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Expansion of the Hybrid Model of Social Orientation and
Ultimatum Games: From 2-person to N-person relations

Toshiaki Dot

Abstract : It has already been shown that the decision making of a person in
ultimatum games can be explained and predicted very well by the hybrid model of
social orientation (Doi, 2009; Doi, 2010). However, the hybrid model was developed
only for 2-person relations. Social settings, in which more than two persons are
involved, are considered to provide a variety of situation where might be possible
to observe interesting interactions that do not appear in 2-person relations. Some
researchers have already investigated N-person ultimatum games. The purpose of this
paper is to show how the hybrid model can be extended to N-person relations, and
how the decision making of people in N-person ultimatum games can be explained and
predicted by the extended hybrid model. The analysis also reveals that perceptions of
the other person’s motivational state play an important role in the decision making of
the allocator in ultimatum games. Interpretation of the motivational component of the
decision making process varies depending on factors in the social settings, especially
the number of people involved, and this is shown and discussed.
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1. Geometrical model of sockil onentation and
ultimatum games

People's decision makings in social setlings rarely
follow the mtonality of economucs, that 15 the
meaximization of one's own interest. People usually
consider the other person’s interest in addition to
their own, when they have to make a decision. So-
cial orientation is a concept that describes how a
person takes the other person’s intenest into consid-
eration. compared with hisher own, Griesinger &
Livingstone (1973) showed that the social onenta-
tion of a person can be elegantly expressed geomse-
trically, as an orientation & m a 2-dimensional A=)
space, as shown in Fig. 1. Axes X and Y represent the
payofls to oneself and the other person. respectively.

Chonce aliematives ane expressed by points (., ),
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and a person is supposed to hold a particular #
uniformly in this space. When a person is given
several alternatives, he/she is supposed 1o choose the
aliernative that gives the highest m; (coordinate
value on axis M), Axis Misgivenby vy =tan#f - x
in A=Y space and my s given by the following
cquation.

m;= x;cos8 + y,s5in@ (1)

my 15 the weighted sum of two people’s payolls x;
and y;, and cos@ and sin@ are the weights
given o them.  When the m; values of two alter-
natives are the same, a person s indifferent 1o them.
Which altermative gives the highest m; vanes de-
pending on social onentation & That is, the social
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onentation of a person determines what he'she
should pursue when he'she has 1o choose one from
among several altematives. Therefore, @ can be re-
ganded as a motivational component of hisher deci-
sion meking process, and my; can be interpreted as
the subjective values of the given alternatives.
Equation (1) gives a straight line in X~} space, and
m; of any point (x;, ;) on this line takes the same
value. Therefore, this line, which is perpendicular to
axis M, can be regarded as an indifference curve.
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one's own payell X

Fig.1 The geometrical expression of social orientation
and indifference curves for 2-person relations.

Formally, social orientation & can take any nu-
merical value. Every person is supposed to own
hisher unique orientation & Different values of &
give different weights to the payoffs to oneself and
the other, and they lead people 1 make different
decistons. Therefore, the geometrical model of so-
cial ortentation can deal with individual differences
in people’s choice attitudes, Several social onenta-
tions & are usually called by the specific names
shown in Table.1. Each name represents a characte-
nstic choice attitude, which comesponds 10 a con-
cem for the other's payoft compared with one’s
aw,

The geometrical model of social orentation has
been applied universally o research on decision
makimg in ierdependent situations. How the dea-
sion making of a person for the given 2x2 payoff
matrices can be predicted and explained based on
the geometrical model has been explicitly shown
(Doi, 1984; 1990; 1994). However, it has become
clear that the geometrical model has its limitations in
explammg the decision making ol a person in some
social settings. The experimental research on uli-
matum games (Glith, Schmittberger, & Schwaree,
1982) or dictator games (Forsvthe et al., 1994), for

Table.1 Interrelationship among social orientations 6, evaluation formulas, and their interpretations

social oricntation

cvaluation formula for the given alternatives

interpretation
g m; maximizing
o ¥ ather's payalf altruistic
|
45° = (55 + ¥} ame's owm and the other's payolf conperative
vl
(1 X ame's pwn payoll individualistic
) 1 dilference ol ome's owm payofT
-45 A= Broen the: ather’s competitive
00 =y {minimizing} others payo (T agrressive
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example, clearly aiculated that people have a
sirong preference for equal sharing of the given
payoll.

Ultimatum games are decision situations whene
wo persons are given a ceriain amount of payoll,
but they have to divide it between them. One person,
called the allocator, has to propose how to divide the
given pavoll between them. Then, the other person,
called the recipient. has to decide if he'she accepts
the proposed allocation or not. If the recipient ac-
cepts it both hefshe and the allocator can receive a
portion of the given payofl according to the pro-
posed allocation. 11 the recipient refuses 1o accept it,
neither can get any pavoll. The experimental studies
on ultimatum games have repeatedly shown that
people did not follows the rational decision principle
in the economics sense, that is. the maximization of
one's own payoll. The modal proposition was
usually a 50-50 division of the given payvoft (Giith,
Schmittherger, & Schwarze, 1982: Giih, 1995
Carmer and Thaler, 1995; Carmer. 2003). Such ex-
penimental results are interpreted as indicating that
people tend to avoid an unfair division of interests,
or to prefer eguedity of received interest.

2. Equality seeking and the hybrid model of
social orientation

The geometrical model of social orientation can-
not explan the equality seeking tendency of people
in ultimatum games. However, decision making
based on equality seeking itself can be geometrically
expressed in X-1 space. I a person wants to achieve
equal sharing of the given interest, he/she should
choose the aliemative (x;, ¥;)  that minmmize o, (the
absolute difference between the interests to 2 per-
sons) given i the following equation.

di . |I' = :"Jl EJ
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MNaturally, dis given by (x; = %) when x; = v,
and by (y; — x;) when x; < y;,. When x; = y,,
d; = 0. That is, a person evahmtes the given alter-
natives of choice (x, y) differently. depending on
where they are situated in A-) space. Substiuting
ﬂ:fn: 135° mﬂ:'T‘rr:--ls“ into equ-

ation (1), minmmiztion of o can be achicved by
maximization of m,. that is,

when x; > yy. myis given by
3 R
my; = X; COSTT <+ ¥; 5in e

_ f=xty) -y
==F -7 (3

and when x; < y;. my is given by

-1 -1
my = Xx; l.:miTrr+]rfsinTn

Then, it can be said that a person based on equality
secking activates two different social orientations,

‘ 3
that is, #=-m=135" when x>y and

6 = f;l:r = —45°, when x; < y;. The decision

attiade described by (3) and (4) was named the
geometrical model of equality seeking (Doi, 2009,
20100

The hyvbrid model of social orientation

Both social onentation and equality secking are
considered to play an influential role as a motiva-
tional component in the decision making process ol
a person in a variety of soctal situations. Under the
assumption that a person’s decision making is al-
fected by both hisher social ofemtation and equality
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secking simultancously, Doi (2007) proposed the
hybrid model of social orientation. This model was
obtained by a lincar combination of the geométrical
model of social onentation and equality seeking.
According 1o this model. subjective values m, of the
altermatives of choice (x. ¥) are described by the
following two equations.

When x; = y;.mis given by
my = alx;cosly + ysinfy) +

(1- ﬂ}(x! EﬂS%TI + ¥; 5'1[:%71') (5,

and when x; < y;. m, is given by
my = alx;cosly + v sinfy) +

-1 =1
(1=a) (.r,— cos =1 4+ ¥; sin Trr) (6.

The first terms of the right side in (5) and (6) are
identical and they express the decision making
component based on the social onentation & of a
person (& is used instead of & to distinguish the
hybrid model from the geometrical model). The
second terms are different in (5) and (6) and they
express the decision making component based on
equality seeking.

Parumeter a in (5) and (6) takes numencal values
between O and 1. It expresses how strongly or
weakly each component affects the decision making
process of a person. When @ = 1. equations (5) and
(6) are identical to equation (1), that is, the geome-
trical model of social ofentation. When a = 0, (5)
and (6) are identical to equations (3) and (4), respec-
tively, that is, equality seeking. Therefore, a person
makes a decision based only on hisher social onien-
tation 4y when a = 1. and only on equality secking
when @ = 0, When 0 < g < 1, a person is supposed 1o
muake a decision based partly on social onentation
and partly on equality secking, simultancously, The
closer the value of @ 10 1, the more the decision

making of a person is affected by social onentation
;. On the other hands, the closer the value of
gets 10 0, the more the decision making is affected
by equality seeking. Therefore, the hybrid model is
considerad 1o be genuine integration of the geome-
trical models of social orentation and equality seek-
ing. Equations (5) and (6) can be transformed into
the following equations.

m; = X (ﬂ - 085 By — []‘I_,;]:I +

yi(a-singy +2) @

. ) [1=ir)
my —:-:.(a cosfy + = ]+

1)

¥ {ﬂ -sinfly — ?} (%)

These two equations express two different straight
lines, in A-F space. When a, in (7) and (8) take the
sarme value, two lines connect necessanly on the line
given by y = x, resulting in a polygonal line, as
shown in Fig2. Since my is a subjective value, this
polvgonal ling can be regarded as an indifference
curve. The shape and the position of the indifference
curve are determined by 4, and a. However. the
angle poinis always situate on the line y = x. This
indifference curve determines which aliernative a
person should choose from among the given alter-
natives. This indifference curve divides a whole
space into two areas, upper right and lower left in
A-¥ space. Any point in the upper right area always
gives higher i, than amy point in the lower lefi area.
Then a person should choose ( x5, ¥3) from the
three alternatives shown in Fig.2.

As discussed eardier, the indifference curve given
by (1) is perpendicular o axis M that is given by
social orientation ¢ Then. there should be social
orientations that give the two indifference curves (7)
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Fig.2 Indifference curves of the hybrid model for
2-person relations.

and (B), in A=} space, Assigning & and & 10 such
social orentations and £, and m, 10 the subjective val-
wes of the altermatives based on & and & two
equalities (7) and (8) can be transcribed as follows.

[ = x;co5 8 + y;5in@, (]
n; = x; cos 8y + y;sinfy (1)

Mathematical analysis by Doi (2009, 2010) re-
vealed that £ and £, can be interpreted as different
modifications of the same 4, That 15 a person
owns a basic social orientation 6 that is active at all
times for any altematives of choice, in X-Y space.
However, this £, is modified by a equality secking
component,  differently  depending on whether
X 2y or x; =y Social onentations & and &
are resultant onentations from this modification,
Therefore, social onentations & and 4, are not ac-
tive simultaneously. Which one 15 active depends on
where the given altemative siheates in A=} space. It
can be said thar &y is rather stable, but & and &,
are temporal. It seems likely that 6, expresses a trait
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of social orientation, and £ and &, express a state of
social orientation. In other words, the hybnd model
of social onentation can be interpreted 1o be a model
of a person who activates two different social orien-
tations, depending on whether x;, 2 v, or x;, < y,.

3 The application of the hybrid model to ulti-
matum games

Daoi (2009, 2010) showed how the decision mak-
ing of two persons in ultimatum pames can be ex-
plained by applving the above mdifference curve
analysis, Ultimatum games, where 100 units are
provided to 2 persons, can be expressed geometn-
callv as shown in Fig.3. All the possible allocations
situate necessarily on line A-B. What the allocator
has 10 do 15 o choose one pomt from the line A-B.
In response, the recipient has to decide if he/she ac-
cepts or nejects the proposed allocation. 1T he/she
rejects it, neither person will get any umits, which
cormesponds 1o the origin in Y-} space.

¥
Allocabos
100
4}
u ] il Th L
/ Recplent X

Fig.3 Geometrical expression of 2-person ultimatum
games where two persons have to divide the
given 100 units.

Decision making of the recipient can be expli-
citly described by hisher indifference curve that
passes through the ongin in the geometnical expres-
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sion of the ultimatum game, as shown in Fig4. It
divides the whole A~} space into 2 areas. acceptable
and rejectable. The acceplable area s grayed in
Fig4. Any point in the acceptable arca gives a high-
er value of m; than the origin. That is, the recipient
should accept the allocation if it situats in that anca,
Therefore, the indifference curve passing through
the ongin can be reganded s the definite entenion o
Judge if the recipient should accept the proposed
allocation or not. This indifference curve is called
FIC fundamental indifference curve (Doi, 2010).

allocator and 100 units 1o the recipients). The reci-
pient does not feel happy, even if he/she gets all the
given payoll, Furthermore, point E (50units 1o two
persons equally) gives the highest my; in the accepta-
ble segment, in either Fig.d or Fig.5. That is, the re-
cipient should feel the highest satisfaction, when the
allocator chooses point E as hisher allocation pro-
posal, Since, the shape of FIC 15 determined by the
two varables & and o, we can predict unamibs-
guously the decision making of a recipient in the
ultimatum gamies, 17 those two variables are known,
¥
Allocatar

| B3

.....
FFFFFFFFFFFFF
=

0] g, B ; "

/ ﬁ;';:“"--.____ Recipient X

Fig.4 FIC and 2 indifference curves of the recipient,
in 2-person ultimatum games (Examplel)

Line segment A-B in Figd is divided into two
line segments by FIC. Line segment B-C 15 an ae-
ceptable segment and A-C' is a rejectable. Then, the
recipient should accept any allocation from the ac-
ceplable segment B-C, and reject any from the ne-
jectable segment A-C. However, the shape of FIC in
Figd 15 just one example. There are numerous
shapes of FIC. Fig.5 is another example of FIC.
Line segment A-B 15 divided into three line seg-
ments in Fig.5, The middle segment C-1 is accepla-
ble and two outside segments A-C and B-D are re-
jectable. The recipient is supposed o refuse the al-
location comesponding to point B (no unit to the

A

Fig.5 FIC and 2 indifference curves of the recipient,
in 2-person ultimatum games (Example2)

Decision making of the allocator is more com-
plicated. but it can be described by hisher FIC, Any
point on the rejectable segment gives lower my than
the origin in the X-Y space. That is. there is no use
proposing an allocation from the rejectable segment.
Then, the allocator is supposed to choose a point
that gives the highest m; from the acceplable line
segment. However, it is crucial that the chosen point
belongs to the acceptable line segment of the rea-
pient. I not, the chosen point will be rejected by the
recipient. As shown above, the FIC of the recipient
is determined by his’her £, and . That is, the allo-
cator has to guess the FIC of the recipient, that is,
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his'her & and a. Therefore. the allocator has to find
the point that gives the highest m,. from among the
acceplable line of the recipient. The point giving the
highest m; has to be either one among three points,
that is, point E or both ends of the accepiable line
segment of the recipient. Fig.6 and Fig.7 show two
examples of the decision making of the allocator.
The highest myis given by point E (x, = w) in Figb
and point C (x; = v) in Fig.7.

¥
Recipierd G ‘.:E.
i i j *
.
- A
/ “'""’l:rc Alocator X

Fig.6  Allocator’s FIC, 2 indifference curves, and the
perceived FIC of the recipient, in 2-person
ultimatum games (Example 1)
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Fig.7 Allocator’s FIC, 2 indifference curves, and the
perceived FIC of the recipient, in 2-person
ultimatum games (Example 2)
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4. Expansion of the hybrid model to N-person
relations.

The hybnd model of social onentation for two
persons was created combining the classical geome-
trical model of social orentation and equality seek-
ing. Then, first, we will show N-person versions of
the geometrical model of social orientation and
equality seckimg, then we will combine them, ina
manner similar to the hybrid model for two persons.
An Neperson extension of the geometrical model of
social oriemation has alresdy been presented by
Doi (1990). We will consider this model in detail.

The social onentation of a person and hisher de-
cision making in an N-person situation are ex-
pressed geometrically in the N-dimensional space
where axes X ¥y, Yy -+ Yoo represent the pavolT o
onesell’ and n— 1 others. Altermatives of choice
are expressed by points (. Yie Voiee, Yae oo Vuetd)
in this space. The social orientation of a person is
expressed by axis M, and he'she is supposed to
choose the alternative which gives the highest or-
thogonal projection ay, o axis W, in this space. The
social orientation & of a person corresponds 1o the
angle between two axes M and X The orthogonal
projection my; can be regarded a5 descnbing the
weighted sum of the payofls to self and n—1
others. Furthermore, theoretical analvses in this pa-
per will be conducted only on the persons who
perceive n— 1 others indifferently, that s, the
weights given to the payofls to n = 1 others are
the same. This restriction is introduced in order o
make follow-on discussions simphe and chear,

When a person is indiscriminant to n — 1 others,
the orthogonal projection m, & given by the next
equeation.

_ i =1 Il.l'l-ﬂ
my = x; cosf + L) Y=

=3 : Ti=q ¥
= X :_asﬂ+—"—‘-—m sind (11}
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That is, equation (11} indicates that cos®? is a weight
given o a person’s own payofl and % is a
weight given o n— 1 other persons” payolls, In-
troducing z; given by the next equation,

z; = He=L¥hd e b (12),

equation (11) can be wmnsformed into the following
equation,

my; = x; cosf + z; sinf (13)

That is, the social orientation of a person and his'her
decision making can be described geometrically, in
the 2-dimensional A~ space. The social orientation
of a person is expressed as the direction of axis M
in X-Z space. Axis M is given by the next equation,

z=tanf - x (14)

Two-dimensional X-7 speace cxists nside of the
M-dimensional space, and axis & s given by the
composition of unit vectors parallel 10 n — 1 axes
Yi. That is. z, can be interpreted to be representative
of m—1 person’s payofls for the given allemative,
When n = 2, equation (11) becomes wentical 1o
equation (1), Then, equation (11) can be reganded as
an expansion of the geometrical model of social
onentation given by equation (1),

& can take any numencal values m X2 space.
When @ = 07, equation (13) gives m; = x;. That
is, maximizing my, is identical to maximizing x. A
person 5 supposed o make a decision, without
paying any attention to how hisher decision will
affect other person’s pavoffs. Then, this orientation
8 =0° cain be reganded as mdividualistic social

orentation. On the other hind, when @ == =

2
z
907, equation (13) gives m; = 2. That is, max-
imizing z; is equivilent to maximizing vz, Therefore,
a person is supposed 1o make a decision to nmexim-
ize the payofls 1o n— 1 others, neglecting hisher

own pavoff. Then, this orientation & =%rr=

907 can be interpreted as alfrilstie social orientation.

There are two more orientations worth noting.
When 8 = tan~!vin = 1, equation (11) becomes
as follows:

my = ,'Tl;{fa +Xic] .'I-"t.r} (15).

A person is supposed to maximize the sum of the
pavoll to everybody including himhersell. That is,
orientation & = tan™"+'n — 1 can be interpreted
as coaperative social orientation. Furthermore, when

6 = tan-'%mﬁm{mmuhﬂ

A person is supposed to maximize the difference
between the pavofls o hinvherself and the other

: PR, — tan=1.=}
persons, Therefore, onentation & = tan = an

be regarded as competitive social orientation.
Obviously. the values of @ =tan™'vn—1

and |’J"'=|:an"1'1.|,1.:—;I vary according to n In gen-

eral, the direction of axis M, that comesponds to a
particular ratio of the weights given to the payoff o
onesell and n — 1 others, varies depending on the
number of people involved in the social settings.
Table.2 shows how values of #5 that cormespond 1o
v social onentations change according o n. The

_18_



increase of o does not affect & of altruistic and -
vidlisiic orientations. Alruistic orfentatfon is al-
wavs given by @ = 90°, and individualistic onen-
tation, by & = 0°. However. the more » increases,
the closer ol cooperative orfentation approaches 1o
90°, that s, aliruistic orientation, and competitive
orentation o 0°, fmdfvichalisiic oriemiorion. There-
fore, the difference between altnustic and coopera-
tive orientations and the difference between indivi-
dualistic and competitive onentations are likely 10
disappear when n is extremely large. However, in-
terestingly enough, cooperative and competiiive
onentations are at nght angles w each other, regand-
bess of n.

Five social onemations are distinctively different
geometnically when n = 2, However, in research on
social onemation, altruistic and cooperative orienta-
tionss have quite ofien been classified o pro-social
ovienfarion, and  individualistic and competitive
onentations to proself orfentatfon. The above analy-
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515 5eems 1o support theonetically the validity of such
a classification.

Equality seeking in N-person relations

As we have seen, it was made clear how the
eeometncal model of social onentation can be ¢x-
panded to N-person relations. [t is now necessary o
consider how equality secking can be expressed
geometrically in A~ space. The essence of equality
seeking would be defined as equal sharng of the
given pavofls among » persons, in the same way as
happens in equality seeking between 2 persons. We
suppose that a person making  decisions based on
equality seeking in N-person relations. tries to mi-
nimize the absolute difference between hisher own
pavoll and n = 1 other’s average pavofl, that is

=1
kmp Fled
A= n-1

. This minimization can be achieved

Wm=1

by two specific social orientations @ = tanf ™!

Table.2 Interrelationship among 8 of a person, attributes of social orientation, and the number of persons,
in N-person relations. This table is effective for the allocator in case of N-person ultimatum games.

interpretation of & altruisic

cooperative individualistic competitive

agEressive

evahation formuls

O
for the piven alematives ¥i 5[" K ,1; F"]I ot ] Fi

n n—1 W tan™* n = 1 [y tan~* ..-.: I. A0

2 1 G 450" w 450 meiTi

3 2 o0 T 0" 3537 500"
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that corresponds 1o two sets of (cos# and sind ), that

. _ =yn=1
15, (cos @ = =

: 5in9=%}and (cos@ =

Wm=1
= . sin@ “-u.-'__ ). Substituting these sets inlo

equation ( 11), we obtain the followings.

=1

m'=-|:1l;l( I +_=|:__)

L}
=—%If 4 \%ﬁﬂi “‘”
my = ¥n-1 ) Eﬂﬂ :"k.l)
' S
= Ta X u,ﬁzi '[13}

Equation (17) is effective when x‘eﬁ: and

{IE}ELI'ﬁ:r:mcwlmx*-i‘l.—T" Thase altema-

tives that give #ero difference situate on the axis
givenby z = yn =1+ x.in.\-Z space. Whenn=2
equations ( 17) and (18) become to equations (3) and
(4), respectively, Therefore, a set made up of equa-
tion (17) and equation (18) can be regarded as the
geometrical model of equality secking for N-person
relations.

Expansion of the hybrid model to N-person rela-
fions

It was made clear that social onentation and
equality seeking in N-person relations can be geo-
mietrically expressed in 2-dimensional space, in the
same manner as 2-person relations. Then, the ex-
pansion of the hybrid model to N-person relations
can be cammied out straightforwandly, as follows,

When x = :-;t"}-_—_i:' 18 given by

m; = alx; cosBy + z;5inby) +

{l-a}{ S=ntmn) (19,

And when x < %: i, is given by
e
m; = ﬂ'{.l'] costy + .E]SfHEH] +

{1 - ﬂ.] (?:ﬁ "%zf) (200,
These two equations can be transformed to

=1{1=
m; = 2 (a-cnsEH -$]+

[!I r:]

2 (a - sin By + 2220} 21y

m; = x; {ﬂ « 05 By +---—=-—*~'"_t_.|.511_"]] +

# (n »sinfy — R 1;;}] (22)

When n = 2, equations { 19) and (20) become (5) and
(6, and equations (21 ) and (22) become (7) and (8).
Therefore, a pair of equation (19) and (20), or (21)
and (22), can be definitely regarded as the expansion
of the hybrid model to N-person relations. The es-
sential part of the hybrid model, that a person is
supposed o make a decision based on social orien-
tation and equality secking simultancously, is kept
perfectly, and it can be expressed geometrically in
2-dimensional space, regardless of n.

5. The application of the hybrid model to
N-person ultimatum games

In 2-person ultimatum games, the mecipient can

decide by himvhersell if he'she accepls or nejects a

proposed allocation, withowt any restrictions, How-
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ever, N=person ullimatum games are in some degree
different in this point. There are n— 1 recipients.
The problem is how to make a decision to acoept or
reject the proposed allocation, and who makes the
decision. There could be a vanety of ways to make
this decision. For example, the decision might be
made by one person as a leader or a delegate of
n —1 recipients, or by rule of majonity, or by ano-
mymous agreement, and so on. In any case, if the
decision 1o accept the proposal is made, every neci-
pient gets hisher fair share, and if a decision o re-
ject is made, nobody gets any payoll, That is, the
sum or the average of n— 1 person’s payofls is
considered to play an important part in making a
decision to accept or reject a proposed allocation,
The analysis of N-person relations nmade it clear that

sf=1
Z; :L'T;I.Tlil'ﬁ can be mepresentative of n—1
person’s payvolls in N-dimensional space. I 15 inter-

esting that 7, = 2280 Jies just in between the
sum and the average of n — 1 person’s payolis.
N-person ultimatum games, from the allocator’s
perspective, can be expressed geometrically in 2
dimensional X-Z space, in the same manner as
2-person ultimatum games. An N-person ultimatum
game, where 100 units are given to be divided, is
expressed geometnically, as shown in Fig 8. All the
possible allocations are expressed by the points on
line segment A-B. The allocation comesponding 1o
point E means that all the people (allocator and
n—1 recipients) share equal amounts of payofl,

that is, 222
n

The decision analysis on 2-person ultimatum
games based on the hybnd model, can be
siraightforwardly applied o the allocator’s decision
miaking in MN-person ultimatum games, and it can be
shown geometrically in X-Z space, as shown in
Fig.B. The expression is quite similar o that of the
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allocator in 2-person ultimatum games. The way 1o
determine the allocation is hasically the same, ne-
gardless of the value of i The allocator is supposed
o determine hisher proposal based on his ovwn FIC
(A and @) and hisher perceived FIC of the reci-
pients, However the meaning of £, vanes acconding
1o i, as shown in Table2,

£
41
g
i
H

F.4
Recapicnis f

|

.
ol
et

/| e e

ety
Fig.8 Allocator’s FIC, 2 indifference curves, and the
perceived FIC of the recipients, in N-person
ultimatum games (from allocator’s perspective)

With respect to the decision making of recipients,
there is a problem of how and who makes the deci-
sion 10 accept or reject the proposed allocation, as
discussed above. No matter how the decision is
made, a single decision to accept or reject the pro-
posed allocation has to be made, considering the
allocated payoll o 1 — 1 persons. The pavoll 1o
n=1 persons is treated by a single parameter
%, in the analysis of N-person relations in this
paper. Therefore, it is possible to suppose that
n—1 recipients make a decision considenng

n—1
E%'?-‘-. as if they were a single person. The social
orientation & of this postulated agent is expressed
geometrically in Z-1 space where Z stands for the
agent and 1 for the allocator. The subjective value of
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the given allocation is descnbed by the following
equation.

= EJI; cosd + y; sinf

- :;% Iklrw%] + ¥i sing E:‘H

Replacing =Lkl E*" 25 by 2, FIC of the postulated

agent can be given in the next equations.

_{l.,.'?:l) +

m; = (n 0% By

me=1{]=
yi (- singy + Z222) 24)

my = & (ﬁ rcosfy + fi;',l) +

¥i (ﬂ » sinfly — %} (25)

Equations (24) and (25) ame effective when
i 2 ==z and y; < =2 respectively. N-
person ultimatum games from the recipients” pers-
pective and the recipients’ FIC are expressed peo-
metrically in Z-Y space, as shown in Fig.9. The de-
cision making of the recipients can be predicted in
the sume manmer as in 2-person ultimadum games.
All the possible allocations of 100 units situate on
line segment A-B, and the middle line segment C-13
is included in the acceptable arca. Then, recipients
would accept the proposed allocation only when it
comes from hine segment C-1D.

The space in Fig.9 is obtained by replacing the
horzontal and vertical axes ol the spoace in Fig.8.
There is an interesting difference between the social
orientations of the allocator and the postulated actor
{recipients), The allocator s cooperative and com-
petitive orentations get closer o altruistic and indi-

Allocaior

1104}

i

-

Fig.9 FIC of the recipients in N-person ultimatum
games (from recipients f perspective)

vidualistic orientation respectively, according 1o the
increase of n (number of persons). Conversely. the
postulated actor's cooperative and competitive
orentation gets close 1o individualistic and aggres-
sive onentation. It seems that the meaning of & is
fairly different. depending on whether a person is
facing many other persons or heshe is facing
another person as a leader of a lange group, accond-
ing to the increase of i Cooperative onientation be-
comes much the same as altnistic onentation in the
former situation, but individualistic in the latter,
when n is quite large. Competitive onentation be-
comes much the same as individualistic onentation
in the former situation but aggressive in the latter.
The interpretation of @ for the recipients in N-person
ultimatum games is shown in Table.3. It seems very
likely that the motivational component of the deci-
sion making process is affected by the number of
persons involved in social settings,

6. Implications for the research

In this paper, it was argued that the decision
making of the allocator and the recipient in ultima-
tum games can be explained and predicted based on
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Table.3 Interrelationship among 6 of a group of n-1 recipients, attributes of social orientation, and
the number of persons, in N-person ultimatum games. This table is effective for a group

of n-1 recipients.

interprefation of & altruiste

cooperative individualistic competitive

aparessive

¢vabiici i Marmilka
for the ghven allematives
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the hybrid model of social orientation. [t seems that
the hybrid model can explain major research find-
ings in ultimatum games quite well. It has been fre-
quently observed that quite a few persons prefer
equal division of the provided payoff. Most of the
proposed allocations stuck around 50-30 division,
The hybnd model can explain those research find-
ings in ultimatum games considerably well, sup-
posing that each person has hisher own decision
eritenion FIC (or £, and a). In addition, the analyses
of ultimatum games by the hybnd model revealed
the importance of the allocator's perception of the
FIC of the recipient. Decision making by the allo-
cator is determined by the interaction between
hisher own FIC and the perceived FIC of the reci-
pients. That is, if the allocator cannot perceive the
recipient’s choice attitude in an appropriate manner,
he/she will not properly deal with the decision prob-
lems. Then, research on the perception of the other
person’s decision attitude would be quite important

to understand the decision making process of a per-
S04,
The ultimatum games are unigue decision making
situations, It provides us a useful rescarch frame-
work to stady various psychological aspecis of
people’s decision making in social settings. Recent-
lv, several researchers began to pay atiention to ul-
timatum games where more than two persons ane
mvelved, that 15, N-person ultimatum games (Giith
& van Damme, 1998; Knets & Camerer, 1995). So-
cial settings, where more than two parties inferact
with each other, are ubiguitows. There seem 1o exist
maore interesting phenomenon in N-person situations,
which do not appear in 2-person situations. For ex-
ample, a vanety of problems caused by the negotia-
tion hetween leader and followers can be seen inany
organization or work group. A person has to make a
decision against a group of many people i some
situations, and he/she has 1w make a decision against
a single person, as a delegate of a group of people in
other situations, N-person ulimatum games would
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provide a useful rescarch frame work for a vanety of
such social settings.

The analyses conducted based on the hvbnd
mdel in this paper. showed clearly that the decision
making of the allocator and recipients in N-person
ultimatum games can be explicitly explained and
predicted in the same manner as 2-person ultimatum
games, Two major components of the hybnd model,
social orientation and equality seeking, can reveal
how people evaluate the given alleratives to make
a decision. In addition, our analysis in this paper also
miade clear that the perception or cognition of other
people’s motrvational state also plays an important
role in decision making. in some social settings. The
hybrid model together with ultimatum games are
expected to provide a new nesearch perspective and
an effective research tool for a variety of problems
in our society, and to contribute 1o the research on
personal decision making in various social settings,
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Appendix

Equation (11), which describes the subjective
values of choice altermatives in N-person relations,
can be obtained as follows,

First, let us consider 3-person relations where
n = 3. Choice alternalives ane expressed by points
[.r,-. ¥ide }'z,r} in three dimensional X-1-}> space.
x; represents the payoff to self, and yy; and ¥y,
the pavolls to two other persons. A person is sup-
posed to choose the choice altemative (x;,
¥iie ¥zi) that gives the highest coordinate value i,
on axis A{ in this space, in the same way as 2-person
relations. The coordinate value m; is considered 10
reflect the weighted sum of the payolls to sell and
two other persons. When a person gives the same
weight 1o the pavolls o two other persons, axis W is
supposed to be included in the 2 dimensional space
formed by axes X and ¥y, that locates midway be-
tween two axes 1 and Vs The coordinate values of
cholce altematives (x;, ¥y ¥2u) on axis Yy ane

given by =——== ""“”’“ . and axes X and ¥y are mutually

orthogonal. Intmduu::mg & 1w express the angle be-
tween two axes X and M, the coondinate values m, of
chowe altermatives (x;, ¥4 ¥op) on axis M ane

+ H
expressed by x; cos 8 + h—i.i“ﬂsinﬂ, n a man-

ner similar to 2-person relations. That is,

.-zfn o sind
+ Yai -

Obviously, it describes the ‘.'n'ﬂlgl'llﬂi sum of the
payofls to 3 persons. Then. the angle & between two
axes X and M in A=Yy space can be reganded as re-
flecting the social orentation of a person in 3-person
relations.

my; = x; cos @ +yu—m

4-person relations (n = 4) can be desenbed in
the same way as 3-person relations shown above,

DHAEAZEALE No7 2011

Choice  altermatives ane expressed by points
(X Y140 Y240 Y2i) in 4 dimensional X-Yr-Y>13
space. A person 15 supposed o choose the choice
aliemative (X, ¥y Yoo ¥ay) that gives the
highest coordinate value m, on axis M in this space.
When a person gives the same weight to the pavoffs
to three other persons, axis M is supposed to be in-
cluded in the 2-dimensional space formed by axes X
and Yy, that locates in the center of three axes 1, 15
and Y. The coondinate values of choice aliematives
(%ie Yrie Y2ir ¥a4) on axis Py are given by

"'—’-'"":,‘3"'"" A and axes X and ¥yoare munelly or-

thogonal. Introducing @ 1o represent the angle be-
tween two axes X and M, the coordinate values m, of
choice altematives (x;, ¥y ¥zq ¥ay) onaxis M

are expressed by x; cos @ + P gin g,

sin@ sinid

+ Yo = + Vi e

Then. the angle & between two axes X and M in
A=Yy, space can be regarded as reflecting the social
orientation of a person in 4=person relations.

Based om the above reasoning for 3- and
4-person relations, the social orentation of a person
in M-person relations can be described in 2 dimen-
sional space formed by axes X and ¥, when he'she
gives the same weight to the payoffs to n = 1 oth-
er persons. Axis ¥y situates in the center of n — 1
axes ¥y, ¥, Yo, -+, and ¥y in the space, and axes
Xand ¥y are mutually orthogonal. The coondinate
values of choice aliematives (X, Y14 Y210 =
Mp¥ig b e

Va—-1
Introducing o express the angle between two axes
X and M, the coordinate values m; of choice alterna-

Yn-1,4) Onaxis Yy are given by #¥n-ud
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tives (X, Yuio Yoo * Yn=pi)on axis M are

described by x; cos 6 + ””*’*L’%*”"'”sm a,

in @ manner similar to 2-person relations, that is.
stn sin @

mi=x; 050 + Yy ==t Vu =

fim i
ot Wi G

=x; cos @ + EL‘;: Y ::IL,—i.
It clearly expresses the weighted sum of the payofls
to 1 persons, and the weights given to n — 1 other
persons’ pavolls are the same. Then, the angle
& between two axes X and M in 2 dimensional A=Yy,
space can be genuinely regarded as reflecting the
social onentation of a person in N-person relations.
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