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Abstract
We model economic environments in which individual choice sets are fixed and the level
of a specific parameter that systematically modifies the preferences of all agents is
determined endogenously to achieve equilibrium. The equilibrium concept, Biased
Preferences Equilibrium, is reminiscent of competitive equilibrium: agents’ choice sets
and their preferences are independent of the behaviour of other agents, the combined
choices must satisfy overall feasibility constraints and the endogenous adjustment of
the equilibrating preference parameter is analogous to equilibrating price adjustment.
The concept is applied in a number of economic examples.
Keywords: Biased preferences; equilibrium; economic environment

1. Introduction
The fundamental scarcity problem of economics – the tension between limited
resources and insatiable wants – is resolved in conventional economic models by
means of markets or allocation mechanisms. In either case, preferences are
viewed as exogenously fixed and the focus is on the role of instruments – prices
in decentralized markets or commands in centralized mechanisms – that
determine agents’ choice sets. The approach presented here is complementary to
that standard framework.
In our model, agents’ choice sets do not adjust nor is there any central body
dictating the rules. The resolution of the fundamental scarcity problem is
achieved by means of a systematic adjustment of individuals’ preferences. These
changes give rise to an equilibrium that achieves harmony between agents’
choices and the social feasibility constraints. It is reminiscent of Aesop’s ‘The
Fox and the Grapes’ fable where the fox’s preferences change when it cannot
reach the grapes.
If agents’ preferences can adjust arbitrarily, then any feasible allocation can be
trivially established as an ‘equilibrium’. However, we study the more interesting
case in which systematic biases affect the preferences of all agents in the same
way, which can be interpreted as reflecting an adjustment of social values or
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norms. Obviously, any change in preferences will be somewhat arbitrary. Since
marginal rates of substitution provide a primitive description of preferences, we
model changes in preferences as common biases in the marginal rates of
substitution. That is, a change in preferences is achieved by multiplying all
agents’ marginal rates of substitution by the same positive number. In order to
avoid technical issues that are less relevant for this purely conceptual discussion,
we restrict attention to separable preferences, such that the bias is captured by
the weights by which the different sub-utilities are multiplied.
Individual choice sets are fixed. The profile of choices have to be feasible in the
sense specified in the model. We introduce a new equilibrium concept – Biased
Preferences Equilibrium – in which the adjustment of all agents’ preference
relations is determined endogenously so that the profile of individually optimal
choices will be feasible. The concept is applied in three examples of economic
environments in which limitations of various types preclude equilibrium in the
absence of preferences adjustment.
The equilibrium concept is reminiscent of competitive equilibrium. As in the
standard competitive equilibrium model, an agent’s choice set and preferences
are independent of the behaviour of other agents, and the combined choices
must satisfy overall feasibility constraints. The endogenous adjustment of the
equilibrating weights is analogous to the equilibrating price adjustment in
competitive equilibrium. The conceptual exercise we carry out illustrates the
dual role played by ‘adjustment of preferences’ and ‘adjustment of choice sets’.
The following paragraph expresses Ariel’s view only. The model should not
be viewed as ‘normative’ – it is not being claimed that economic conflicts should
be left to resolve themselves through the adjustment of preferences. Neither is it
‘positive’ in the sense that we do not provide evidence that real-world phenomena
are described by the model. The analysis is a purely ‘conceptual endeavour’ and its
goal (like that of other papers mentioned in section 4) is to demonstrate that nonprice-based social mechanisms can also bring order to classical economic
situations.

2. The model and the solution concept
i  ; Λ; Ti where:
An economy is a tuple hN; Y; X i i2N ; F; P; 
i2N
N is the set of agents;
Y  RK is the set of alternatives over which the agents’ preferences are defined;
X i  Y is the set of private alternatives available to agent i (his ‘choice set’);
F  Πi2N X i is the set of feasible profiles of agents’ choices;
PP is the set of preferences over Y that are represented by a function of the type
k1;::;K vk yk  with positive functions vk , and, whenever relevant, vk is an increasing, differentiable and concave function;
i 

i2N is a profile of preference relations in P.
Hereafter, we write z i  instead of z i i2N .
Up to this point, the model is fairly standard. The non-standard elements of the
model are Λ and T:
Λ  RK is the set of social-value states;
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T : P × Λ ! P encodes the effectPof a social-value state on preferences. If a pref
 is represented by
erence relation 
k1;::;K vk yk , then T; λ is represented by
P


k1;::;K λk vk yk . We use the notation λ for T; λ.
Note that although agent i chooses from the set X i , his preferences are defined
over the larger set Y.
i y for all i and all
An equilibrium is a pair hx̂i ; λ̂i such that x̂i  2 F and x̂i
λ̂
i
y 2 X . That is, an equilibrium is a profile of choices and a social-value state such
that: (i) the profile x̂i  is feasible; and (ii) each agent’s choice x̂i is individually
i .
optimal with respect to the endogenously determined biased preferences 
λ̂
The standard Pareto efficiency notion with respect to the fundamental preferences
will be referred to as pre-efficiency. A profile xi  2 F is pre-efficient if there is no
i xi for all i, with strict inequality for at least one agent.
other yi  2 F such that yi 
Obviously, there is no interesting content to efficiency ex-post here since in equilibrium each individual makes his own optimal choice from his fixed choice set.

3. Three examples
3.1. An exchange economy with fixed prices

There is a large literature on models of equilibrium with fixed prices (see for
example Benassy (1986) and the references therein). The novelty in our setting
lies in the approach that it is the adjustment of preferences that equilibrate the
market, rather than rationing schemes.
Consider an exchange economy with K goods and fixed prices. Agent i’s initial
endowment is wi , and w denotes the total endowment. Trade can take place only at
the fixed prices p  pk . In this case, Y  RK (the set of
P alli bundles),
X i  fx 2 Yjpx  pwi g for all i, and F  fx1 ; :::; xn  2 Πi X i j
i x  wg. Let
P be theP
set of all preference relations represented by a utility function of the form
uy  k1;::;K vk yk  where each vk is a differentiable, strictly increasing and con is represented by such u, the preferences T
; λ are
cave function. Given thatP
represented by uλ y  k1;::;K λk vk yk .
Claim 1. (i) The model has an equilibrium. (ii) All equilibria are pre-efficient.
Proof. (i) For simplicity, we prove the proposition for the case in which every
bundle in every efficient allocation is either strictly positive or all zero. To see
the intuition behind this result, consider first the n  K  2 case depicted by
the Edgeworth box in Figure 1:
Let e1 ; e2  be the allocation corresponding to the intersection point of the contract curve (the set of all Pareto efficient allocations) and the line with slope
p1 =p2 through the initial allocation. Since the contract curve is continuous
and connects the two opposing corners of the box, such an intersection point
exists and obviously e1 ; e2  2 F. Denote by MRSux the marginal rate of substitution of a function u at the bundle x. Then, since the allocation e1 ; e2  is efficient MRSu1 e1   MRSu2 e2   µ. Let λ̂  λ̂1 ; λ̂2   µpp12 ; 1. Then,
MRSuiλ̂ ei   p1 =p2 and thus the pair hei ; λ̂i is an equilibrium.
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Figure 1. Equilibrium in Edgeworth Box.

For the general case, Keiding (1981) (following Balasko 1979) showed that for
every price vector p, there is a vector µ  µ1 ; µ2 ; :::; µK  and an allocation ei 
such that pei  pwi for all i and if xi i ei then µxi > pei . Therefore, for each i there
is a positive number ci such that rui ei   ci µ: Let λ̂  pk =µk . Then,
ruiλ̂ ei   ci p for all i and therefore, ei maximizes uiλ over X i . Thus, hei ; λ̂i is
an equilibrium.
(ii) Let hx̂iP
; λi be an equilibrium. For each i, the bundle x̂i maximizes the funci
tion uλ x  k1;::;K λk vki xk  over X i  fxjpx  pwi g. Given the differentiability
of the Putility function ui , the bundle x̂i maximizes the function
ui x  k1;::;K vki xk  over fxjpλ x  pλ x̂i g where pλk  pk =λk for every commodity k. Thus, x̂i  is pre-efficient. ▪
Individual Rationality: Although the equilibrium outcome is pre-efficient, it
might be inferior to the initial endowment according to the fundamental
preferences of some agent. This is in contrast to the Pareto superiority of any
competitive equilibrium outcome over the initial endowment.
Figure 2 depicts an illustration of the equilibrium for the case of n  K  2 with
linear fundamental utility functions αi x1  x2 . We present one possible configuration in which p1 =p2 > α1 > α2 > 0. The Pareto-efficient allocations are all points
on the south and east edges of the Edgeworth box.
To obtain an equilibrium, the relative value of good 1 needs to increase. An
equilibrium λ-transformation of the preferences rotates both indifference curves
clockwise, thus increasing their slopes, such that Agent 2’s indifference curve exactly
coincides with the budget line and hence Agent 1’s indifference curve is even steeper.
In the resulting equilibrium allocation, Agent 1 receives only some of good 1 and
Agent 2 receives all of good 2 and the remainder of good 1. In terms of the original
preferences, agent 1 is worse off in this equilibrium than with his initial endowment.
If the budget line does not connect the initial allocation to the allocation z where
agent 1 receives the entire stock of good 1 and agent 2 receives the entire stock of
good 2, then this is the only equilibrium λ. In the special case that the budget set
contains z, there is a continuum of λ values that support the allocation z.
Exchange economies with non-convex preferences: Exchange economies with
non-convex preferences may not have a competitive equilibrium. Nevertheless,
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Figure 2. Equilibrium in Edgeworth
Box with linear indifference curves.

there may exist a set of prices and a social value state for which an equilibrium exists.
Thus, a price system and social values that distort the preferences systematically
may serve as a means of attaining stability in markets where prices on their own
cannot.
Consider, for example, the standard model of an exchange economy with two
agents who have initial bundles 1; 2 and 3; 2 respectively and identical nonconvex preferences represented by the function ux1 ; x2   x12  x22 . This exchange
economy does not have a competitive equilibrium since, whatever the price is, each
agent’s optimal bundle will have only one good in it. Therefore, in equilibrium the
agents must be indifferent between the two corners of the budget line, which means
that the prices must be 1; 1. This implies that Agent 1’s consumption is either
3; 0 or 0; 3 and agent 2’s is either 5; 0 or 0; 5. Therefore, their consumption
bundles do not sum up to the total bundle 4; 4.
In contrast, the vector of prices 2; 1 combined with λ  4; 1 is an equilibrium
in our model. This λ transforms the agents’ preferences into preferences represented
by the utility functions 4x12  x22 (with the indifference curves transformed from
quarter-circles into quarter-ellipses). In this case, both individuals are indifferent
between the corners of their budget lines (the bundles 2; 0 and 0; 4 for Agent
1 and the bundles 4; 0 and 0; 8 for Agent 2). Thus, assigning 0; 4 to Agent
1 and 4; 0 to Agent 2 completes the description of an equilibrium.
3.2. The Shapley–Shubik assignment model without money transfer

Our second example reinterprets the Shapley and Shubik (1971) assignment model,
where n houses have to be allocated to n individuals with possible conflicting
preferences. Harmony is achieved by the assignment of prices to houses so that
each individual prefers a different house. We show that this society can instead
achieve harmony through systematic bias of the individuals’ valuations of the
houses rather than through prices.
In the model, N is a set of n individuals; H  f1; ::; ng is a set of houses;
Y  H × R is the set of all house-money transfer pairs; for each i, X i is the set
of all pairs in Y with zero money transfers, i.e. X i  fh; 0jh 2 Hg; and F is the
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set of profiles xi  2 Πi2N X i such that for any house h there is a unique i for which
xi  h; 0. Thus, an element of F is an allocation of H among the individuals with
no money transfers. As in the Shapley–Shubik model, the preferences are defined
over Y, a larger domain than Πi2N X i since it is used to describe the preference bias
function T.
Any preference relation in P is represented by a utility function of the form
vh  m where vh > 0 for all h 2 H. Thus, every preference relation is characterized by a vector vhh2H . Let Λ  Rn . The transformation Tv; λ maps the
preferences characterized by vhh2H to the preferences characterized
by λhvhh2H .
Notice that this model fits into our general framework as follows: Let eh denote
the vector that has 1 in the h coordinate and 0 elsewhere and let E denote the set of
these unit vectors. We identify a house h with the vector
P ei h 2 H. Therefore,
Y  E × R; X i  feh ; 0jh 2 Hg; F  fx 2 Πi2N X i j
x  1; 1; :::; 1; 0g.
Any preference
relation
in
P
is
represented
by
a
utility
function
of the form
P
Uy  h2H yh vh  yn1 . The transformation TU; λ is given by a a vector
λhh2H as in the general framework
(setting λn1  1 w.l.o.g): TU; λ is a prefP
erence relation represented by
y
h2H h vhλh  yn1 .
Claim 2. (i) An equilibrium exists. (ii) All equilibria are pre-efficient.
Proof: (i) Consider the Shapley–Shubik house allocation setting with preferences
characterized by ui h  ln vi h. By Shapley–Shubik (1971), there is a vector of
monetary transfers ph h2H and an allocation hi  such that, for each agent i, the
assigned house hi maximizes ui h  ph over the set Bp  fh; ph jh 2 Hg. This
i
implies that hi also maximizes eu hph  eph vi h over Bp, for each i. Therefore,
hhi ; eph h2H i is a Biased Equilibrium.
(ii) Let hhi ; λhh2H i be a Biased Equilibrium in the economy with i’s preferences being represented by wi h. Assume that hi  is not pre-efficient. Then,
there is a feasible allocation xi  such that wi xi  ≥ wi hi  for all i with at least one
strict inequality and then Πi2N wi xi  > Πi2N wi hi . Since both hi  and xi 
are allocations of the n houses, Πi2N λxi   Πi2N λhi . Thus,
Πi2N λxi wi xi   Πi2N λxi Πi2N wi xi  > Πi2N λ hi Πi2N wi hi   Πi2N λhi wi
hi  which implies that for at least one agent i, λxi wi xi  > λhi wi hi  contradicting hi being the maximizer of λhwi h over all houses. ▪

3.3. Giving with pride and receiving with shame

The third example is a society in which individuals give and take freely from a public
fund, which is used to achieve redistribution. Agents voluntarily contribute to the
fund and can freely withdraw from it. Donors experience pride while withdrawers
experience shame. The fund has to be balanced, i.e. contributions must equal
withdrawals. We will see that balance can be achieved by 1; :::; n adjustment of
the weights assigned to pride and shame.
In the model, the stock of a single consumption good is distributed across a
society consisting of agents . Agent i initially owns wi and w1 < w2 < :::: < wn .
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The set Y  R × R is the set of pairs c; d where c is a non-negative amount of
consumption and d is a donation to the public fund. A negative d means a withdrawal
i
from the fund. An agent faces the choice set XP
 fc; d 2 Yj c  d  wi g. The set F
i
i
i
is the set of all profiles c ; d i2N such that
i d  0.
The set P contains all preferences represented by a utility function of the form
Uc; d  v1 c  v2 d where v2 s  r max d; 0  s min d; 0 , v10 0  ∞ ,
v10 M  0 and α; r; s > 0. The coefficient r captures the pride of donating while
the coefficient s captures the shame of withdrawing. It is assumed that s ≥ r and that
all agents have the same preference relation over Y (but their choice sets are not identical). Given that Y is two dimensional, we can assume that Λ  0; ∞  and that
TU; λ transforms Uc; d  v1 c  v2 d into Uλ c; d  λv1 c  v2 d. Thus,
λ captures the degree of sensitivity to pride and shame.
We now show that there is a unique equilibrium in which the relatively poor agents
complement their initial wealth by taking from the public fund up to the level of
consumption w; the relatively rich contribute to the fund and are left with consumption level w; and the ‘middle class’ remain with their initial wealth. It will be shown
that when r  s, all agents consume the same amount in the unique equilibrium.
Claim 3. (i) The model has a unique equilibrium hĉi ; d̂ i ; λ̂i. Let w and w satisfy
λ̂v10 w  s and λ̂v10 w  r, respectively. Then, the equilibrium profile is:
8
< w if wi ≤ w
i
ĉ  w if w < wi w
:
w if wi ≥ w

and d̂ i  w ĉi .
(ii) The equilibrium is pre-efficient.
Proof: (i) Given w 2 0; M and λ 2 Λ, the assumptions on v10 imply that the agent’s
maximization
 a unique optimal consumption choice cw; λ. Let
P  problem has
Ψλ  i cwi ; λ wi , i.e. the excess demand for consumption given λ. Since
cwi ; λ is continuous and increasing in λ, then so is Ψλ. For λ near 0, Ψµ < 0
and for large λ, Ψλ > 0. Let λ̂ be the unique value such that Ψλ̂  0. The
assumptions on v1 guarantee the existence of unique values of w and w satisfying
λ̂v10 w  s and λ̂v10 w  r, respectively. Then, hĉw ; d̂ w ; λ̂i is an equilibrium since
ĉw  cw; λ̂ and d̂ w  w ĉw .
(ii) Consider an equilibrium hcw ; d w ; λi with λ > 1. Given the fundamental
preferences, each agent w weakly prefers to consume less than cw and depending
on w prefers to withdraw less or donate more. Therefore, a Pareto-superior allocation would have to weakly lower everyone’s consumption. However, this contradicts
feasibility which requires the exact balancing of the public fund (and precludes disposal). An analogous argument holds for the case of λ < 1. ▪
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4. Discussion
4.1. A game model

In our model, each agent optimally chooses his action while ignoring those of others.
The social norms expressed by adjust to ensure that agents’ choices satisfy the
feasibility constraint. This approach is in the spirit of competitive equilibrium, but
is also applicable in situations of strategic interaction. A game version of the
model differs from the ‘competitive’ one in that each agent’s preferences are over
the profiles of actions of all agents. The set F can be viewed as a collection of acceptable profiles in the sense that a profile that lies outside F generates pressure on the
preferences to adjust. The equilibrium concept is modified accordingly. An equilib i x̂1 ; :::yi ; :::; x̂N  for all yi 2 X i and
rium is a pair hx̂i i2N ; λ̂i such that: x̂1 ; :::x̂N  
λ̂
x̂i  2 F. Thus, equilibrium in this model imposes a standard Nash equilibrium condition on the profile of actions with respect to the endogenously determined preferences and the equilibrium profile is in the set of acceptable profiles.
4.2. A hybrid model

A more general version of the model would allow the agents’ choice sets to be
endogenous. In that case, the parameter λ would systematically affect not only preferences but also the choice sets. For example, in an exchange economy environment,
λ might consist of a preference bias parameter, as before, and a price vector. The prefi would be the biased preferences as before, and the set X i λ would then be
erences 
λ
the agent’s budget sets as determined by his endowment and the price vector.
4.3. Pre-Efficiency

For each of the three examples, we have shown that the biased equilibrium is preefficient. The proofs differ but all rely on the convexity of the preferences and the
structure of the choice sets (linear with a common slope). The choice of the
transformation function T is also critical to the result. It is not surprising that
this results requires strong conditions. The analogous fundamental First Welfare
Theorem of competitive equilibrium is also a knife-edge result that depends on
the convexity of the preferences, the linearity and uniformity of prices, and the
lack of externalities. An example of an alternative preference bias transformation
that does not yield efficiency is given in section 3.2. Similar examples can easily
be constructed for the other two examples as well.
4.4. Separability

Perhaps the most fundamental description of preferences is as a collection of local
marginal rates of substitution. With this in mind, we chose to model changes in
preferences as common biases of the marginal rates of substitution. To make
this as clear as possible and to avoid technical issues that are less relevant for
this conceptual discussion, we restrict attention to separable preferences.
To understand the sort of difficulties that might arise with non-separable
preferences, recall the exchange economy example in section 3.1. The function
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; λ distorts 
 as represented by u into a preference relation with a utility
T
function v such that rvx  λk ruxk  for every x. In the case of non-separable
preferences and K  2, the bias operator can be defined by this equality since for
any function u and for any positive number λ, there is a utility function uλ such
that MRSuλ x  λMRSux for all x 2 X. However, without the separability
assumption, such a T function would not be well-defined when K > 2, since given
an arbitrary differentiable function u : RK ! R and a vector λ 2 RK there might
not be a function v satisfying rvx  λk ruxk  for every x.
4.5. Comments on the literature

Two previous papers in which non-price adjustment achieves harmony in a society
are Richter and Rubinstein (2015, 2020). In the first, a common ordering of all
alternatives, interpreted as prestige, is adjusted and in equilibrium the profile of
choices has the property that each agent’s choice is optimal from among all
alternatives that are not more prestigious than the one he chooses. In the
second, it is a partition of the alternatives into permitted and forbidden actions
that is adjusted until the vector of optimal choices is feasible, and any loosening
of the forbidden set would result in any optimal vector of choices not being
feasible. The innovation of the model presented here is the role of preferences
adjustment as an endogenous equilibrating instrument.
The paper is somewhat related to several strands of the literature. The literature
on endogenous evolution of preferences (e.g. Dekel et al. 2007; Alger and Weibull
2016) examines the dynamic evolution of preferences conducive to social
interaction, whereas we examine a static equilibrium resolution of resource
allocation problems. The literatures on the use of honours to incentivize agents
(e.g. Benabou and Tirole 2003; Tirole 2016; Dubey and Geanakoplos 2017) or
the role of status in the allocation of labour across occupations (Fershtman et al.
1996) feature agents who value the attainment of ‘status’ within their peer
group. Agents’ preferences over status and other goods are exogenously fixed, as
in conventional economic models. It is the status associated with agents’ actions
that is determined within these models, by means of either the emergence of an
equilibrium convention or deliberate design by a principal. In contrast, the
preferences in our model adjust endogenously in a specific uniform fashion in
order to attain equilibrium.
The idea of endogenous preference change has been considered previously in
various areas of economics. Since the literature is vast, diverse and not closely
related to our model, we will refrain from throwing in a few random references
and make do with comparing, in general terms, our approach to two strands of
the literature. One of them examines the causes and consequences of preference
change induced by things like addiction, habits, advertising or fashion. Roughly
speaking, the ‘technology’ that induces preference change at the individual level
is taken as given (e.g. the effect of addictive substance). Another strand deals
with the deliberate strategic manipulation of preferences that is inherent in the
two-stage game model. The main element of these models is each player’s
strategic selection (in the first stage) of his own second-stage preferences with
the goal of favourably influencing the equilibrium, while anticipating the
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selections made by others. Neither strand of the literature is closely related to our
model, in which the changes in preferences emerge in response to pressures to
equilibrate a social situation, in a way analogous to the way that price
adjustment harmonizes exchange in a competitive market.
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