3015 2-
_ OCCURRENCE UF 1 FOLLUWED 4 1S ¢ Xy= 29y 0 ’s
Ay ’;“(‘(0
CCCURRENCE OF 2 IS 156
OCCURRENCE OF 2 FULLOwWED L 1S I 3
OCCURKENCE OF 2 FOLLIWED 2 1S -136\
CCLURRENCE OF 2 FOLLUWED 3 s 0
OCCURRENCE OF 2 FOLLUWED 4 1S 11 Wi 923 1
va.',cnl
g
GCCURRENCE OF 3 1S 6 ’
OCCURRENCE OF 3 FOLLOWED 1 IS 15
OCCURRENCE OF 3 FOLLUWED 2 IS 01
OCCURRENCE CF 3 FOLLOWED 3 15 - )
GCCURRENCE UF 3 FOLLUWED 4 1S 0 2,>,933 2
2 ‘,o’b’l)
GCCURRENCE OF 4 IS 13
( OCCURRENCE OF 4 FULLUWED 1 IS 137
OCCURRENCE OF 4 FOLLOWED 2 15 Lé) =359
CCCURRENCE OF 4 FGOLLOWED 3 IS 2- .
OCCURRENCE OF 4 FOLLUWED 4 1S ) I 2 0%



THE RESULTS FOR DATA SET ¢

I WUT DATA v AS
N

1133331311 1133333133333515313333113131333333413333
33331333333331333233333133333335333313333333331333
3313333431333333333333333533333333332313333333,513]

3331111133233323333133333333313334314343%3333313333

| OCCURRENCE OF 1 IS 34 o
| ULCULRRENCF OF 1 FOLLCWED 1 IS §9
‘ OCCURKRLNCE OF 1 FOLLUVWED 215 &0.
CCCURRENCE GF 1 FCLLUWED 3 1S 25,
NCCURRENCE UF 1 FLLLOWED 4 15 2 X L6 xy:
—)".y > l'm
OCCURPENCE OF 2 IS 0
GCCURRENCE OF 2 FLLLOWED 1 IS 107
OCCURRENCE UF 2 FOLLUWED 2 1S Lo\
OCCURRENCE OF 2 FOLLJOWED 315 0. . X
OCCULRRENCE UF 2 FCOLLOWED 4 1S 9 a1: oot ‘av
%y,>.0«/0
7/
7
OCCURRENCE OF 3 IS 166 e
OCCURRENCE UF 3 FCLLOwWED 1 IS 24
UCCURRENCE OF 3 FOLIUWFD 2158 o} J
GCCURRENCE OF 3 FOLLU4ED 3 15 141 z,+, 14 2, =,
OCCURRENCE UF 3 FCLLOWKFD 4 IS 5 '
£7=ﬂ<¥?¢
OCCURRENCE JF 4 IS 0
GCCURRENCE OF 4 FCLLOWED 1 IS -io
\__ OCCURRENCE OF 4 FOLLOUWED 2 1S 0
OCCURRENCE OF 4 FOLLJWED 3 1S 0 W oz 000 W -
DCCLRRENCE OF 4 FOLLUWLD 4 1S n W, >, €D 14

THFE RFSIIHITS FNOR NATA SET 28



i

1

—
INPUT DATA wWaS

J32414164314232314231614232423142413) ¢132314132323

L

1323132323131323L111231123124123123112311231124132
323231111112311112311112311112311111231111112<1111

11112312323231111112311232323123111123111111111111

THE RESULTS FOR

DATA SET 29

UCCURPENCE OF 1 IS 95
CCCURRENCE UF 1 FOLLURTEC L IS [ 50 o
OCCURRENCE OUF 1 FILLJWED 215 201 p
OCLURKRENCE OF 1 FOLL 1wED 3 1S 3 x> 4109 Ly
OCCURKENCE UF I FCLLCWLD 4 15 9
_ e 715{4
OCCURRENCE OF 2 IS 43
UCCURRENCE OF 2 FOLLOWLD L Is 70
UCCURRENCE OF 2 FOLLUWED 2 1% Y
GCCURRENCE UF 2 FOLLUWED 3 1S 37 . @00
OCCURRENCE OF 2 FGLLOWED 4 15 2 t1 ' 'av
\6\/::({07
OCCURRENCE OF 3 IS 48
GCCURRENCE CF 3 FOLLOWED 1 IS 1 319
OCCURRENCE OF 3 FOLLOUWED 2 TS [T
OCCURRENCE UF 3 FOLLUWED 3 1S 0- 2 5 f,0e0 2
OCCURRENCE OF 3 FOLLOWED 4 1S ) . >
/
2,7 .69)
OCCURRENCE OF 4 IS 14
GCCURRENCE OF 4 FOLLOWED I 15 17
OCCURRENCE UF 4 FOLLUWLD 2158 5 p
. GCCURRENCE OF 4 FOLLDWED 315 1 W, = V27 A,
OCCURRENCE OF & FOLLOWED & 15 ]
«)J/a”{"’



p——

THE RESULTS FAR DATA SET 30

) INPUT DATA WAS 7
3111231240101 0123010231131 10121144323%324232324.232))
2323.2232323232323232325/3232723232323232323232373 B
CA23232323823730237323202323232323823242132223213042423
232322232323 042323232323232382323232423°323,3232323
| UCCUKRENCE OF 1 IS 21
|
OCCURRENCE UF 1 FGOLLOWLD 1 IS 1477
OCCURRENCE UF 1 FOLLUWED 21s L 5|
COCCURRENCE UF 1 FOLLOWF U 3 IS 1 - °o
OCCURRLNCE OF 1 FGLLOWEW 4 18 1 T = ( X, =07
_ S, Y
OCCURRENCE QOF 2 IS 83
OCCURRENCE OF 2 FOLLOWED 1 IS B
OCCURRENCE UF 2 FOLLOWED 2 1S ko
UDCCURRENCE OF 2 FOLLUWED 3 1S 35 . -, ¢
OCCURRENCE OF 2 FCLLOWED 4 1S 1 aa- O] 7”
4> 989
OCCURRENCE OF 3 IS 86
OCCURRENCE OF 3 FOLLOWED 1 IS Zj%ﬂ
OCCURRENCE OF 3 FOLLUWED 2 IS g3 |
OCCURRENCE OF 3 FOLLOWED 3 1S 0 ,
OCCURRENCE OF 3 FOLLOWED 4 1S n 2= . 499, Z, =
- e
Z«’y R ¢
OCCURRENCE OF & IS ?
Y
OCCURRENCE OF 4 FOLLOWED 1 IS [l
OCCURRENCE OF 4 FOLLUWED 2 IS Loj
OCCURRENCE OF 4 FOLLOUWFD 3 IS 1 W2 ,y00 o =
. OCCURRENCE OF 4 FGLLUWED 4 1S 0 « = v -
wV’ ’ln/D



INPUT DATA %AS

=

=

23132132342231731132221332211411312132111212723111 31
1221211221 22112121221121210122212212222222221121711
2212412112241 23111 010 1221 214212122112122122221°1

2¢2d22222227 12122121282 71222221111211422117272272227

OCCUREKENCE OF 1 IS 76

OCCURKENCE OF 1 FULLUWED 1 1S | 261
_ OCCURRENCE OF 1 FOLLCWED 2 IS Lav) o
. UCCURRENCL OF 1 FULlJdwrFo 31 R / B
GCCURRENCE OF 1 FOULLOW D 4 15 3 X, 755 ’*, =
Xy ™1 447
~ DCCURRLNCE OF 2 IS Ina4 o
CCCURRENCE OF 2 FCLLOWED L 1S {479
OCCURRENCE OF 2 FOLLOWED 2 1S 56|
OCCURRENCE OF 2 FULLUWED 3158 5- - o
GCCURRENCE GF 2 FOLLUWED 4 1S 2 ‘3" 1423 "J»’
%V}'_({/jiy
OCCURRENCE OF 3 IS 14
OCCURRENCE OF 3 FOLLOWED 1 1S [7
OCCURRENCE OF 3 FOLLOUWED 2 IS 51 ,
OCCURRENCE OF 3 FULLUWED 10S - /
OCCURRENCE OF 3 FCLLUWED 4 1S 1 5 . o5
i"'{(o’} Zv%
. ”
2, *.)7)
OCCURRENCE OF 4 IS 6
OCCURKENCE UF 4 FOLLUWED 1 1S [3
OCCURRENCE UF 4 FGLLOWED 2 1S 3
[ T OCCURRENCE OF & FOLLOWED 375 0- _ o0 o
OCCURRENCE OF 4 FOLLUWED 4 1S 3 w = [0 )
-
THE RESULTS FOR DATA SET 31 —
W, =, yob

INPUT DATA WAS



(2]

-,
H

L2121 21215 I 211120111211 1272213121217171112

2LLL124302122321332112333521,1212123121211 444444
444321233121449444437335121 2344444444444 344343744312
233114311274431211444444464044444431244643234431222

CCCURRENCE GF 1 IS 59

CCCURRENCE UF 1 FOLLOWED 1 1S tl?q
GCCURRENCE GF 1 FGLLUWED 2 15 136

____OCLUKKENCE_OF 1 FULLUwWED 3 1S 3
GCCURKRENCE OF 1 FOLLUWED 418 3 Xo=, 47§ Xy =, 329
CCCURKENCE JF 2 IS 53
OCCURRENCE UF 2 FOLLOWED 1 IS 71297
CCCURRENCE OF 2 FOLLUNED 2 15 L]
OCCURRENCE OF 2 FOLLOWED 3 1S - . o
CCCUKRENCE OF 2 FOLLUWED 4 15 4 31'173‘/ d*”,é73'
CCCURRENCE OF 3 IS 31
OCCURRENCE OF 3 FOLLOWED 1 IS Y127
OCCURRENCE OF 3 FOLLUWED e 1s Loy
OCCURRENCE OF 3 FULLUWED 3 1S g ) ys P
OCCURRENCE OF 3 FOLLUWED 4 1S 5 Z,2:3590 2. = 16VY
CCCURRENCE UF 4 IS 57
OCCURRENCE OF 4 FOLLOWED 1 IS 710
OCCURRENCE GF 4 FCLLOUWED 2 IS .LOI
OCCURRENCE UF 4 FULLOWED 3 1S 12 - L
OCCURRENCE UF 4 FOLLOWED 4 IS 45 Wiy=,c000 =00

THE RESULTS FOR DATA SET 32

INPUT DATA WAS



4422443341221241223142111122213131311111111222223%

(1, 333440440845 40R0642 [hA4216012444132131114321111444
4426241341434 1432210113310 011133%131312131111111
13011121120 L1t 410 11133433333342431333333723

o e
T OCLURKLNCE OF 1T 15 85 S T S T
OLCURRENCE OF 1 FOLLUWED 1 1S [ 56
CCCURKENCE OF 1 FOLLOUWED 2 Is L2l
OCLURKENCE OF 1 FULLIWED 318 L4 ,
CCCURKENCE UF 1 FULLUWED 4 1S 1 X, = 733 X, s 1 %23
CCCURKENCE OF 2 IS5 2#
7 OCCURKENCE UF 2 FULLOWED 118 117 -
CCCURRENCE UF 2 FOLLuWED 2 15 L1
OCCURRENCE OF 2 FCLLUwWED 3 IS 2 y .
CCCURKENCE OF 2 FOLLOWED 4 15 5 T AL j,,-. e
GCCURKENCE OF 3 IS 45
OCCURRENCE OF 3 FOLLUWED 1 1S 112
OCCURRENCE OF 3 FOLLOWED 2 IS 4
OCCURRENCE UF 3 FOLLOWED 3 1S 24
GCCURRENCE OF 3 FOLLUWED 4 1S 5 £~ 333 Z,:, 400
|~ T OCCURRENCE OF & IS 42
OCCURRENCE OF 4 FOLLUWED 1 1S 1767
CCCURRENCE OF & FOLLOWED 2 1S L7
OCCURRENCE OF 4 FCOLLCWED 31§ 5- c
OCCURRENCE OF 4 FOLLUWED 4 IS 24 W,>»307 w,>  26Y%

THE RESULTS FOR DATA SET 33

INPUT CATA KAS

44444223111334132131444323211313231111131343133312



_LLI31332101131200111011221011342111331111211113211

ng” L1113 2000 TP L L E L L L BN EL LTIl 220 1111111
: TITI0ILI0UI LI 1102 13234m4421113232242 32734234
N e - o e m
:
OCCURRENCTH Uk 1 IS 125 e e
| OCCURRENCE (F 1 FULLDWED L IS 11n1~
| OCCURRENCE (F 1 FULLUWED 2 1S sI
| OCCURRENCE OF 1 FCLLCwWFD 3 IS 17
UCCURRENCE uF 1 FULLUWED 4 15 1 T AY S ER R/ T,
[ ; _ . _ .
{
L
CCLUKRENCE OF 2 IS 26
__ OCCURRENCE UF__ 2 FULLUWED 1 IS_ Y127 _
OCCURRENCE UF 2 rULLUWED 2 1S -~ %
CCCUKRENCE GF 2 FOLLUWED 3018 I s
UCCURRENCE OF 2 FOLLJWE. 4 15 2 Mt S HV: f?é?
{
OCCURRENCE OF 3 IS 32
OCCURRENCE OF 3 FOLLODWED 1 1S 71177
OCCURRENCE OF 3 FOLLOWED 2 1S 11,
CCCURRENCE OF 3 [CLLOWED 3 IS 5
OCCURRENCE OF 3 FOI LUWED 4 1S 5 2>, k%7 Z, :.500
CCCURRENCE OF 4 IS 17
OCCURRENCE OF 4 FOLLOWED 115 Elj
OCCURRENCE OF 4 FOLLOWED 2 15 5 1
CCCURRENCE OF 4 FCLLOWED 3 1S 2 A
OCCURRENCE OF 4 FULLOWED 418 ) w, =, -5{3 Wy =, I7¢(
THE RESULTS FOR DATA SET
G

INPUT CATA WAS

44242424321121221211214111111311111132224113222242
13211322424241322441132241313222242242424242411313



LLL1311132123214231004224 0300131113011 41115401424]1

fiq 3222414737323 1T I 1413121374031 2123 117 TTT1307 0747
> _
CCCURRENCE OF 1 IS T8
~ UCCURKFENCE OF 1 FOLLCWED 1 1S 39 T
CCCURRENCE UF 1 FOLLUWED 2 15 LIO]
CCLURRENCE CF 1 FCOLLUWED 3 1S 25
OCCURRENCE OF 1 FOLLOweT Z ] -
) LLWED 4 1S v 2wy /Ll’g 7“"12’
oy > 'g),o
OCCURRENCE OF 2 1S 59
OCCURRENCE (OF 2 FGLLOWED 1 IS <12
~ OCCURRENCE OF 2 FOLLOWED 2 1S Zhlsl
CCCURRENCE OF 2 FOULLOWED 3 IS 77
OCCURRENCE OF 2 FULLUOWED 4 1S 21 $ = §og 2
e oo
‘Xy’f 3VY
CCCURRENCE OF 3 IS 34
OCCURRENCE OF 3 FOLLOWED 1 IS 116+
OCCURRENCE OF 3 FOLLUWED 2 1S Ll?j
CCCURRENLE OF 3 FOLLOWED 3 IS 0 ) .
DCCURRENCE OF 3 FULLUWED 4 1S 1 A2y 70 Z2,:,4
£, =70
OCCURRENCE OF 4 IS 29
OCCURRENCE OF 4 FOLLOWED 1 IS 11
CCCURRENCE OF 4 FOLLOWED 2 IS 14]
CCCURRENCE OF 4 FCLLOWED 3 1S 2
OCCURRENCE OF 4 FOLLOWED 4 1S 2 ERENTY W, =
THE RESULTS FUR DATA SET 35
wyr"qqg
L INPUT DATA WAS

11113222222222222121112211111222222221211111122211
11111111112222211211222211221221212112222221122112
111111111111 11111111112222122222111122222212222112



£y

1222 1111222212222222221110212222112221122121222/11

[ TOCUIRKRENLE OF 1 1S 6 T TT T T e s s e e e
UCLLPRENLL OF 1 FCOLLOWLD 1 I8 1 65
OCCURF FNCE UF 1 ¢t JLL WD 2 1S Lénk B -
CCCURKFANCE Ut 1 fOLLL ED 3 1S |- G

| JCCURSENCE OF 1 FLLLULED 4 1S N %1~_;_/l/;m_ PR 4
JCCURRENLE UF 2 IS 103
CCLURFENCL OF 2 FCLLLWFD 1 IS 307
OCCURRENCE UF 2 FOLLuwED 2 1s L7
GLCURRENCE OF 2 FOLLUSED 3 1% ne
UCCURFENCE GF 2 FULLCAWED 4 1S > n‘— [[6o0 'j,,= L 29
OCCURRENCE UF 3 IS 1
CCCURRENCE OF 3 FCLLOWED 1 IS XOW
OCCURRENCE OF 3 FULLUWED 215 1
GCCURRENCE OF 3 FULLOWED 3 1S o~ . o
OCCURKENCE OF 3 FCLLGWED 4 15§ 2 Ei- [.oc0 Z,=.0
OCCURRENCE OF 4 IS C
CCCURRENCE OF 4 FOLLOWED 1 IS (07
OCCURRENCE OF 4 FOLLUWED 2 1S Lo
OCCURRENCE GF 4 FOLLOWED 3 1S -4 S

- . = ,0¢

OCCURRENCE UF 4 FOLLOWED 4 15 0 W=, 00 N

THE RESULTS FOR DATA SET 36

INPUT DATA

WA S

24332443332313121131431311114333112112111121111123
433211231234313211211131211331111311231111143311231
14312111211133323331211111111214333444424434434434
43334443344334433443323132313331121111211111111111



-
AN
L CCCURKENCE QF 1 1S A
b = L Bl SN .
OCCULRRENCL «F 1 FCLLUWED I IS 453
 UCCURRENCE UF 1 FOLLOWED 2158 11f1
\ CCCURRENCE UF 1 FGLLUOWED 315 15
NCCUKRENCE F 1 FGLLOWeH 4018 5 Yo e Ny e 73,
S CCLUKRENCE UF 27 IS 24 o o o o
JCLCURFENCE OF 2 FULLOWED 1 IS 13~
OCCURRENCE 1F 2 FOLLwED 215 L 0
CLCURRENCE CF 2 FOLLOWED 318 5 - .
_ OCCURRENCE OF 2 FOLLUWED & 15 2 'a,>.g ¢ 43, :,q(L
OCCURKENCE OF 3 1S 59
OCCURRENCE 0OF 3 FCLLUWED 1 15 [2a7
OCLURKENCE DF 3 FOLLOWED 215 b 6]
GCCURRENCE CF 3 FOLLOWED 3 1S 22
OCCURRENCE OF 3 FOLLGWED 4 IS 11 2 YO
e Z,:.111
OCCURRENCE OF 4 IS 31
OCCURRENCE OF 4 FOLLOWED 1 IS [04
OCCURRENCE OF 4 FULLUWED 2 15 0l
CCCURRENCE QF 4 FOLLUWED 3 1S 13- .
OCCURRENCE OF 4 FOLLOWED 4 1S 13 Wiz ged W, =, 5%
THE RESULTS FOR DATA SET 327 ~
INPUT CATA WAS
L 4311344443134424224342113%324222422423114121131111

31132242223312113131442111311342224142432141333142
31111121224211111113112212232211111112221412112112
22214212221411111214322111144212121234111121312211



'1"\
N

i JCCURKENCE UF 1 1S a3
" CCCURRENCE ©F 1 FULLOWED L 15 147
UCCURRENCE UF 1 FOLLJwWED 215 Ll?&
_CCCURRENCE OF 1 FULLUWED 3 1S 13-
, UCCULRFENCE NF 1 FOLLCwWED 4 1S 10 . ) ]
| Xy=- (¢ Ky Yy
r._.QCE«.UR[LEN(;E_,QF 215 27
CCCURRENCE OF 2 FOLLUOWED 1 IS 1217
OCCURRENCE UF 2 FOLLUWED 215 Loyl
GCCURKENCE OF 2 FULLUWED 318 6~ ]
OCCUPRENCE OF 2 FOLLOWED 4 1S z 3«>:“Z3L ’%‘/°,1/73
OCCURRENCE OF 3 1S 25
OCCURRENCE GF 3 FOLLOWED 1 IS 71147
OCCURRENCE OF 3 FOLLUWED 218 L SJ
OCCURRENCE OF 3 FOLLOWED 315 5 v Nl
OCCURRENCE OF 3 FULLOWED 4 1S 5 WIERT NS Z, .63
,'/)'
GCCURRENCE OF 4 IS 31
OCCURRENCE CF 4 FOLLOWED 1 IS 6
OCCURRENCE OF 4 FOLLOWED 215 14]
OCCURRENCE OF 4 FOLLUWED 3 1S 5
DCCURRENCE OF 4 FOLLGWED 4 1§ 6 Wiz, Loy uy: '3(¢
THE RESULTS FOR DATA SET 38
INPUT DATA WAS
24311331233223311111111131331111111331313111111111
q 111111113111111121122131111121311213211111313 11311111

1111111211131111113311111810121231012002002111111111
111111311111 11111101211200012200222210220220102211111
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ULCURRENLL OF 1 IS 177
o CLLURRENCE OF 1 FLLLUSED 1S 1 lhag
UCCURKLNCE U 1 oLl o 2 N
CCCURKENCE 01 1 FOLLO o1 RS )
CCLURRENCE GF 1 vOLLE 1D 4 1, ro:oL 92 Ko o YWy
OCLURRENCE CF 2 IS 4
CLLURRENLE GF 2 FLLLuWED 1 1% Y~ T T T T T
OCCLRRENCE UF 2 FOLLCWE ) 215k 1&
OCCURRENCE OF 2 FUL LOWED 375 2 -
> ; \[_ - -
CLCURKENCE GF 2 FGLLLOWLD & 1% 1 }1_1x3‘) 32'_ 500
OCCURRENCE OF 3 1S 18
CCCURRENCE OF 3 FOGLLOUWED LIS 1115
OCCURRENCE UF 3 FOLLUWED 2 15 A1
OCCURRENCE NF 3 FOLLUWED 3T 6o
OCCURRENCE CF 3 FOLLOWLD 40 1S 0 2,2 b6 2.z 994
OCCURRENCE OF 4 IS 1
OCCURRENCE OF 4 FOLLOWED 1 IS 1 N7
OCCURRENCE OF 4 FOULLOWED 2 15 LA’
OCCURRENCE OF 4 FOLLUWED 115§ 1o
_ = (] ; -
OCCURRENCE OF 4 FULLUWED 4 1S v W=, Ve L
THE RESULTS FOR DATA SET 39
INPUT DATA WAS
39212222213223113141311111312122214414121424131211
31131331131222221211211442113111122321413111111111
L 31121111121322111122212111222211221111211222212211

21121112222111121122221222112221221121111111211112
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”’% 1 IS 104 -
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; ULLURKENCE UF 1 FOLLJWED AN 56

U NCCULPRENCE _uf 1 FoLbuwb) 2 15 i 21)1

' ODCCURRENCE UF 1§91 Luabn 3I1S 134
CLCLURKRENCE CF 1 TULLOWw D ¢ : .

U 4 15 b w” ’/// L ,‘(fﬁg
OCCURRLNCE OF 2 1S 71
CCLCUKKENCE OF 2 FCLLUWEYD 1 1S | 217
ULCURTENCE OF 2 FCLLUWED SIS han !
OCCURKENCE UF 2 FULILUJAED 31 >
CCLURKENCE CF 2 FOLLUWLGS 4 1% 1 ]t;,c?%g ‘jy:«-VGS/
J
UCCURPENCE OF 3 IS 1o
UCCURKENCE UF 3 FOLLOwED LIS 1121
OCCULRRENCE NF 3 FULLOWED 2 1S & 3
_ OCCURRENCE UF 3 FULLUWED 3115 1
CCCURRENCE UF 3 FCLLOwEU 4 1S n Z,: 1937 Z -,z
> 1

OCCURRENCE OF 4 IS 9
GLCURRENCE OF 4 FULLUWED 1 1s T 91
OCCURRENCE OF 4 FOLLUWED ) I8 L2
OCCURRENCE OF 4 FOLLUWED 3 1S o %
OCCURRENCE CF 4 FOLLUOWED 4 15 2 w777 e - {33

THE RESULLTS FOR

DATA SET 4C

INPUT DATA

WAS

23121321113414341321123111211212131112144132411411

32211111312231121123223111113121111311221111111312
12121121131111311111111211111334311133333333333111
11111111123111122442444241324442442334422341222134
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\__ UCLURKENCE UF 1 FultJdw&y 21S 10"
[ OCCURRENCE UF T FOILOwWLO 4 15 3
B! —VKK/U ’/(L” 1/(
CCCURRENCE GF 2 IS 3G
UCCURKENCE UF 2 FOLLOAED 1 1§ 17
~ CCLURRENCE LF 2 FULLOWID 2 15 I uT
OCCURRENCE 0OF 72 FULLOWFUD 31 3
CCCURKENCE OF 2 FOLL'JAED 4 1S 6 a,; vy ?»—1 v
" T CCCURRENCE CF 3 IS 39
OGCLURRKENCE UF 3 FOLLUWED 1 IS 1 l4
CCCURRENCE OF 3 FOLLUwFD 2 15 L oJ
OCCURRENCE OF 3 FULLOWED 3 1S 14 ; q
OCCURRENCE OF 3 FULLOWED 4 15 5 2,30 Z, = 11¢
OCCURRENCE OF 4 IS 22
" OCCURRENCE CF 4 FULLUWED 1 1S f'?
OCCURRENCE OF 4 FOLLOWED 2 15 Ni}
OCCURRENCE OF 4 FOLLOWED 3 1S 1
GCCCURRENCE OF 4 FOLLOWED 4 18§ 3 _ 7
W™, Sy @h,=,3§
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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 ancther subject or the experimenter. These selections
determine numerical payoff values of varying desirability for the players. This conilict

situation allows the psychologist to study various aspects of human behavior, such as
strategy formation.

PUBLICATION REVIEW

WALTER F. GRETHER
Technical Director

Behavioral Sciences Laboratory
Aerospace Medical Laboratory
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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 is, 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 timer, Ty (left
timer 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 s lent switches are used throughout so that audible cues do not ;ive
away the fact that the experimenter has entered the game. For this same reason the
relays are shock-mounted in a sound-deadened compartment.

Figure 1. Matrix Game Apparatus

SUBJECT A SUBJECT B
ROW:
3102 31-4|2
V7

-4 |-| £33 2 O |-l |-2
77N ~17
2 -2 |-l |3 2 331
* T
COLUMN: | 2 3
O 0O ,® o ,® O
A'S CHOICE BS CHOICE

NOTE: INTERCHANGE OF ROWS & COLUMNS IN B MATRIX

Figure 2. Example of Selection and Payoff
For One Round of Play
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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 timers' pewer switches which may therefore
be left on. The timer interval switch is left off since control is external to the timer.

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 timer Ty. At the end of Tq 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 start the timers and display the payoff.

SCORING

Subject mode during the interval T 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

T, - the time set on timer 1 determines how long the payoff square shall be illumi-
nated (see figure 3) . This time period is the information feedback interval.

Ts - the time set on timer 2 (which must always be longer than Tl) determines how
long all ready lights shall be out after the last player has made his choice, that is, the
time between the end of one round and the beginning of another.
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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 relays.

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,
(¢) complete this portion of the timer start circuit, and (d) hold themselves.

The timers are commercial models 111C made by the Hunter Mfg. Co. To start a
timer, terminal 1 is connected to terminal 2. This connection for timer 1 is made through
a series 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 timer ready contacts in the console are bypassed by the mode switch and only the two
gubject responses are required. The start relay on the first timer starts the second timer
so both start nearly simultaneously. At the end of Ty the finish relay in the first timer
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 Ty the finish relay in the second timer: (a) releases six of the eight
24-volt relays, discharging their respective capacitors, and (b) energizes the auxiliary
finish relay.

4
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The auxiliary relay: (a) relcases the remaining two 24-volt relays and (b) opens
the second timer hold circuil (held through the start relay and normally closed contacts
of the auxiliary relay) to ready it for another cycle.

Mo_de 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-parallel paths, allowing lighis 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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ABITRACT CF

In thie study, azn stlempt wes macde Lo apply the regu-
lar Markov cheldn wndel to Lhs unoe rlylag Latsralay ol mntives
opuerating du four of the cxv non-iero-sus gewmes clgcussed L
Rapoport as “.sploiter,” “beadap,” "llero" snd "Martyr. On
the assumption tnet tue underlying sotivetionsl proceas was
directly rosponsible 1in datermining the avert responses of
cutcomes on sach trizl of the game, the presumed motivational
koressures’ were . uantified In terss of stata-conditioned
varisbles forsing s setivetionel matrix ¢ with trsnsition
probebilities. assuming that » wes & metrix of sn ergedic
#arkev procesz, the wiole motlvationsl process wes then
modelled g3 = [inite Harkov chaln process from wihleh predlie~
tions were pade s to the sctual distribution of ocutcomes in
cach game by caloulsting the limiting propeblility wector X
for the chein.

Thne sample consizsted of forty male greduate students
rrom the Feoulties of | sychology and Lduestlon, University of

1., M.k, wopny, doctorsl thesls presentsd to the Feeulty
of baycholegy of the University of Ottswa, Ontario, April, 1964,

ix~ 60 Ve
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Uttawa. The subjects wers divided inte dyads and randomly
assigned to play one of the {our games. Ten palrs wers run
for & totel of two hundred consecutive trisls on an eleotri-
eally designed game theory apparstus, consisting of two
sublect panels connected to an exparimenter’'z covenle and
providing each subjsct with 2 two-choles pushebution selectlion
ef matrix rows and columas.

The gemes were played under conditios of perfect
informetion where ssch sublect knew, at the end of esech trial,
the emouat ¢f hiz pay-of!l snd the gother person’s pey-oii.

In additien, esch subjoet wes given & continuous copuliative
feedback of his zum totel scors st the end of wach trisl, but
ne feedb&ek s Lo the cumulative total of the other subject.
AYl subjects pleysd under “free-play” conditions; that is,
under no predetermined strategy coming from the axperisentsr,
Consecutive oceurrence of the cholide~outoomes were reoorded o
88 to obtain & continuous bistory of the process for snalysis.

The zetusl game-playing behaviour spproximatsd the pree
divted behaviour of the players for gsmes Diplolter, Leader and
Yartyr, but the players' game-bshaviour for fHero cenld not be
predleted from the Hevkov chain model., It was suggested thet
the motives operating in Hero were much more complicated than
Bapoport's view of 5 polar vnragsure” to switch or mot to

switeh Prom tie netural outcome of the gawve, end that the it
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between predicted and observed values could perhaps be mors
closaly approximated by o wmodel which would ecmbing the
stochastie charascteristics of the regulsr Yerkoy chein with
the prineciples of the Bugshedosteller learning wodel., This
was suggested as s pomeible direction in which to expend the
present study,



ADDENDUM TO EWUATIONS 4 aND 5 (p.29)
AND FIGUHES 3 AND 4 (p.31)
OF CHAPIER 1T

Note that both equations (4) and (5) as shown in
the text Aare 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 1,
equation (4) is actually the following:

x,= Pr (8;a14,)
y,= Pr (Bl‘AlBZ)
z,= Pr (BllBlAZ)

w,= Pr (By|B,B,)
and for player 2, it is:

X, = Pr (BZlAzAl)
y,=Pr (BZ]AZBl)
z,=Pr (By|B,A )

w,= Pr (BZIB2Bl)

Since a transition from state to state i1s concep-
tualized as depending on what both players do, the entries
of figure 3 are constructed 1in terms of the above equations.
The transitions from state AA to any other state are quite
straight forward and obvious. So are the transition gro-
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 probablility of player 1 playing B
following AB (that is, A.B ) is Yq9 and the probability of
player 2 playing B followifig AB (‘that 1is, AB,) 1is z,.
Hence, the joint probability of transition 18, thereffre,
y,2. (the last cell entry in the second row of figure 3).
Simglarly, 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., BjA,) with probability zq, and player 2
must play B following BA (i.e., BjA;) with probablillty y,.
Hence, the joint transition proba%i%ity from state BA to"BB
is z,¥2 (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
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and player 2. For player 1, ecquatlon (5) is:

x = Pro(iq]4A

yl: Pr (AllAlB

z = Pr (A1;B1A2)

W, = Pr (Al}B 3

For player 2, this is:

X,= Pr (A2 AZAl)
Yo = Pr (A2 A Bl)
ZZ: Pr (A2 BZAl)
W1= Pr (A2 BZBl)

Thus, for example, to go from AB to AA the probability
of player 1 playing A following AB (i.e., A4B,) is y,» 2nd the
probability of player 2 playing B following A% (1.e.5a B,)
is z Thprefore, the joint transition probability from“AB
to af is y 2z, (the first cell entry in row two of figure 4).

One further example: to go from BA to BB, player 1
plays B following BA (or BlA with probabiIlity that 1s. the com-
plement of z,, that is, (17- z,) =and player 2 plays B following
BA (or B1A2) with probabillity that is the complement of y,,

that is, (I -y5). Hence, the Joint transition probabili%y
from BA to BB 1s (1 - z4)(1 - y,) as glven by the last entry

in row three of filgure ﬁ oimglar reasoning 1s 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 loglec of how 1t was constructed, 1s the study by
Ammon BRapoport and Abbe Mowshowltz, "Experimental Studies of
Stochastic Models for the Prisoner's Dilemma", Behavioral
Science, Vol. 11, No. 6, 1966, p. 4hh-458. -



THE BREGULAR MARKOV CHAIN MODEL APPLIED TO GAME-
PLAYING BEHAVIOUR ‘IN BAPOPORT'S "ARCHETYPES" OF
THE 2X2 NON-ZERO-SUM GAME

by M.A. Wozny

ERRATA

p.2 line 4:. Morgentern should read Morgenstern
p-4 for Player 2: Ay should read Ap

p-9 in reference 17: Dobb should read Doob
p.29 1in ea'ns. (4) and (5): P should read Pr
p-30 1line 3: B, should read By

i
line 5: A1 should read Al
p-35 1line 6: "forty"should read'eighty"
p-58 Appendix 3, line 16: '“"forty" should read "elghty"
line 3: before "2x2" insert "seventy-eight!

p.-59 1line 2: 1insert "per game matrix" after "Ten pairs
were run"

line 11: "oomulative" should read "cumulative"



ADDENDUM TO EGUATIONS 4 & 5 (p.29) AND
FIGURES 3 AND 4 (p.31)
OF CHAPIER 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, deo-
end only on what happened on the previous play. Under
this condition for a sowewhat similar two-choice two-nerson
sltuatlon s thnt of the present study, Rapoport and Cham-
mah~ show that it is possible to conceptualize this depend-
ence 1in elther of three ways: (1) on what the player in
question did, (2) on what the other player did, and (3) on
wh1t both of them 4id.

If the dependence 1is conceptualized Aas either (1) or
(2), Rapoport and Chammah use "response-conditioned propen-
sitles" on pages 67-69 and 116-119 to define their transition
matrices. If, on the other hand, the dependence 1s concept-
valized in terms of (3), as it is in this study, then 1t 1s
better to use the so-called "state-conditioned propvensities™
to define the transition matrix. The state-conditioned
variables X3, yy, 2z; and w, defining equations(4) and (5) of
the present study are simiiar 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 swltch from the AA outcome.
Both figures represent in matrix form a system of four simul-
taneous equations 1in four unknowns and are identical 1n form
to equations (61), (62), (63) and (64) derived by Rapoport
and Chammah for their general case, four-state Markov model
as glven on page 121 of thelr book. For discussion and, deriv-
ation, see pages 105-123. The entries of figure 4 are-the
respective terms of Rapoport and Chammah's equations, slnce
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.
References:

1 A. Rapoport and A. Chammah, Prisoner's Dilemma: A
Study in Conflict and Cooperation, Unlversity of Michlgan
Press, Ann Arbor, 1965, x1i-258 p.



