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Mos: gmne-theoretic models of strategic interaction, indeed most economic models of any sort,
speciy potential outcomes entirely in terms of the preferences of the agents, as captured in their
{possibly cardinal) utility functions. The underlying assumrtion is that e outcome of such
interactions is determined entirely by these preferences, together with the strategic possibilities
avaiiable to the agents. The purpose of this paper is to challenge the ade uacy of this
sssumption in general, by investigating it in the specific cc atext of *wo-pecson bargzizing. In
paricular, we consider whether certain experimental results reported sarlicr can be zccounted
for strictly in terms of players’ preferences and strategic possibilitics, and we report a rew
exnerimental study designed to answer this question. The results strongly support the conclusion
that sociolcgical factors, unrelated to whaet we ncrmally consider 1 be the ‘economic’
parameters f a2 game, can decisively influence the ontcome of bargaining, in a systematic
fanner.

1. Introduction

Most game-theoretic models of strategic interaciion, and indeed, raost
economic .nodels of any sort, specify potential outcoaits entirely i ter.is of
the preferences of the agents, as captured in their (possibly cardiral) utility
functions. The underlying assumption is that the outcome of such
interactions is determined entirely by these preferences, together with the
strategic possibilities available to the agents. The purpose of this paper will
be to challenge the adequacy of this assumption ir general, by investigating
it in the specific context of two-person bargainirg. In particular, we wil
consider whether the experimental results reported in Roth and Malouf
(1979) can be accouated foi strictly in terms of players’ preferences and
strategic possibilities, and we will report a new experimental study designed
to answer this question.

In single-person decision problems an individual’s choice is compleiely
modelled oy his utility function, the feasible action., and their consequences.
In economic models of perfect competition ageris are assumed to act as
crice-takers. Once prices have been determined by the market, the problem
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016%-2681,/81/0000-0000/$02.50 © North-Hcliland



i. Roth et al.. Sacmlog mI v stra:egu Iat'tors in bargaining

In whatffﬁdom, we wﬂl demonstrm‘e that, at least for the case of two-
k. ,j;gamlmg, inodels de.ﬁned exclusively in terms - qf this sort of

“such’ modcts may be

the: éxpenmt of Roth and
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to determine whether the phenowmena originally reported by Roth and
Malouf (1979) are in fact caused by strategic considerations, ad can
therefore be modelied by structural information about the game together

« . = 5 y . 3 M '
with information about the players’ preference<. It is perhaps appropriate to

mention at thic point that, before conducting this experiment, wz expect :d
that the data would be consistent with & purely strategic theory of
bargaining. However, the results clearly indicate that non-strategic,
‘sociological’ factors »>lay a decisive role* This conclusion and its
implications are discussed in saction 6.

2. Cooperative models of bargaining

Cooperative games are customarily modelled by specifying the set of
feasible utility payofls attainable by each noi.-empty subset of players for its
members. Following Nash (1950), the iwo-player bargaining games
consiciered here are modelled by a pair (S,d), where d is » point in the plane,
and § is a compact convex subset of the plane which contains 4 and at least
one point x such that a>d. The interpretation is that § is the set of feasible
expected utility payoffs to the players, any one of which can be achieved if it
is agreed to by both players. If no such agreemem is reached, then the
disagreement point d is the resuit.

Nash proposed that bargaining between rational players be mod:lled by
means of a function cezlled a solution, which selects a feasible outcome for
every bargaining game That is, if we denote the class of all two-player
bargaining games by B, a solution is a function f: B—R? such that f(S,d) is
an element of S. Thus a solution is a model of bargaining which d>pends
only on the information about the underlying game which is contained in the
model (S, d).

In order to insure that such a theory of bargaining would depend oniy on
the information about preferences contained in a player’s utility function,
Nash further proposed that a solution should possess the feilowing property:

Property 1. Independence of equivalent utility representations: if (S,d) anc
(8,d) are bargaining games such that

u§={(01xl +bl’ a2x2+b2)| (x,,xz)e S},

This conclision may be (at least loosely) comparable to the discovery by cognitive
paychologists nd researchers in actificial intelligence of. Brausford and McCarrell (1975) or
stinsky (1978 that context plays & crusial role in understanding natural language, and that the
meaning of & sentence depends un more than its linguistic structure. (For example, the sentence
‘Floase press this suit® obviously hes a different meaning when you are speaking to a tailor than
when you ar: speaking to a lawyer ) Similarly, we will demonstrate here that the outcome of a
game depends on more than its ecoromic structure,
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snd
d=(a,d, +by, ad, +b,),

where a,, a,, b, and b, are numbers such that a, and a,>0, then

#i8,d)=(u, £i(8,d)+ by, a; £5(5,d) +b;).

In order 1o understand the significance .of this property, we need to
consider the set of underiying alternatives over which the bargaining is
conducted. Suppose that two individuals are bargaining over sorse set of
alternatives .4, containing some pre-specifi-d disagreement outcome® a*.
Then if these individuals have utility fanctions u, ard u, over the iet A4, the
resulting bargaining gare (S, d) is givea by

S={{u.(a)u,(6))|acd}),  d=(u;(a*)u(a%)). (1

Recall that an individual s utility function u; is a real-valued function
defined on the set of alternatives A. It is a model of his choice behavior, in
the sense that u;(a)>uy(b) for two alternatives a and b i and only if he
prefers a to b; i, if and only if he would choose alternative @ when faced
with the choice between a and b. Von Neumann and Morgenstern (1944)
demonstrated conditions on an individual's preferences which are sufficicnt
so that his choice behavior over risky alternatives is the same as if he were
maximizing the expected value of his utility function. Such a wiility function
is uniquely defined only up to an interval scale, which is to say that the
origin (zero point) and unit ¢f the utility function are arbitrary. Thus if u, is
an expected utility functior representing individual s preferences, then
another utility function v; represents the same preferences if and only if
vy=au;+ b, wiere a, is a positive number.

So Property 1 states that if a game (8,d) is derived from (5,d) by
transforming the utility functions of the players to equivalent representations
of their preferences, then the same transformations applied to the outcome of
the game (S, d) should yield the outcome selected in (S,d). That is, if ($,d) is
given by

§={(vy(a)v,a))|ae A},  d=(v,(a*),v,(a*)), (1)

where v, =au;+b; for i=1,2, and if 2 solution f yields f(S,d)= (u, (b), u (b)),
then Froperty 1 requires that (S ,d)=(v,(b),v,(b)), ic. that the payolf

*Tha is, the sules of the game are that any alternative a in the set 4 will be the outcome of
the game if both players agree on it, otherwise a* wiil be the outconw. Thus the rules of the
game give both pla) ers a veto over any outcomz-other than a*,
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predicted by the solution f should correspond to the same alternative b in
votlk gaumes. Thus Property 1 states that a solution should denend only on
thos: properties of the utility functions which represent the preferences of the

layare A t i thoi ackat faat £ ¢l ilster £ i
piayers, and not on {nd arotrary ieatures of tie utnity functions.

Nash (1950) also proposed three aduitional properties which, together with
Property 1, characterize a unique solution (which is often referrec. to as
Nash's solution). Other additional properties havz subsequently been used to
characterize other specific sclutions, and the subject has inspired a
considerable amount of research [see Roth (1979) for a survey]. However, we
will be concerned here with the general class of solutions which are defined
on the class B of bargaining games, and which possess Propertv 1.

A theory of bargaining embodied in such a solutior makes two -listinct
(but related) predictions. First, since the solution depends only on the utility
payoffs available to the players, it yields the same prediction for @ given
game (S,d) no matter how that game arises; e.g., whe her the game arises
from bargaining over a set of alternatives 4 by individuals with utility
functions u; and u,, or from bargaining over an entirely different set of
alternatives A’ by individuals with appropriate utility functions. That s, such
a solution predicts that b.rgaining situations which have the same
representation (S,d) in utility space will result in th: same utility payoffs to
the players. Second, if (8,d) is related to (S,d) as in the statemcnt of
Property 1, then the solvtion predicts that the utiiity payoffs resulting from
the two games will bx related as in Property 1, regardless of whether (5.d)
differs from (S,d) only by a purely formal transformation [as in egs. {1) and
(1], or whether the two games have substautive differences, as when they
arise from barg:ining over different scts of alternatives.

Thus, to the exient that appropriate games can be constructed,
experiments car be conducted to test the predictive value of solutions which
are defined on the class B, and which are independent of equivalent utility
representations. The next section briefly reviews such an exper.ment,
originzlly reporied in Roth and Malouf (1979).

3. The experim:nt of Roth and Malouf

Since the class of theories considered in the previous «ection are defined in
erms of the players’ utilities, experimental tests of such theories must be
constructe¢ in 4 way which permits the players’ utilities to be determined. A
novel feature of thz experiment reported in Roth and Malouf (1979) is that ‘t
employed games coasiructed in a way which permite th: utility of the players
for each outcome 10 be determined ¢ irectly. In order to exnlain how this was
accomplished, « will be heipiul to recall precisely what information is
contained in aa expected utility function.

Consider the case in which the set 4 of alternatives centains elements a
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and ¢ such that « is strictly prefurred to ¢ and for any alternative b in 4, the
player fikes a at least as weli as , and b at least as well as ¢. Then if u is a
utility -{unction «tepresenting . ibis individual's pref: rences over th. set of
#lternatives A, it must have the property that u(a;Zu(b)2u(c) Smee u is
defined only up to-an interval scale, we may arbitrarily choose its unit and
zero peint, and in particular we may take u(a}=1 21d u(c)==0. The problem
of determiring u(b) then becomes the problem of finding the appropriate
value between O and 1 so that all those lotteries « ver alternatives that the
indiviclual prefers to b have a higher expected utili.y, and all those lotteries
to which b is preferrod have a lower expected utility. If we denote by L(p)
=[pa;{1 —p)] the lottery that with probability p yields alternative a and
with probability (1— p) yields alternative «, then the utility of participating in
the lottery L{p) is its expected utility, pu(a)+ {1 —p(c)=p. If p is the
probability such that the individua! i; indifferent bitween b and L(p), then
their utilities must be equal, and so, u{b)=p. Thus when we say that the
utility of alternative b to a given individua! is known, we mean thet the
prciability p is known such that the individual is indifferent between having
alternative b for certain or having the risky alternative L{p).

3.1. Binary lottery games

Since knowing an individJal's expected utility for a given agreement is
equivalert to knowing what lottery he or she thinks is as desirable as that
agreement, then in a bargaining game in which the feasible agreements are
the appropriate kind of lotteries, knowiug the utilities of the players at a
given agreement it equivalent to simply knowing the lottery they have aireed
on. In exch gam: of this experiment, therefore, players bargained over the
probability thai they would receive a certain monetary prize, possibly a
different prize for each player.

Specifically, they bargained over hov' to distribute ‘lottery tickets' that
would determine the protability that z2ach player would win his or her
personal lottery (i.e., a player who received 40% of the lottery tickets would
have a 409, chance of winning his mcnetary prize and a 60°% chance of
winning nothing). In the event that no agreement was reached in the allotted
time, gach plaver received nothing. In other words, a player received his prize
only if an ajreement was reached on splitting the lottery ticke:s and if he
won the ensuing lottery. Otherwise he received nothing. We will reler to
games of this type, in which each player has only two possible monetary
payofls, as binary lotiery gunies.

To interpret the set of feasibls cutcomes of a binary lottery game in terms
of cach player’s utility function for money, recall that if we consider each
player’s utility function to be normalized so that the utility for receiving his
prize is 1, and the wutility for receiving mothing is 0. then the player’s utility
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for any lottery between these two alternatives is the probabilitv of winning
the lotrery.* Ttat 15, an agreement which gives 2 nliver p percent of the
lottery tickets gives him a utility of p.°

Note that a change in the prizes is therefore equivalent to a change in the
icale of the player’s utility functions. This makes it possible to use biaary
lotiery games t> experimentally investigate the circumstances under whict
the bargaining process can indeed bc described by a solution which i
indeperdent of equivalent utility representations.

3.2. Design of the experiment

Each player played four games, in random order, against different
opponents. Each player played all four games under one of two information
conditions: full information, or pariial informaticn. In tae full information
condition, each player was informed of the value of his own potential priz:
and of his opponent’s potential prize.® In the partial information conditior,
each player was informed only of the value of his own prize.’

Pleyers werc seated at isolated computer term'nals, and were allowed to
cor.awnicate freely by teleiype. but they were unaware of the identity cf
their opponents. (The only limitations on free communication were that
playrrs were prevented from identifying themselves, or from conveying
information about the monetary value of their prizes in the partisl

“Ncte that the assumption that a player’s preferences are sufficiently regular to be represente |
by ar expected utility function is equivalent, over this simple set of feusible outcomes. to the
assumption that the player prefers a higher probability of winning to a lower probability «f
winning.

*N te that we are conside-ing the feasible se' of viility payoffs to be defined in terms of the
utility functicn of each player for the lottery whicl he receives, independently of the bargaining
which has taken place to achieve: this lottery. ard even independently of the lottery “vhich hs
opporent receives. In doing so, we are taking dhe point of view that, while the progre.s of the
ncgotations may influence the utilitics of ihe bargainers for the agreement eventually reache,
the description of any effect which this has on the agreement reached belongs in the inodel «f
the ba-gaining process, ra‘her than in the model of the bargaining situation. (onsiderabie
confusion in the literature Las resulted from attempts to interpret barguining models in terms of
the players’ utilitios for outcomes after the bargaining has ended, since no bargaining model can
be falsified by experiment: ] evidence if, after an outcome has been chosen, the utilities of ttc
playcr:, can be interpretod as having changed in whatever way is necessary to be consistent wi b
the model. In order to h.v¢ predictive value, bargaining theories must be stated in terms of
parameters which can be measured independently of the pheiiomena which the theories . e
designed to predict. [A di cussion of the case when a player’s preferences cannot '~ irterprerc d
as being independent of his opponent’s lotiery is found in section 3 of Roth and Rothblu n
{1980).]

“Specifically. the prizes were common knowledge in this condition [cf. "2oth and Murnighsn
(19801).

"Tvote taat in both the full information and in the partial information conditions, the resultir g
games mect the usual assumption that the game is one of complete information: ie., both playe s
have sufficient information to determine one anether’s expected utility for every oitcome. Of
course in the full infermation condition, the players have additional information, since thuy
know one another’s monetary payoffs as well.

JEBO-- €
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nfommtm condit lm.) Thq bargmmng process congisted of the exchange of
mess:iges and of (1 americal) praposals, and terminated in an agreement when
a pmpusa. wiis awepted or in disagreem:nt if no proposal had been accepted
after 12 minuates '_
~In- game 1, _xm restncnon was placed: on-the percentage: of lottery tickets
ich each. player:-could :receive; and both playxs had the same prize of
$1.00. vae was: played. with the same prizes:as game-1, but-one of the
players /player 2) was restricted to receive no more than 60% of the lottery
tick=ts. Game 3 was played with the same rules as game 1, but with different
priz:: for the two players: $1.25 for player 1, and $3.75 for player 2. Game 4
was played under the same rules as ;_,ame 2, with the same prim as game 3
(see. t.uble l). .

T " Table 1
Prizes and feasible distributions for games 1-4.

Max- Max-

imum % imum %
- Prigefor  Priefor  allowed for allowed for
Game  player | player 2 player 1 player 2

i st s 100 100
2 $1 st 100 60
3 $1.25 $3.75 100 100
4 $1.25 $3.75 100 60

Note that game 1 is related to game¢ 3, and game 2 is related to game 4 by
a change in the prizes, and hence by a scale change as in Property 1. So if
the bargaining process obeys Property 1, we should obscrve the same
outzomes in these pairs of games. And if the bargaining process depends only
on the set of feasible utility payoffs, then we should observe the same
outcome for each game under both information condiiions, sinc: the set of
feasible iorteries {and- hence utilmcs) faced by each player is unaffected by the
information conditions. .

Denote:the difference between the probabnlmes Ps and P2 received by the
two’ pfayers by D=p,—p,. If {as anh’s solution, for instance, predicts) we
were.to observe the players divide. the loftery tickets equally in these games,
so that p, =p,=50%, then we would have- D=0 in these games. On the
other hand, if we were to observe: the players reach agreements which
equalized their expected monetary paycils, ther we weuld observe D=0 for
games | and 2, and D=50 for games 3 and 4 (corresponding to p, =75,
P, =251

5The detailed procednres by which thest conditions were implemented in practice will be
discussed in section 5. since thoy are esseutially the same as those used in the :xperiment
discussai 1here.
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In fact, the observed outcomes in the partial information condition we:e
extremely close i0 an equal division of the lottery tickets, while the observed
outcomes in the full information conditicn showed a pronounced shift in the
direction of equal expected monetary payoffs. (That is, in the full informat.cn
condifion, in the games in which the two players had different prizes, tle
rbserved agreem:nts tended to give a higher probability of winning to the
player with the smaller prize.) The means and standard deviations of the
observed values of D are summarized in table 2.

Table 2
Means and standard deviations for D=p, —p,.

Game

Statistic 1 2 3 4
Full iu"oymation (11 pairs)

M 0.00 191 34.60 21.64

§b 0.00 1217 19.28 22.48
Partial information (8 pairs)

M 0.00 - 132 -~2.50 2.50

SD 0.00 813 4.63 411

Statistical analysic confirms that, in the partial information condition D is
not significantly different between games 1 and 3, or between games 2 and 4.
while in the fuli information conditinn these diferences are significant. Also,
the outcomes for each of gamnes 3 and 4 are significantly different in the two
information conditions.®

The observed outcomes in the full information condition thus do not
conform to the predictions of Property 1, and their difference from the
outcomes observed in the partial infor nation condition cannot be accountea
for in terms of the set of feasible uiility payoffs. That is, the shift towards
equal expected monetary pa offs obse-ved in the full information condition
of this experiment and confirmed in .ubsequent experiments [cf. Roth and
Maloufl (198C), Malouf (1980), Roth and Murnighan (1980)] cannot be
integrated with the results of the paiuai nformation condition by a model
which depends only on the set of feasible utility payoffs. In the next section,
we will explore the possibility that the observed differences between the two
information conditions can be accounted for by the fact that the set of
feasible regotiation strategics availabi: to the players depends on the nature
of the information which they possess.

A more detaled statistical aualysis can te found in Roth awd Malouf (19791 which also
presents the unaggregated data from this experiment.
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4. Strsegic use of information

Modéls of the kind we have been considering, which define a game in
terms of its fezsible utility payoffs, do not include a description of the
strateglc chmoe< _which the players must make to achieve these payoffs. In
the experiment repoxted in’ the previous section, these strategnc choices
involve ths exchange of beth pmposals ana méssages.

Examinition of the" :ranscnpls of the bargaining encounters in the
experimi. ceveal strking differences in the content of messages between
encounters i the two information ccaditions. While the exchange of
messages was vijorous in both informution conditions, only in the full
information condition could messages vofitain comparisons of the players’
prizes. Not too surprisingly, in the foll information condition, players who
had smaller prizes than their opponents often persistently demanded more than
half of the lottery tickets. Since the results of the bargaining in the full
information cond ticn were observed to satisly this demand while the results
in the partial information condition did not, it is certeinly plausible to
speculate that the difference between the two conditions can be accounted for
entirely in terms of the different kinds of strategic choices available to ihe
players in the t o conditions. In order to state this hypothesis preciscly, we
will need to ccnsider a general model of the game which incorporates
information about the players’ strategies as well as their preferences for the
feasible outcomes.

Consxder a strategic model of a binary lottery game involving players with
utility ﬁmcuons u; aad u, defined on some set A of alternatives (lotteries),
one of which will be :he outcome of the game. Players 1 and 2 have strategy
sets §; and S,, respectively, and associated with every pair of strategy
choices s=(s,.5,) is an outcome O(s)=a contained in A. That is, the
outcome of the game is determined by the outcome function O from the set
5, x8, to A: ie., the rules of the game are that cach playcr i chooses a
strategy s; from his stratcgy set S;, and the combined choices of the players
determi.c the outcone ¢ in 4, which results in ihe utility peyofi' vector
(4, (a); 4y(a)). We will refer to such a model as the expanded'® strategic form
of a game; i, a game G in expanied strategic form consists of the elements
G={§,,8,,0, A, uj,4,). We will adopt the convention that. in a binary
lottery game in expanded strategic form, the utility functions are normalized

'*The (unexpanded) st ategic form ol' a game consists of the sirategy sets §, and §; und
payoﬁ“ Junctions IT, and 11, such that, for any strate 3y pair s= (s, 5,), I1;(s)=u,(0(s)) for i=1,2.
That is, the {unexpaidsd] strateyic form of a game reprisents the actual outcomes of the game
only in 1crms of the utilities of the players. Sinc: we will be interested in distinguishing the
strategy choices of the players from the sau of re.uiting outcomes (over which the pleyers’ utility
functions are defined), we will use the expr.nded strategic form of the game, rather than
coLapsmg the functions u, and O into the = gle ‘payoﬂ‘ function' I7;. Although vur concern here
is with bmary loue*y games, we phras~ e discussion in terms of this genernl model in order to

mak: clear how the issues discasse’ uete apply to- arbitrary games.
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so tha: each pliyer’s utility for a loitery 1s equal to the probability it gives
him of winning his prize. (This mean:. that when we compare different games
whose sets of ulternatives involve lotteries over different prizes, we will be
comparing gamss defined in terms of different utility functions.)

Modelled in this way, all inform.tion about the players’ preterences is
contained in the utility functions u, ind u, and the set 4 of alternatives on
which these proferences are defined, while the strategy sets S;, S,, and the
outcome function O contain the ‘structural’ information about the game,
which tells us how the players actiors are translated into outcomes. That is,
u;, U, and 4 model the players’ objectives, while the strategy sets §, and S,
together with the outcome function () model the mechanism which the game
provides for rcsolving these (different) objectives. If we have a theory of
gaines which predicts the outcome of a jame in terms of the players’
preferences and the structure of the zame mechanisim. then two games which
have the same relationship between s'ra‘egy choices, outcomes, and
preferences will yield the same pred ction. Fermally, we can express this as
follovrs.

Let G=(S,,5,,0,4,u,,u;) and ¢G=:3,.5,,0, A.ii,,4,, be two games in
expandea strategic form. Than G and G are defined to be strategically
equivalent'® if there exist transformations T, and T, such that, for i=1, 2,
T;:5;— 8, is one-to-one and onto, and for every strategy pair s=(s,,s,) in
8, X 8,,u{0s)):=14,(0(8)) for i=1, ., where §=(T,(s,), Ty(s,)) is the image
of s under T=(1,,T,). Thus the tra 1sf0i‘matlons T, and T, can be regarded
essentially as relabellings of the stritegy sets S, and S, wnd the outcome
function O acts on the relabelled sirategy sets S, and S, in the same way
that O acts on S, and §,.

A model of the bargaining proces: which depends only on the preferences
of the players and the structure of 'heir straegic possibilities would be one
which made the same predictions for any two strategicaliy equivalent games
G and G. For instance, if we let E cenote the set of all bargaining games in
expanded strategic form, then a parillel to a solution of the kind considered
in section 2 would be a function g: 1£—R2. That is, a solution g for games in
expanded strategic form selects a feasible utility payoff g(G) for every
bargaininz game G in the class £ Such a solution g depends orly on the
preferences of the nlayers and the structure of the game if it obeys the
following property:

Property 2. Invarince with respec: to strategic equivalence: If  and G are
strategically equival:nt games, then - (G)=g(G).

Notc that, although for simplicity we are consideriag soluticns g which
select a payofl corresponding to a uique outcome, the extension of Property

Ve notioa of strategic equivalence take a somewhar different form when asolied to other
kinds of game models
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2 to the case of solution concepts which select sets of payoffs corresponding
to more than one outcome is straightforward. For example, the set of all
Nash equilibrium payoffs'? of the game is invariant with respect to strategic
equivalence since, if s=(s;,5,) is any equilibrium strategy pair yielding the
payoff vector (u,(0(a)), u,(0O(a))) in the game G, then §=(T,(s), T,(s)) is an
equilibrium strategy pair yielding the same payoffs in a strategically
equivalent game G. So, for instance, a theory of games which merely specified
that the outcome of a game would be an equilibrium outcome would be
invariant with respect to strategic equivalence.

Of course, a theory of games which selects a unique equilibrium payoff of
each game, for instance, may or may not be invariant with respect to
strategic equivalence, depending on whether it depends only on the structural
information of the game, or on information about strategies and outcomes
which is not preserved in going from one game to a strategically equivalent
game.!? The experiment reported in the next section is designed to determine
whether the bargaining process observed in the experiment of Roth and
Malouf (1979) is invariant with respect to strategic equivalence.

Since we are interested in bargaining situations which allow extensive
communication between the participants, we will not attempt to model their
strategy sets explicitly.'* Instead, we will argue that certain games are
strategically equivalent by demonstrating the isomorphism between them. By
observing strategically equivalent games, we will seek to determine whether
the differences observed between the full and partial information conditions
are due to the structural properties of the game, or whether they are due to
other factors.

5. A new experiment

The experiment reported in this section involves binary lottery games (cf.
section 3) whose prizes are stated in terms of an intermediate commodity,
Each bargainer was told that the prizes would be expressed in ‘chips’ having
monetary value, and each player played four games under one of three

'2A pair of strategy choices s=(s,,s;) 1n a game G is a Nash (1951) equilibrium if 5, is player
I’s best response against player 2's choice of s,, and s, 1s player 2's best response to player 1's
choice of s, [i.e., if u; (O(s))Zu,(0(t,,s,)) for all 1, in S,, and if u,(0(s))2u,(0(s,,1,)) for all t,
in §,]. If s is an equilibrium pair of strategies, the resulting outcome O(s) is an equilibrium
outcome, and (1, (0(s)), u;(0(s))) 1s an equlibnum payofl.

13That is, such a theory might not select the ‘same’ equilibrium in two strategically equivalent
games if it depends on information about the strategy sets which isn’t preserved by strategic
equivalence.

"4These strategy sets are infinite, involving as they do the choice not only of the content of
individual messages, but also their timing. If we wished to be able 1o compute equilibria of
a bargaining game in strategic form, we would need to confine our attention to games in which
the strategy sets are much more restricted. Some interesting results obtained using this
alternative approach are contained 1n recent papers by Rubinstein (1980) and Binmore (1980),
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information conditions: high information, intermediaie informacion, or low
information. In each of the three conditions, each player knew the number of
chips in: his patential prize and their monetary value, but the informnation

sach wliswes waa: sivaws alin: it Bio nevanandnt’s neize variad unth tha infieesmntian
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condition: ‘In-the: high information condition, each player was inforraed of
both the number of chips in his opponent's. potential prize and their
monetary value. In the intermediate information condition, each player was
informed of the number of chips in his opponent’s potential prize, but not of
their monerary value. In the low information condition, neither player was
informod-of either the number of chips in his opponent’s potential prize, or
of their value. In the latier two conditions, playsrs were prevented from
oymmunicating the missing information about the prizes (see the tailed
descripticn of methods below).

The four games (which werc played in random order' are summarized in
table 3. Note that the games are counterbalanced in the sense that, in two of
the gamnes, the piayer with the higher number of chips also has a higher
value per chip (and hence a higher value prize), whise in the other two
games, the player with the higher m mber of chips has a lower value per chip
and a Jower value prize.

Table 3
Garmes.
Player 1 Player 2
Number Value Valur  Number Value Value
of per of of per of
chips chip prize chips chip prize
Game ! 60 $0.05 $3.00 20 $0.45 $9.00
Game 2 80 §0.03 $240 240 $0.04 $9.60
Game 3 100 $0.09 $9.00 300 $0.01 $3.00
Game & 150 $0.08 $12.00 50 $0.0¢ $3.00

The experiment has been designed to take advantage of two kinds of
strategic equivalence relations. First, note that binary lottery games whose
prizes are expressed in both chips and money, played in the low information
condition of this experiment, are strategically equivalent to binary lottery
games with the same monetary prizes whose prizes are expressed in money
alone. played in the partial information condition of the previous
experimeats. This follows from the fuct that, under the rules of the low and
partiai information conditions, any message which is legal for one kind of
game would be a legal mestage for the other, and so the strategy sets are the
same for both kinds of gamss, as are the utili; functions and the underlying
set of alternatives.
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Sewnd,clnp games'? plaved under the intermediate infurmation condition
of this experiment are stralegicaiiy eqm’vaiem 10 money games piayed arder
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game.: This follows from the fact that. any lenal message in one kind of gume
can be trandformed into a legal message in the other kind of game by
substxttmng:«taerm 10.chips for refarences to money (or vice versa) in any
message concerning the value of the. priz:s. And since the relative value (in
money or . chlps) of the prizes is the same in corresponding games, the
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Having established these equivalence relations, we can now proceed to
formulate two distinct sets: of predictions concerning the results of this new
axperiment, depending-on which of two competiag hypothescs we believe
account for the experimental ‘resuits summarized in section 3. These
hypotheses and the corresponding prexdictions can be stated as follows,

. . The strategic hypothesis

As discussed in section 4, this hypothesis states that the shift towards
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equal expected monetary payoffs in the fuli information condition as
compared to the partial information condition, observed in the previous
experiments, is due to the different strategy sets available to the players in
the two conditions. Consequently, this hypothesis predicts that a similar shift
will be observed in the intermediate information condition ax compared to
tne low mxormauon couumon of uns cxpenment, smce the chip games played
i strategicelly equivalent,
respmt:m!,, to -gauw pm.,“.;, unde
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games played iz the low information condition of this experiment will lead to
agreements  in whlch the two players receive approxumtcly equal
probabilities of winning their prizes, while games played in the intermediate
information condition wili lsad to agreements in which the player with the
smalier number of chips will receive a sign‘ﬁcanﬂy higher probability of
wmnmg his prize than wiil his opponent. Thus the predlcnon is that the
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YS¥or the sake of brevity, binary lottery games will sometimes be referred to as chip games or
roney games, depending on wihether the prives are expressed in chips as well as money, or in
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information condition, D should decrease significantly in games 1 and 4, and
increase significaaily in games 2 and 3. (Notice that the strategic bypothesis
makes no preciction about t1e high information condition of this
experipient, since the games in this condition are not strategically equivalent
to any games played in the previous experiments. However, if the strategic
hypothesis is correct, the observations in this condition will illuminate the
interaction between mncgotiation strategies concerning chips =nd those
concerning monzy because of the way the games are counterbalanced.)

5.2. The scciological hypothesis

This hypothesis secks to account for the phenomena reported in section 3
in tert:s of social conventions whichh exist among the bargainers. The
underlyng idea is that in conflict situations invol/ing a wide range of
rational potential agreements, social conventions may serve to make some
argumen:s and demands more credible than others. Thus this hypothesis
views the low variance observed ir the partial information condition of the
previous experiments as evidence that the agreement at which both players
have an equal charce of winning their prizes is supported by a social norm
which inclines both players to believe that their opponent may be unwilling
to accept less. The shift towards equal expected monetary payoffs which was
obstived in the full information condition is viewed as evidence that when
information about the monetary value of the prizes is available, the
agreement giving the players equal expected payoffs is also supported by
such a convention, and so the bargaining focuses on resolving the difference
between two credible positions.!®

By ‘social conventions’, we mean ¢ stoms or beliefs which are commonly
shared by the members of a particular society. In order to be commonly
shared, such conventions must necessarily be concerned with famihar
quantities. By stating the prizes in terms of an unfamiliar artificial
commodity (‘chips’} which conveys no information about more familiar
quantities such as the value of a given prize or a player’s probability of
winniug it, this new experimen: seeks to introduce a quantity about which no
sociel conventions apply. The sociological hypothesis predicts, therefore, that
information about the number of chips in each prize will not afieci the
bargaining. Specifically, this hypothesis predicts that the low and high
information conditions of this experiment will replicate the partial and {ull
information conditions of the previous experiments, respectively, and that the
intermediate information condition will not diffe: significan:ly from the low
information condition. Thus the prediction s thas D will not differ
significantly from zero in any of the games w. the lovv or intermediate

Y8Informat analysis of the transcripts from the bacgaliung obseived ‘n previous experiments
lends support to this hypothesis.
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information conditions, but that in th: high information condition D will
sigmﬁcamly ctease in games 1'and 2, and decrease in-games 3 and 4.
» ﬁiﬁ*mnw htween the -;yredwtmns Of tae_ two-hypotheses

T v-.:~sttawgnc hypothcms predxc%s that the
ermsdiate- : ndition-of :this experiment will-resemble the full
information Scndition previous-experiments, and exhibit a pronounced
ements at:which the:playérs recwive’equal probabilities.

shift away: from:agree
The sociological hypothesis -~ predicts  instead that the intermediate
information condition will resemile the: partm\ information condition of the
previous experiments, with the players receiving equal probabilitics.

Before reporting the resulis “of ‘this- experiment, we -describe below the
methods by which it was implemented. These methods are substantially the
same %8 those employed. in the experiment of Roth and Malouf (1979).

53, NI eﬂwds

Each participant wss seated at a visually isolated termmal of a computer-
assisted instruttion “systein developed . at the University of Illinois, called
BLATO, whose featuias include advanced graphic displays and interactive
capability. The experiment. was conducted in & room containing over 70
trrminals, moest -of which were occupied ai aay given time by students
uwainvolved in this experiment. Participants were seated by the experimenter
in order of thair arrival at <ioitered terminais throughout the room, and for
the temainder of the oxperiment they received all of their instructions, ard
ronducted ali communication, throvgh the terminal.

The subjecs were drawn from an introductory business administration
course taken primarily by collegs junhrs. ‘Pretests were run with the same
subiect pool 1o miake sure that the instructions to participan's were clear and

casily undesstindable.

Bacei,gxmuu! information inciuding -a brief review of probability theory was
presented - first. ‘The - main - tools of tha bargaiving were then
introduced: these comsisted of sending messages or sending proposals. A
proposal ‘was a pair of numbers, the first of which was the sender’s
probability of receiving his/her prize and the second was the receiver’s
probability. The use of the computer enabled any asymmetry in the
presentatior: to be avoided. PLATO also compuied the expected number of
chips and 1he expected monetary value of each proposal and displayed the
proposal « n a graph of the feasible region. After 1wing made aware of those
computat *o»ns, consistent with ‘thf: information cundition,!” the bargainer was

170 ea:h informeion condmon, a bmgmn& saw displayed the c\pected value in money and
chips which ite woald receive Trom any proposal hie made or received. In the high information
condition he also sow the same computations concerning his oppooent. In the intermediate



A. Roth et al., Sociological vs. strazegic factors in barga-ning 169

given the option of cancelling the proposal before its transmit.al. Proposals
were said to be binding on the sender, and an agreement was reached

whenever one of ihe bargainers returned a proposal identical to the one he
had i1t reosivad

ARTENE § AT AW W ey

Mcssages were not binding. Instead, they were used to transmit any
thoughts which the bargainers wanted to convey to each other. To insure
anonymity, the monitor intercepted any messages that revealad the identity
of the players. in the low information condition and in the mtermediat:
information condition, the monitor also mntercepted nessages containing
restricted information about the available prizes. The iitercepted message
was recturned to the sender with a heading indicating ike reason for such
action.

To verify their understanding of the basic noticas th:z subjects were given
some drills followed by a simulet=3 bargaining session with the compuler. As
soon as all the participants fimshed this portion of the experiment, they
were paired at random and the bargaining started.

At the end of 10 minutes or when agreement was reached (whichever came
first), the subjects were informed of the restlts ¢f that game and were asked
to wait until all the other bargainers were finish xd. For the subsequent game
there were new random pairings, and the bargining resumed. The cycle
continued until all four games were completcd. /.t no point in the experiment
were the players awarc of what the cthur partivip:nts were doing, or of the
identity of their opponents.

The bargaining process consisted of tne 2xchange of messages and
proposals, and participants were instructed i:a1 ‘your objective shou'd be to
maximize your own eariaings by tiking advantage of ihe special features of
each session’. Only if the bargainers reuched agreement on what percentage
of the ‘lottery tickets’ each would receive were they allowed the opportunity
to participate in the lottery for the particular game being playec Al
transactions werc autoinatically recorded.

The lotteries were held after all four games were completed, and each
player was informed of the outcomes and the amount of his winnings. A brief
explanation of the purpose of the experiment was then given, and the
subjects were offered the opportunity to mak: ~c nmerts, ask questions etc.,
and were directed to the monitor who paid them.

5.4. Results

Difference scores, D= o, - p,, were again the major cependent variable 1n

information condition, expected morctary value <omputations were no. displaved for his
opponent, and in the low information c.sndition, neither v as information concerning the number
of chips in his opponent’s p-ize. Tha: 15, in eich condition, only computations which could he
made with the zvailable info mation were Jisplayed
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the, aualysés.: The -independent variables, the four games and the three
infor:nation- conditions; were treated as between factors in a 4 x4 completely

crosse apalvsis of variance r® Two sets of snalvees were run, one including
WLUINAL uun.lvw WA Saavea ¥ STWaw & wesay wranw e saEE

all bargaining outcomes (inctuding disagreernents), the other including only
OutoomLs wim m ag;m..mt was reac wd The finc i ings for the two ‘analyses

mcrudetl) nwjad 8 sqmlﬁcant dl'ect fG games- [F‘» l)4)u1436 P<0.0001]
and - & ngmﬁrant games b informavion intersction [F(6,114)=1292, p
41000‘] The-means for- the-effects are shown i1 table 4 and fig. i: the
unaggregéted data are'shown in tabie 5. The main effect for games: appears
to-be a furction of the high value of the prize for payer 2 in games 1-and 2

lrMnlhncr in lnvoe negative ;cores for D in the full information condition) and
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the lngh valuc of the prire for. player 1in games 3 and 4 (resulting in large
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Fig. 1. Means for the: games by information interaction.

!*The data treated each of the games played by each of the subjects us a between ratber than
within factor. Although every playt,r playec each of tiv: four games, they aiways fsoed a different
oppenent. Treatment of the diata in this fashion mkes statistical teste moce conservative.
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positive score ‘or D in th: full informaticn condition). The inieraction was
analyzed furih.r by asses ing the simple main effects of information within
each game, These results. also shown in table 4, indicate that the players’
outcomes significantly differed from one another (and from zero) in each of
the four games. Post hoc tests for these effects indicated that the high
information conditions differed significanily from the low and intermediate
information ccnditions in each game. No other ditferences were found.

Table 4

Mzan diflerence scores (D) for the games by nor nation interaction (2nd
the associated simple eff o).

Information Simp:¢ effectr

Game Low Intermediatc High F df p<

1 -0.71, 286, —-1750, 717 230 00!
2 1.00, -—285, —28.67, 1440 236 0001
3 0.00, -3.20, 2242, 1049 225  0.001
4 -0.71, 6.36, 27.60, 1002 228 0001

*Cells with common subscripts, within each game, are not significantly
different from one another (x=0.05) using the Newman-Keuls procedure.

Additional analyses, ccmbirung the duta fro-w the current study with the
data from the Roth and Malouf (1979) study, te.ted the differences predicted
by the strategic and sociological hypotheses. Both hypotheses sugges: that
the data from the partial irformat'on condition in the Roth and Malouf
(1979) study and the data from the ‘>w information condition in the current
study will be equivalent and will not differ from equal probability outcomies
(i.e., D=0). Using games as a1 four leve! factor'® and the data f-2in the two
studies as a second factor in a between effects analysis of vanance, the results
shewed no significant differences between the two siudies or among (he four
games. The data (see tables 2 and 4) show almost no departure from D=0.
Thus, when pleyers have no information about their opponent’s payolffs,
equal probability outcomes predominated in both studies.

The strategic hypothesis predicts that the outcomes in the intermediate
infornation condition in the present study should be similer to the ouvtecmes
observed in the fvll information cuu'ition in the R»ty and Malouf (1979)
study. In oiher words, the movement away from an equal prosabiity
outcome ~btiocrved in the Roth ind Maloufl (1979) study is predicted to be
observed again ' the intermediate information conditions. The sociologicas
aypothesis, on the other aand, predicts that the Roth and Malouf (1979)
data from the {ull .nformation condition will be <imilar tH the data in the

'The four game, in the two studics are not comparable; this factor was included on'y 10
increase the ability to diagnose the cause of any significant effects +l.at might have resulited.
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high information condition of this experiment, and that the intermediate
information condition of this experiment should yield results that are not
significantly different from the partial information condition of the previous
study. Prior to statistical analysis, the data from the current study were
transformed to control for the differences between the games. In particular,
cqual expected monetary value outcomes in games 2 and 4 were 80-20:
cqual expected value outcomes 1n games | and 3 and in the unequal payoff
games of the previous study were 75-25. Thus, the data in games 2 and 4
were transformed; the analyses compared the proportions of movement from
cqual probability splits toward equal expected value splits in the two
studics.

The results are very clear. For only the agreements, a test including the
data from the unequal payofl games in the full information condition of Roth
and Malouf (1979) and the intermediate information condition from the
present study indicates strong differences in the outcomes: F(1,68)=23.56, p
< 0.0001; the test comparing the same Roth and Malouf (1979) data and the
high information condition of this experiment reveals almost no difference:
F(1.63)<1, ns. Consulting tables 2 and 4 clearly show the similarity of the
data for the Roth and Malouf full information condition and the data from
the full information condition in this study. In addition, the simple main
cffects analysis of the current data also show the marked differences between
the full and intermediate information conditions. Thus, the sociological
hypothesis is strongly supported.

6. Discussion

The results of this experiment provide strong support for the sociological
hypothesis outlined in section 5, and clearly demonstrate that the
opportunity to strategically employ arguments concerning the monctary
prizes has a markedly different cffect than the opportunity to employ
strategically equivalent arguments concerning the value of the prizes as
cxpressed in terms of the artificial commodity, chips. Interestingly. this
dilference does not seem to be due to an unwillingness of the bargainers 1o
advance arguments in terms of chips; informal analysis of the transcripts
reveals striking similarities among the messages in the intermediate and high
mformation conditions and in the full information condition of Roth and
Malouf (1979).

In cach of these conditions, the apparently disadvantaged player e, the
player whose prize consisted of fewer chips in the intermediate information
condition, or the player whose prize had the smaller monetary value in the
full and high information conditions frequently argued that he shouly
receive a larger probability of winning than his opponent, in compensation
for his smaller prize, and claimed that he would insist on doing so. The
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frequent response of the apparently advantaged player was that a fifty-fifty
division of the lottery tickets looked reasonable to him, and that he would
teke nothing less. But as the results of the sxperiment showed, this potential
standofl. was rescived differently in the different conditions. In the
‘ntermediate information condition, the pluyer with the smaller number of
chips tended to back off from his demand for a higher probability and accept
an equal probability of winning, while in the high information condition, and
in the full information condition of Roth and Malouf (1979), the player with
the higher valued prize tended to back off from his demand for ar equal
probability and accept a smaller probability of winning (cf,, table 4).

In view of the fact that ‘disadvantaged’ bargainers were so successful in
obtaining higher probabilities in the hig: information condition by
employing arguments concerning money, and that they employed
strategically equivalent arguments concerning chips i the intermediate
information condition, it is all the morc surprising that arguments
concerning chips had no statistically significart effect on the mean observed
agrecments. Of course, in the intermediate infcrmation condition there was a
very small tendency observed in each of the four games for tae player with
fewer chips to get a higher probability of winning (cf. fig. 1). But, as the
figure makes clear, ever: if this should prove to be a reliable effect, it is an order
of magnitude smaller than the corresponding effect observed in the high
information condition which resulted in players with a smaller monetary
prize receiving a higher probability. Thus the difference between the
outcomes observed in the high information condition and those observed in
the low information condition cannot be accounted for by modcls
constructed entirely in terms of the feasible utility payvoffs and strategy :ets of
the players. Instead, the outcomes depend, 10 a significant degree, on tae
sociological content of the shared information and the feasible messagss.

Further examination of the transcripts sheds some light on this
sociological content. In a high proportion of the bargaining encounters,
notions of equity and fairness were invoked by the bargainers in support of
their positions. These notions were invoked strategicaliy,?® presumably to
enhance the credibility of a bu-gainer’s demand. Viewed in this way, the
resuits of the experiment suggest that the reason strategically equivalent
argi ments did not have the sume effect in different information conditicns is
that dilferent notions of equity need not be equally credible. Specifically, the
results suggest that equalizing the probability that each player will wir his
prize is a more credible notion of equity than equalizing each pla: ers’
expected payoff in chips, but not in moncy. Thus information about the

3%Thus, for example, in the intermediate information condition, a plaver who suggestec that
the {airest agroement is to equalize each player’s expected number of chips was invariably a
player who had & smal'er prize in chips than his opponent.

JEBO- D



In conclusion, We hiave coown tm somalogml ﬁ\ctors iy factors
nnremud to:what'we. nm\ly cunsrlez; to be the ‘economnc parameters ofa

ity of the playes leaves s vid range -ol‘wpment'ul o'utcomoﬁs}(e.g, the
contract curve in a bargaining game’ ‘it the entire set of individually rational,
Parety optimal “outoires). 'Of vourse,” the ﬁxsc«mremng impact of thase
results is tempered hy the fact that, at ledst- snr*:e the time of Edgeworth

Hgohelling (1960), who waahed a similar concluvion ¢a mtuitwe grounds, sugpested that

experimental methods wouki be needed to further pur e sixh matters. We obviously agree.
That is, since’ the sociologicsl context in whichargaini ,‘cmm_puys such an mpon.m
‘ -of o
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71881), attempts to develop deduct e theories of bargain ng based primarily
on the consequences of individual rationality have met with only lim:ited
success.

So the encouraging side of t'iese results is that they suggzest an approach
which may lead tc more successful bargaining theories. Speuif.cally, if certain
kinds of sociological information caa be incorporated int» a theory of
bargaining, it may be possible 1o eliminate some of the indeterminacy which
cannot be resolved by thcories which depend on purely economic
information. We hope to have more to say on this subject in future papers.
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