Cooperation and the variation of payoff

in non-zero-sum games'

The relationship between cooperative play and specific
matrix entry values was examined for three non-zero-sum
games. A competitive choice in games II and III offered the
possibility of equal differential gain over the other player,
but differential gain greater than that offered by a competitive
choice in game 1. The amount of absolute gain available
through a competitive choice was the same in games I and II,
but greater in game III. Thus, competition offered the least
amount of differential gain for game I, equal differential gain
for games 11 and I, equal absolute gain for games I and II,
and greatest absolute gain for game III. Ss were found to be
highly cooperative in game I, somewhat less cooperative in
game 11, and markedly less cooperative in game Ill. The pre-
dominantly cooperative behavior of Ss in games I and Il is
at variance with findings previously reported in the literature.

Strategies adopted in two-person non-zero-sum
games have been demonstrated to differ fromthose pre-
dicted by formal game theory (Scodel, Minas, Ratoosh,
& Lipetz, 1959). The purpose of the present study is to
ascertain the contribution of specific relationships a-
mong matrix entry values to the discrepancy between
theoretical and actual game behavior.

The general payoff matrix for two-person non-zero-
sum games is shown in the left upper corner of Fig. 1.
Each player has two choices, RED or BLACK. In the
present study, a RED choice is referredtoas a compet-
itive choice and a Black choice as cooperative. The four
possible outcomes are denoted by a couple(Xj,Xj). The
first number of a couple is the value of the outcome to
person 1, and the second number, the value to person 2.

GENERAL MATRIX MATRIX T
RED | XX, | Xy Xy R0l 5.3 10,0
PERSON | PERSON |
BLACK XI vXI X2 'X3 BLACK 5 , 5 3'5
BLACK RED BLACK RED
PERSON 2 PERSON 2
MATRIX I MATRIX TIT
RED1 5] 0.0 R0 7.3 0,0
PERSON | PERSON |
BLACK 5 '5 | , 5 BLACK 5 , 5 3'?
BLACK RED BLACK RED
PERSON 2 PERSON 2

Fig. 1. The general form of the payoff matrix, and the three non-
zero-sum payoff matrices used in the experiment.
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A type of game, referred to as a ''Chicken'' game
(Rapoport & Chammah, 1965), is subject to the following
restrictions:

(i) X4< X9< X< Xg
(i) 2X; > Xg +X3>2Xy

In "'Chicken'' games, outcomes (Xy, X3) and (X3, Xg)
for players 1 and 2, respectively, are greater than out-
come (Xy, X4). Matrix III meets these conditions, but
condition (i) fails in the other two,inthat X; < Xg< Xy =
Xg (see Fig. 1).

Minas et al (1960) report an unexpectedly high fre-
quency of competitive choices when condition (i) fails.
Since a player could not gain more points by choosing
RED over BLACK when X, < X, < Xy =Xg, the interpre-
tation was that the predominance of RED choices indi-
cated an attempt to maximize differential gain rather
than absolute gain.

Rapoport et al (1965) report that for Prisoner's
dilemma matrices, as the difference, X3-X,, increases,
the frequency of cooperative choices decreases, His
data, however, do not indicate the relative contribution
of each component, X3 and X2, in the relationship be~
tween the frequency of cooperative choices and X3-X2,
since X, is always the negative of Xg, i.e., Xg=-X3.

The present study employed three matrices, I,1I, and
III, shown in Fig. 1. Matrix II differs from Matrix I
only in that X2 is decreased; Matrix III differs from
Matrix I only in that X3 is increased. The difference
X3—X2 is equal for Matrices II and III. Condition (i) fails
for Matrices I and 1I, i.e., X4< X2< X1=X3.

The specific hypothesis under investigation is that both
an increase in X3 and a decrease in X2 are associated
with a decrease in cooperative choices; however, an
increase in X3, which results in both absolute gain and
differential advantage over theother player, should have
more effect than does a decrease in X, which only mag-
nifies the differential advantage for the player, without
increasing his absolute gain. Of secondary interest is
whether the larger monetary payoff associated with
Xy < Xy < Xy = Xg will induce a higher degree of coopera-
tive play than that reported by Minas et al (1960),
Method

The Ss were 36 male students from introductory
psychology courses at the University of Oregon. Four
Ss separated by opaque screens participated simul-
taneously. In front of each S was a panel displaying one
of the three payoff matrices. One red and one black
pushbutton were located to the left of the matrix. The
Ss were randomly assigned to GroupsI,1I, and III, which
corresponded to the matrices shown in Fig. 1, Each S
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was told that he had been paired with one of the other
three persons present, that his and the other person’'s
choices would jointly determine his payoffs and that there
would be 100 successive trials. After eachtrial,a light-
ed cell on the S's panel indicated the payoffs of both
participants. The Ss were informed that they would be
paid at the end of the experiment according to the fol-
lowing procedure. Each S would toss a die once. The
value of the upturned face multiplied by the point total
and divided by ten determined the amount the S received
in cents. All the procedures were carried outin accord-
ance with the explanation given to the Ss.

Results

Figure 2 shows the mean per cent of black (co-
operative) choices over blocks of 20 trials for Groups
1, II, and III. The 100-trial means were: Group I, 98;
Group II, 78; and Group III, 47. The average point total
was 489 for Group I, 391 for GroupII, and 360 for Group
II1.

The difference in frequency of cooperative choices
between groups is significant atthe .0051evel (F=12.96,
df=2/33). Tukey's procedure of multiple comparisons
revealed significant differences over 100 trials between
Groups I and III (p< .01), and between Groups II and III
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Fig. 2. Per cent of black (cooperative) responses.
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(p< .01). The difference between Groups I and II was
approaching significance at the .10 level.
Discussion

The results for the three games indicate thatincreas-
ing X3—X2 is associated with a decrease in cooperative
choices and that of the two components, X3, Xz, in-
creasing X, reduces cooperation more than does de-
creesing Xp. It is concluded that X3-X5 per se is not the
crucial variable affecting cooperative play since for both
Groups II and III, X3~X5 =4, and Groups II and III were
shown to differ.

The interaction between the goals of maximizing
total gain and differential gain for Group IIlis the most
plausible explanation for the marked reduction in co-
operation for Group III as compared with Groups I and
II, since the groups in order of decreasing cooperation
are I, I, and III.

Both games I and 1I, for whichX4 < Xg< X =X3,were
played in a predominantly cooperative manner. This
suggests the main goal for these two games was that of
maximizing absolute gain, rather than maximizing dif-
ferential gain as was concluded in the Minas et al
(1960) study where only 48 per cent of choices were
cooperative. The only major procedural differences
between the two studies are the number of trials, and
maximum possible payoff. The game in the Minas et al
(1960) study consisted of 30 trials, witha maximum pos-
sible gain of $.90. All games in the present study were
100 trials in length and the maximum possible gain for
games I andIIwas $3.00. Thus, increasing the maximum
possible payoff may increase the degree of cooperation.

References

Minas, J. S., Scodel, A., Marlowe, D., & Rawson, H. Some descrip-
tive aspects of two-person non-zero-sum games: II. Conflict
Resol., 1960, 4, 193-197.

Rapoport, A., & Chammah, A. N. Prisoner’s dilemma, A study in
conflict and cooperation. Ann Arbor: University of Michigan
Press, 1965.

Scodel, A., Minas, J .S., Ratoosh, P., & Lipetz, M. Some descrip-
tive aspects of non-zero-sum games. Conflict Resol., 1959, 3,
115-119.

Note

1. This research was conducted by the senior author in partial

fulfillment of the requirements for master’s thesis at the University

of Oregon and was supported by NSF Grant GS-583 to the second
author.

Psychon. Sci., 1966, Vol. 5 (4)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




