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Abstract

We present an overlapping generations model with cultural transmission of preferences in which
players face in each period a simplified hold up problem. In our model, both the distribution of
preferences in the population and the investment policies in the long run influence one another
and are determined endogenously and simultaneously. In the stable steady state of the economy
there is a mixed distribution of preferences where both selfish and other-regarding preferences
are present in the population. Moreover, the presence of a significant fraction of individuals with
other-regarding preferences alleviates post-contractual opportunism and improves efficiency in the
investment decisions.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The hold up problem in real-life economies is ubiquitous, potentially arising in the pres-
ence of relation-specific investments and incomplete contracts. Whenever these two features
come together, there is room for post-contractual opportunism. When relation-specific in-
vestments are non-contractable, underinvestment may occur because of Mgitiaméon
(1985). That s, the specificity of the investments makes the investors vulnerable to ex post
exploitation. As agents anticipate this, there is usually too little investment.

Nevertheless, a prime source of the hold up problem is also individuals’ behaviour,
namely, selfish or opportunistic behaviour on the side of the partners. Obviously, in a world
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of altruists there would not be a hold up problem, as nobody would be afraid of being
exploited after the investments have been made. This is probably the reason why parents
do not underinvest in their children.

However, in markets and economic organisations, pure altruism (such as parental al-
truism) is rather exceptional. Nevertheless, although there is little doubt that many agents
conform to the selfishness assumption of conventional economics (and game theory), there
is also overwhelming evidence indicating that a non-negligible proportion of the population
cares not only about their own material payoffs but also about reciprocity and fairness. A
more realistic assumption, therefore, would be that preferences in the population are het-
erogeneous, but even this treatment of preferences and their distribution is rather limited.
The reason is that, as is the usual treatment by economists, the distribution of preferences is
taken as given, and explaining its sources or how it may change is left aside in the analysis.

This paper focuses on the formation, evolution and stability of the distribution of prefer-
ences in the population and its relationship with the investment and bargaining strategies in
a simplified hold up problem. More precisely, in our model a population of infinitely-lived
players (say, for example, firms) with homogeneous selfish or self-regarding preferences is
pair-wise matched at each period with a population of an equal size of short-lived players
(say, for example, workers) with heterogeneous preferences. Both types of player play a
two-stage game. In the first stage, they decide separately but simultaneously whether to
make a general or a relation-specific investment. The latter type of investment is more effi-
cient, that is, yields a higher surplus, but it entails a higher individual cost. Moreover, both
of the current investments also determine the bargaining power of the partners in the second
stage of the game when they negotiate the division of the surplus. If both players have made
the same kind of investment they will have the same bargaining power, but if one has made
a general investment while the other has made a specific investment, the former has all
the bargaining power, although the surplus to be divided is smaller. Using this simplified
game, we capture a stylized hold up situation. Players are afraid of making costly specific
investment because they run the risk of being exploited if their partners make a general
investment.

The preferences in the population of short-lived players are heterogeneous. In each period,
there is a fraction of selfish players, but there is also a fraction of players motivated by
reciprocal altruism. In particular, we use the concepingiquity aversiorof Fehr and
Schmidt (1999) More precisely, strongly inequity averse players behave very differently
from selfish players in a negotiation. Namely, they reject very unfair offers when they are
responders, and they are generous when they are proposers.

Any short-lived player lives for two periods in an overlapping generation situation. In
the second period, as an adult, each one plays the investment game already described,
but she also has a descendant and makes a costly decision on education effort, trying
to transmit her own preferences. The reason for this behaviour is that they are altruistic
towards their offspring but in a particular form of altruism calletperfect empathy{see
Bisin and Verdier (1998) Namely, parents evaluate their child’s well-being through the
filter of their own preferences. If thigertical transmissiomnf preferences does not succeed,
then children acquire preferences from the social environnodtigie transmission The
distribution of preferences in the population of workers will, therefore, evolve over time,
depending on the education effort of both types of parents, which is determined itself by
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the actual distribution of preferences (since oblique transmission is a substitute for vertical
transmission), and by their expectations about the firms’ investment and negotiation policy.
In turn, the firms’ policy will depend on the distribution of preferences in the population of
short-lived players, which is all the information the firms have.

We find that in any stable steady state of this economy there is a mixed stationary distri-
bution of preferences where both types are present in the population of short-lived players.
In general, the presence within the population of a fraction of strongly inequity averse play-
ers alleviates the post-contractual opportunism and improves the efficiency in the optimal
long-run investment decisions.

The driving force for this improvement in efficiency is not any particular “compulsion”
or tendency of the inequity averse players to make specific investments as compared to
selfish players. In fact, it is the opposite in some cases: for instance, when there is a conflict
between efficiency and risk-dominance in the investment game, inequity averse short-lived
players make general investments while selfish players (long- and short-lived) make specific
investments. The driving force of the model is that the presence of a significant fraction
of inequity averse players in the population plays the role of a kind of “social capital” in
the economy. In other words, it works as a good substitute for complete contracting, and
this occurs basically because of their aversion to advantageous inequality. Strongly inequity
averse players are rather generous and fair when they are at the top (i.e., proposers in the
negotiation), and this works as a “credible promise” that they will not abuse their partners
after investments have been made.

Our framework allows us to introduce many important qualifications on this general result
depending on the particular strategic structure of the investment game. The steady state of
the economy when making a general investment is the less risky strategy is characterized
by a second-best result. Namely, the long-lived player and the selfish short-lived player
make specific investments, while, paradoxically, the inequity averse player makes general
investments. When the efficient equilibrium, with both players making specific investment,
is also the risk dominant equilibrium, we get a first-best result on investments in the long
run: all players make specific investments. Lastly, the case in which the investment game
has the structure of a prisoner’s dilemma is the only case in which the features of the
steady state may depend crucially on the initial conditions of the dynamics (i.e., the initial
distribution of preferences). When the initial proportion of selfish short-lived players is
low enough and under some configuration of the parameters, the economy converges to
a second-best result, but if this fraction is high, the economy can remain trapped in the
long run in a very inefficient situation in which everybody makes general investments and
nobody has incentives to socialize their children. In our model, only an exogenous shock
on expectations might get the economy out of this trap.

The only strand of literature, to our knowledge, that analyses the hold up problem in
an explicitly population dynamic context is a very recent evolutionary analysis on hold
up. Ellingsen and Robles (200@ndTroger (2000have shown that when only one party
makes a specific investment, followed by play of the Nash demand game, then all stochas-
tically stable equilibria are efficient. Therefore, it would seem that evolution “solves” the
hold up problem. HoweveDawid and MacLeod (20013how that these results do not
extend to the case in which both parties can make relation-specific investments. An impor-
tant difference compared to our work is that these authors do not considanttemental
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transformation(Williamson) of the players’ ex post bargaining position due to the kind
of investment (general or specific) and, instead, they assume as renegotiation protocol a
symmetric Nash demand game.

The paper is organized as follov&ection Antroduces the model, describing the specific
investment game, the inequity averse preferences, and the mechanism of cultural transmis-
sion of preferencesSection 3analyses the optimal education effort choice of the different
types of short-lived players and its determinantsSéttion 4 we characterize the optimal
strategies on investment and bargaining of the infinitely-lived pl&estion Spresents the
main results characterizing the steady state policies (investment and bargaining) and the
distribution of preferences. This analysis is done for all the possible cases concerning the
structure of the investment game. FinaBgction 6concludes.

2. Themod€

We consider a dynamic random matching model where an infinitely-lived player (player
1) is matched, at each period, with a short-lived player (player 2), who only lives two periods.
Both populations of players are a continuum, normalized to one. From the point of view
of players 2, this is an overlapping generations model. Each player 2, in the first period, is
a child and is educated in certain preferences; in the second period, when she is an adult,
she is matched with a long-lived player 1 who is playing a coordination game in specific
investments to be described later. Also, in this second period she has one offspring and
makes a decision regarding her education, trying to transmit certain types of preferences.
Notice that the population size remains constant.

2.1. The specific investment game: hold up and coordination failures

A long-lived player 1 and an adult short-lived player 2 are randomly paired in any one
period and play the following sequential investment game. In a first stage, each player has
to decide separately and simultaneously whether to make a specific investment (S) or a
general investment (G). We will assume that specific investment is more individually costly
than general investment. In particular, det- 0 be the cost of specific investment, and we
normalise the cost of general investment to zero.

On the other hand, specific investment is more efficient. Namely, the pair of investments
decided by the players determines the size of the joint surplus that has to be divided between
them at a second stage. Thatis, if both players make specific investments, the highest surplus
v is obtained. If one of them makes a specific investment and the other makes a general
investment, then they get a smaller but positive surplUsinally, if both players make a
general investment they get the lowest possible surplus, which we normalise to zero. We
will assumev > n.> ¢ > 0.

Each particular pair of investments also determines the bargaining power of the players at
the second stage, when the players have to negotiate the division of the surplus. The reason
is very intuitive: when a subject makes a general investment, this investment will be valu-
able outside the relationship; that is, the player can bargain with another potential partner.
Conversely, if he makes a specific investment, the player will be locked in the relationship
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because this kind of investment is not valuable outside. Therefore, in the former case, the
player has a high bargaining power, and in the latter case he has a low bargaining power.

In order to simplify the analysis, we suppose that after observing the realized surplus,
players bargain following an ultimatum game with the following characteristics depending
on the pair of current investments. If both players make a specific investment, they have
equal bargaining power; that is, both have equal probability of being the proposer. If one
player makes a specific investment and the other makes a general investment, we assume
that the latter has all the bargaining power; that is, he will be the proposer in the Ultimatum
game. Finally, if both players make a general investment, there is no negotiation, and both
receive a zero payoff.

2.2. Reciprocal fairness: inequity aversion

Standard economic theory assumes that all people are self-regarding in the sense that
they are motivated only by their own monetary payoff. This may be true of some people
but, obviously, it is not true of everybody. There are many well-controlled bilateral ex-
periments (i.e., ultimatum game, public goods provision, dictator gamgthat indicate
that a significant fraction of the subjects does not care about material payoffs but rather
relative payoffs. These experiments suggest that fairness and reciprocity motives affect the
behaviour of many people.

In this paper we use the model of Fehr and Schmidt. In particular, we assume that in the
population of short-lived players 2, in addition to purely self-interested people, there is a
fraction of people who are also motivated by inequity aversion. A person exhibits inequity
aversion if she dislikes being better off than relevant others and/or she dislikes being worse
off than relevant others. In other words, these persons are willing to give up some material
resources in order to reduce the inequity between them and relevant others, yet from several
psychological studies the willingness to pay for a reduction in disadvantageous inequity is,
in general, substantially higher than the willingness to pay for a reduction in advantageous
inequity. That is, the inequity aversion is asymmetric.

In this work, we will assume that there are heterogeneous preferences only on the popu-
lation of players 2. Let = (x1, x2) denote the vector of monetary payoffs for both players.
The utility function of player 2 is given by:

Uz(x) = x2 — amax{x1 — x2, 0} — Bmax{x2 — x1, O}, 8

where < o and 0< 8 < 1.

The second term in (1) measures the utility loss from disadvantageous inequity, while the
third term measures the loss from advantageous inequity. The assurfiptianimplies
that a player suffers more from inequity that is to her disadvantage.

In order to simplify the analysis we will assume that there are only two types of agents
in the population of players 2. We call selfish players those with § = 0 and strongly
inequity averse players those with 8) > 0.5. We also assume that the following condition
holds for the inequity averse players:

26 -1

=2

)
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This condition establishes an upper bound on the parametat is increasing with the
parametep. With this assumption we want to rule out non-realistic cases with extremely
high values ofx.

In each period there will be a proportiorp; of selfish players and, obviously, 4
p: of strongly inequity averse players. This distribution of preferences is endogenously
determined in our model by the education decisions made by the adult players 2. Our main
goal is to analyse the dynamic evolution of these preferences in the population and its
relation with the investment policies of the long-lived players.

2.3. Payoff functions and optimal strategies under complete information

Long-lived players 1 do not know the true type of player 2 with whom they are matched
in a periodt. However, we will assume that they know the preferences distribptionthe
population of players 2. Consequently, the optimal investment and bargaining strategies of
player 1 will depend on this distribution. Nevertheless, it is convenient to study the payoffs
and the strategies of both players, in case player 1 was sure of player 2's type.

Firstly, assume a player 1 is matched with a selfish player 2. According to conventional
game theory, if we solve the game describe8éttion 2.y backward induction, we find
that the players are facing the following simultaneous game in the first period:

S G
S Yv—c , Khv-c -c , v
y ., -c o . © (M.1)
where player 1 is the row-player and player 2 is the column-player. We will assume that
fu—c>0, (A1)
15—1u>0. (A.2)

With assumption (A.1) we rule out the less interesting case in which the cost of investment
is very high in relation to the low surplus Assumption (A.2) makes it easier to obtain
some results. Notice that under these two assumptions, (S, S) is the efficient allocation. Even
under these assumptions, game (M.1) has quite different strategic structures depending on
the particular relation between the parameters. Let us describe briefly all the possible cases,
which are characterized by three alternative conditions:

2c > %z_}—u> c, (C.1)
2c < %f} —n, (C.2)
%D—v_< c. (D)

Notice that under the conditiqid/2)v — 1. > ¢, the investment game (M.1) has the structure
of a coordination game with two Nash equilibria in pure strategies: (S, S) and (G, G), where

1 The experimental evidence in the ultimatum game shows that the paraniigiebetween 0 and 4 (see Fehr
and Schmidt).
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the first term in parentheses is the investment chosen by player 1 and the second term is the
investment chosen by player 2. As we can observe, (S, S) is the Pareto-dominant equilibrium
and (G, G) is an inefficient equilibrium. However, if condition (C.1) holds, the inefficient
equilibrium (G, G) is the risk dominant equilibriuntérsanyi and Selten (1988) In

this case, there would be a conflict between payoff-dominance and risk-dominance and,
therefore, there can potentially occur a coordination failure given that the less risky strategy
is to make a general investment. However, under condition (C.2), the payoff dominant
equilibrium (S, S) is also the risk-dominant equilibrium.

Lastly, under condition (D), the investment game (M.1) has the structure of a prisoner’s
dilemma where making a general investment is a dominant strategy for both players and
therefore, (G, G) is the unique Nash equilibrium.

Next, assume a player 1 is matched with probability one with a strongly inequity averse
player 2. Solving again the game by backward induction, we study first the negotiation
stage. If the inequity averse player 2 is the proposer in the ultimatum game, it is easy to
verify that it is a dominant strategy for her always to offer an equal split of the sutplus.
This offer will obviously be accepted by player 1. On the other hand, if player 1 is the
proposer, he cannot make too greedy an offer because it would be rejected by the inequity
averse responder. Thus, the optimal strategy is to offer a share of the surplus that makes
player 2 indifferent between accepting or rejecting. In order to calculate this acceptance
threshold“ of player 2, we equalize to zero the utility function (1) where, without loss of
generality, we have normalized the surplus to one. THus,«a(1 — 2t*) = 0. Therefore,

t*(@) = a/(1+ 2a). Note that this threshold is strictly less than one-half for any finiée

Summarising, player 1 offers the inequity averse pl&a proportiont® of the current
surplus and player 2 accepts, even though she gets a utility of zero. Backward induction
yields the following simultaneous game in the first stage:

S G
S | BA-1W+Yv—c , YV —c hv-c . Ky
G S S 6o -0

(M.2)

Note that under assumptions (A.1) and (A.2) it is a dominant strategy for player 1 to
make a specific investment, and under condition (C.1) as well as in the prisoner’s dilemma
case, it is a dominant strategy for the inequity averse player 2 to make a general in-
vestment. However, under condition (C.2), the inequity averse player 2 has no dominant
strategy.

The important feature in this case is that making a specific investment is a dominant
strategy for player 1, provided that he is facing an inequity averse player 2. The intu-
ition is quite straightforward: as strong inequity averse players are very generous pro-
posers, player 1 does not fear exploitation in the negotiation stage when he makes a specific
investment.

2 Notice that only if condition (C.1) holds, then making a general investment is the best reply if a player expects
that his opponent plays each strategy with equal probability.

3 The utility function (1) where the surplus is normalized to one and when player 2 makes an-ofte can
be written ad/, = (1 — 1) — B(1 — 21). If B > 0.5 this utility is strictly increasing ini for all r < 0.5.
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2.4. The cultural transmission of preferences

Preferences among short-lived agents are influenced by a socialization process. We will
draw from the model of cultural transmission of preferenceBisin and Verdier (1998)
Children acquire preferences through observation, imitation and learning of cultural models
prevailing in their social and cultural environment. First, offspring learn from their family
(vertical transmission), and second, offspring acquire preferences from the social environ-
ment (oblique transmission). A crucial assumption of the model is that parents care about
their children and want to maximize their child’'s well-being. Nevertheless, given that par-
ents do not know what is best for their child, they evaluate their child’s well-being through
their own preferences; that is, they use their own utility function. This particular form of
myopia, called imperfect empathy Bysin and Verdier (1998)mplies that parents always
try to socialize their children to their own preferences.

Let 7 e [0, 1] be the educational effort made by a parent of typéth i € {e, a}, where
e denotes selfish araldenotes strongly inequity averse. With probabititthe education
will be successful and the child adopts her parent’s preferences, but with probability 1
the education will not be successful and the child adopts the preferences of some other adult
she is randomly matched with.

Let P/ denote the probability that a child of a parent with preferendsssocialized
to preferenceg The socialization mechanism just introduced is then characterized by the
following transition probabilities:

PE=1+(1—1)ps, @)
PR =1-1)1A~- p), 4)
PR =1 4 (1 -1 (1~ py), ®)
P¥=1-1"p,. (6)

Given these transition probabilities it is easy to characterize the dynamic behavgur of
pir1=[p PP+ (1 — p) PR, (1)
Substituting (3)—(6) we obtain

Pis1=pr+pi(1— Pt)[ff - Tza]- (8)

3. Theeducation effort choice

Parents are altruistic and try to maximize their offspring’s welfare by transmitting the
more valuable preferences through education, but education effort involves some direct and
indirect costs: education is time-consuming, it conditions the parent’s choice of neighbour-
hood and school in order to affect the social-cultural environment where their children grow
up, and so on. LeE(z’) denote the cost of the education effeiti € {e, a}. While it is pos-
sible to obtain similar results with any increasing and convex cost function, we will assume,
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for simplicity, the following quadratic fornC(ri) = (7))2/2k, wherek > 0. Therefore, a
parent of type chooses the education effafte [0, 1] at timet, that maximizes
( i\2
Pt p)U" (111 + P (¢!, poU (0141 — 2—12 )

whereP are the transition probabilities ahdi’ is the utility to a parent with preferences
i if her child is of typej. Notice that the utilityU”/ depends om, 1, which denotes the
policy of the long-lived players in+ 1. This policy has two componen{s 1, on } where
the first component denotes the investment policy of the long-lived players and the second
denotes their negotiation policy. Itis assumed that parents have perfect foresight, equivalent
to rational expectations in this deterministic context. Namely, parents in pehiade an
expectation on the preferences distribution in the next peried, ptEJrl. As we will seein
the next section the policy of the long-lived players in periadl depends op,1. In this
paper we will analyze perfect foresight paths of preferences, thﬁE $,= pi+1. Hence,
parents kKnovws, 1.

According to the imperfect empathy notion a parent of typses her own utility function
in order to asses8. Thus, parents obtain a higher utility if their children share their
preferences. As a consequenté® > U®2andyU?@ > U3¢,

Maximizing (9) with respect ta’, i € {e, a} we get the following first order conditions:

dPii i’ N ” i
B P i (g, 4) + —(f 2D Ui g143) = . (10)
dt! k
Substituting (3)—(6), we obtain the optimal effort levels:
°(pr, 0141) = kAU (014.1) (L — po), (11)
%H(Pz, O14+1) = kAUa(Ut+1)Pz« (12)

Here AU*(0141) = U®01+1) — U(0111)) and AU (0141) = U (0141) — U(0141).
Thatis,AU' is the net gain from socializing your child to your own preferences. In order to
have interior solutions the paramekanust be chosen small enough so that in equilibrium
< 1.

Differentiation of the first order conditions with respecitoyields

d

ar(pr. o141) _ — —kAU*(0141) <O, (13)
dp:

4 Pe 0141 _ A p(0,,4) > O (14)
dp:

Note that the education effotf(-) of a selfish parent decreases with the proportion of
selfish individuals in the population. The reason is very intuitive: the lgigist the better
children are socialized to the selfish preferences in the social environment. On the contrary,
the educational effort chosen by the inequity averse playeté Pincreases witlp,; that is,
the greater the proportion of selfish players in the population, the bigger the socialization
effort of the former parents in order to offset the pressure of the environment if they want
their children to share their own preferences. In other words, oblique transmission acts as
a substitute for vertical transmissioBisin and Verdier (2000a,kkefer to this feature of
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educational effort as “the cultural substitution property.” It holds in our model because of
the particular cost function we have assumed. For example, if the cost function of any type
of parent depends not only anbut also negatively on the proportion of this type in the
population, this property will not hold and the result would change.

The other determinant of the optimal educational effort is the relative pefitsto a
parent of type from transmitting her own cultural traits, which depends on the paligy
of the long-lived players in the next period. The next section is devoted to the analysis of
the optimal policies of these latter players.

4. Theoptimal policy of infinitely-lived players

If an infinitely-lived player is the proposer in the negotiation stage, his optimal offer will
depend on the distribution of preferences in the population of players 2. Namely, if he offers
zero, only the selfish type of player 2 will accept. Therefore his expected payoff will be
(where we have normalized the surplus to one). However, if he offers the inequity averse
player’s acceptance threshafd> 0, both types of player 2 will accept, and player 1 will
get a payoff of - t*. Summarising, ifp; > 1— ¢ the infinitely-lived player 1 offers zero to
his opponent, and ip, < 1— %, he offers the acceptance thresh§ldrhatis,on € {0, r4}.

Player 1 has two kinds of policy or strategy in the repeated investment game®Let
be the G-pooling strategy consisting of making general investments in all periods. Also
assume rational expectations. In this case, if the inequity averse player 2 makes a specific
investment, the selfish player 1 will be the proposer and, as we have just obtained, he offers
either zero or the inequity averse players’ acceptance threshold. In both cases, the utility
to the inequity averse player isc. If instead the inequity averse player 2 makes a general
investment, her expected payoff is zero, so the inequity averse player 2 will make a general
investment when she anticipate€. As a consequence, if player 1 observes the specific
investment of his opponent, he will conclude that this decision comes from the selfish player
2, and he will offer zero to her, resulting in the latter expected payoff @fHowever, if
the selfish player 2 makes a general investment, she obtains a zero payoff; therefore, the
selfish player 2 makes a general investment too. Summarising, the expected payoff to a
selfish player 1 if he follows a G-pooling strategy is zero because both types of short-lived
players will reply with general investment.

Let o™ be the S-pooling strategy consisting of making specific investments in all periods.
Letus assume again that player 2 correctly anticipates this strategy. In this case, the minimum
payoff obtained by a selfish player 2 if she makes a specific investment is givép)y —
¢,* whereas if she makes a general investment, she obtains v. In the coordination case, that
is, if conditions (C.1) or (C.2) hold, a selfish player 2 will choose specific investment. On
the other hand, the payoff obtained by the inequity averse player 2 if she makes a specific
investment will bg1/4)v — ¢.% On the contrary, by making a general investment she obtains

4 Note that, with probability 1/2, player 1 is the proposer and his optimal offer is either zero or the inequity
averse player’s acceptance threshold and that, with probability 1/2, the selfish player 2 is the proposer and claims
all the surplus.

5 Recall that if she is the proposer, she offers half of the surplbat if she is the responder, irrespective of the
offer of player 1, she obtains a utility of zero.
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(1/2. Depending on conditions (C.1) or (C.2), the inequity averse player 2 makes general
investment or specific investment, respectively. Therefore, the expected payoff per period
for a long-lived player 1 if he follows an S-pooling strategy is given by

i (%5 — C> +1-p) (%u— C)
whenever condition (C.1) is satisfied and
)2 (%f)—c) +@-p) (%E—c), if pp>1—1¢°

Ps (%(1—t“)f)—c)+(l—p,) (%(1—t“)17+%1')—c>, if pp<1—1°

whenever condition (C.2) is satisfied.

It is straightforward to check that in all cases these payoffs are strictly positive. Con-
sequently, the optimal strategy of player 1 under condition (C.1) or (C.2) is the S-pooling
strategy. We summarise all the previous analysis in the following two results:

Resultl: Under condition (C.1) or (C.2) on the investment coordination game (M.1), the
long-lived player 1 always makes a specific investment (S-pooling strategy), the selfish type
of player 2 also makes a specific investment, and the inequity averse type of player 2 makes
a general investment under condition (C.1) and a specific investment under condition (C.2).

Result2: Under condition (C.1), the long-lived player 1 always offers zero if he is the
proposer. When condition (C.2) holds, player 1, as a proposer in the bargaining stage, either
offers zero ifp;, > 1 — t* or offers the threshold’ if p;, < 1 — %

If the investment game has the structure of a prisoner’s dilemma (condition (D)), then
if player 1 follows aG-pooling strategyhis expected payoff is zero. Instead, if player 1
follows anS-pooling strategyhis expected payoff will be,(—c) + (1— p,)((1/2)n—c¢), as
making a general investment is a dominant strategy for both types of player 2. Comparing
these payoffs, the optimal strategy of player 1 under condition (D) is:

e the S-pooling strategyS if p, < p' = ((1/2)—¢)/(1/2)n.
e the G-pooling strategy® if p; > p’ = ((1/2).— ¢)/(1/2)wn
It follows from all the previous results that the strategly= {o;, on}, Whereo; €

{0®, o5} andoy € {0, 19}, is a function ofp, (where the form of the function depends on
the case). Thus, from here an,can be replaced by, = o(p;).

5. Investment and preferencedistribution in thelong run

In this section we will characterise the steady states of the economy in all possible cases,
that is, depending on the particular structure of the investment game.

5.1. Case (C.1): an investment coordination game with a conflict between risk-dominance
and Pareto-efficiency

In this case, the selfish player 2 makes a specific investment while the inequity averse
player 2 makes a general investment. The long-lived player 1 makes a specific investment



122 G. Olcina, C. Pefiarrubia/J. of Economic Behavior & Org. 54 (2004) 111-132

and offers always zero at the negotiation stage. Therefore, the expectedqiglicy)is
fixed for all p,+1. We will denote this policy ag = {05, 0}.
The utilitiesU" are given by:

Uee — l_} —c, Uaa —

NI

v

SI Nl=

ved=1, U*=3ol—a-p)—c
Notice that in order to asses¥/ we use the imperfect empathy notion. That is, a parent
of typei evaluates her child’'s well-being using her own utility function. For instabée,
is the utility to an inequity averse parent if her child is selfish. The child makes a specific
investment and with probability one-half she will be the proposer in the bargaining stage
and will claim all the surplu$. Evaluating this payoff through the parent’s utility function,
the parent obtaing(1 — B). With probability one-half, the child acts as a responder in the
negotiation stage and receives a zero payoff. Evaluating this payoff through the parent’s
preferences, the parent obtainav. Consequently% v(l — a — B) — cis the utility to an
inequity averse parent if her child is selfish (notice that this quantity is negativessinge-
1). Therefore, the net gains from socialization are givem\yf = (1/2)v — ¢ — (1/2)v
andAU® = (1/2n— ((1/2)v(1 — a — B) — ¢).

The dynamic behaviour of the distribution of preferences in the population of the short-lived
players 2 is given by the equation in differences:

pry1 = pr + pi(L— p)[kAU(L — p;) — kAU py]. (15)

The next proposition characterises the globally stable steady state of the economy.

Proposition 1. Under(C.1) for all po € (0, 1), p; converges to=p = ((1/2)v — ¢ —
(1/2)w)/((1/2)v(x + B)), wherep is such that¢(p, 6) = t%(p, 6).

Proof. SeeAppendix Aavailable on Elsevier website. |

Therefore, the steady state of the society when there is a conflict between risk-dominance
and payoff-dominance in the investment coordination game is characterized, on the one
hand, by a heterogeneous stationary distribution of preferences in the population of short-lived
players and, on the other hand, by the following investment policies: the selfish players, that
is, player 1 and the selfish type of player 2, make a specific investment, and the inequity
averse player 2 makes a general investment. Recall that if we had assumed homogeneous
selfish preferences in the population, there may potentially occur a coordination failure
given that the less risky strategy is to make a general investment. By contrast, in the dy-
namic and heterogeneous preferences model we obtain a second-best result. Therefore, the
presence of a proportion of inequity averse agents in the population of players 2 yields a
significant improvement in efficiency.

The result that only the inequity averse player 2 makes a general investment may seem
paradoxical at first, but, in fact, it is rather intuitive. The presence of this type of player, who
always offers half of the surplus in the negotiation stage, provides strong incentives for the
selfish players (1 and 2) to make specific investments, but the presence of selfish long-lived
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players induces the inequity averse short-lived agent to make a general investment because
he anticipates that he will receive very greedy offers.

Under condition (C.1), the equilibrium fractigm of selfish individuals is always less
than one-half. This occurs becauaé/¢ > AU¢; inequity averse parents have stronger
incentives than selfish parents to transmit their preferences to their children. This steady state
proportionp is decreasing with the degree of inequity aversion (either the disadvantageous
inequity aversiorx or the advantageous inequity aversign The reason is very intuitive:
the greatew or 8, the greater the utility loss to an inequity averse parent if her child is selfish
and the greater the educational effort will be in order to avoid this; that is, the socialization
function t* shifts upwards for alp, but AU¢ is not affected. Therefore, the socialization
functionz® does not change. As a resutdiminishes. This has another implication: given
that the expected surplus for each match in the steady state #s (1 — p)u, the aggregate
efficiency of the economy diminishes. Paradoxically, the long-lived players 1 need, as we
have seen, the presence in the population of short-lived inequity averse potential partners
in order to have the right incentives to invest efficiently, but, nevertheless, they prefer the
lowest possible degree of inequity aversion in these partners.

The steady state proportigralso diminishes if the cost of the specific investment c or the
low surplus v increases (provided condition (C.1) still holds). In both casésincreases
and AU¢ decreases. As a consequence, forgnyhe optimal socialization functiott of
the inequity averse players shifts upwards and the corresponding funtfionthe selfish
type shifts downwards. Lastly, if the high surplusncreases, the optimal socialization
function of both types shifts upwards. However, it can be proved that the net effect is an
increment in the steady state proportipof selfish players.

5.2. Case (C.2): an investment coordination game without a conflict between
risk-dominance and Pareto-efficiency

In this case, both types of players 2 make specific investments and the long-lived player
1 follows an S-pooling strategy. Nevertheless, the negotiation strategy of player 1 depends
on the distribution of preferences in the population of players 2. Namedy, if > 1 — ¢,
the infinitely-lived player 1 offers zero to his opponent, angiif; < 1 — ¢, he offers
the acceptance threshatt Therefore, we will denote the policy of the long-lived players
int+1aso(p41) = 6 = {6°,0}if py1 > 1 — 1% ando(pip1) = o' = {05, 19} if
pir1 < 1 — 1% Consequently, the net gains from socializatidty’ will depend on the
expected distribution of preferences in the next pepj5+q.

o If pEr1> 11—

Uee — —c Uaa —

(4]
(4]

—C

1
4
30l—a—p) —c
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6 This kind of paradoxical result is also obtained Byhr and Schmidt (2000) a different model: a static
principal-agent model. The presence of fair principals induces the selfish agents to perform, and the presence of

selfish principals induces fair agents to defect under implicit contract because they are afraid of being cheated by
the selfish principals.
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Therefore AU¢ = (1/4)v andAU® = (1/2)v(a + B — (1/2)).
o If p£, <1—1¢°

Uee —
Uea —

v—c

(1l—p) —c

14+ —c U=

vt 30t —c U=

ENTEN
NIFE N

Therefore AU¢ = (1/4)v andAU* = (1/2)v(B — (1/2)).

The two possibilitiegatE+l >1-—1¢ andptE+l < 1-“lead to a two-branch dynamics:

P =p [+ JA = p)L =2+ Bpi], i pra> 11 (A

Pi+1 = Dt [1 + %kl_)(l —p)(1- 2,3[%)] o i pra <114 (B)

The equations come from (8) Bection 2.41n the “if” condition, pFH has been replaced

by p,+1 under the perfect foresight assumption. Notice that there is a discontinuity in
p=1—1*=(1+a)/(1+ 2x). To explain (A) and (B) as a single dynamics, suppose we
have a value fop,. How do we getp,1? First plugp; into the equation in (A) to get a
potential value fomp, 1. If this potentialp,, 1 satisfiesp;+1 > 1 — 1%, then itis a legitimate
value for p,11. Next plug p; into the equation in (B) to get another provisional value for
pi+1. If this p,,1 satisfiesp,11 < 1 — ¢4, itis a legitimate value fop, 1. These two steps

will yield either no value forp,11, a uniquep,1, or two values ofp,1.

It follows that there are three possibilities to consider in constructing a complete perfect
foresight patH po, p1, ..., ps, pr+1, ...}. Possibility (i): A perfect foresight path does not ex-
ist. Starting frompg, the dynamics may come to a stgpon the partial pathpo, p1, ..., p:}
for which (A) and (B) yield no value op, 1. The dynamics then breaks down; there is
no perfect foresight path. Possibility (ii): There is a unique perfect foresight path. Starting
from po, (A) and (B) may yield exactly ong;.1 for eachp,. Possibility (iii): There is more
than one perfect foresight path. Starting freg the dynamics may come to a stgpfor
which (A) and (B) both yield a value fgp, 1. Thus, two paths split off. Then there are at
least two perfect foresight paths, and there may be more since other splits may occur.

The phase diagram iRig. 1 shows which possibilities apply for Case (C.B)g. 1is
qualitatively correct for all admissible parameter values.

Notice thatpgis such thatFg(pg) = 1 — 1% and p, is such thatFa(ps) = 1 — 1% In
general, for any particular values of the parameters in case;v@.z always greater than
Pg, becauser > 0 (just compare the general formulas of dynamics (A) and (B)).

If pois in the interval (O,EB] it follows from inspection that a uniqug, path results
with p; converging top = 1/(28). If po is in the interval pg, p,) there is nop; and
thus no perfect foresight path. What happensggre [EA, 1)? We show formally in the
Appendix Athat for a subset of initial conditions in this interval the dynamics will eventually
reach the intervaIKB, EA) and therefore there will be no perfect foresight path, but for the
rest of initial conditions the dynamics will jump over the latter interval, landing in interval
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Fig. 1. Preferences dynamics in case (C.2).

(0, pg] and leading to a unique path that convergeg.t8ince the (A) and (B) branches do
not overlap, there is no possibility of more than one perfect foresight path for a given

The complete and formal analysis of these possibilities is relegated fpiendix A
The next proposition only states the major conclusion.

Proposition 2. In case(C.2)andC”(r) = 1/k > ((« + B)v)/6, a perfect foresight path
will exist for some initial valuepg and not for otherswWhen a perfect foresight path exists
it is unique with p, converging top = 1/(28) wherep is such that*(p, o’) = t*(p, o).

Proof. SeeAppendix Aavailable on Elsevier website. |

Therefore, the steady state of the economy when there is no conflict between risk- and
Pareto-dominance in the investment coordination game is characterized by the fact that all
players make specific investments. That is, there is no coordination failure and the first-best
result is achieved.

Regarding the preferences distribution in the population of players 2, notice that there
will be a greater fraction of selfish than inequity averse types in the population. This
occurs becaus&U¢ > AU“. That is, the incentives to socialize their offspring de-
rived from the benefits of transmitting their own preferences are greater for the selfish
parents. Nevertheless, in the steady state of the economy, the long-lived players follow
policy ¢’, implying that when they are proposers in the negotiation stage, they offer a
positive share of the surplu$. In other words, there is also efficiency in the negotiation
stage.

7 It easy to check that there will exist a perfect foresight path fopglif players 2 had backward looking
expectations, believing that the long-lived players 1 will follow today’s policy in the next period.
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5.3. Case (D): an investment game with the structure of a prisoner’s dilemma

In this case, the long-lived player 1 follows an S-pooling strategy,ifi < p’ =
((1/2)n——c¢)/(1/2)n. Otherwise, he follows a G-pooling strategy. Moreover, it is a dominant
strategy for both types of player 2 to make general investments. Notice that player 1 will
never act as a proposer. Therefore, we have only to take into account the investment policies
o> ando®.

Assume thapF, | < ((1/2)n.— ¢)/(1/2)w, the utilitiesU” are given by:

U=y yaa — %u
U= 3n U%¥=ul-p)
Therefore AU = (1/2vandAU* = (B — (1/2)).
Onthe other hand, whesf ; > ((1/2)u—c)/(1/2)v, itfollows thaty/®® = U2 = /32 =
U2 = 0. ObviouslyAU¢ = AU* = 0 and thereforer¢(p;, 0©) = t%(p;, ) = 0.
The two possibilitiespE , < p/ andptEJrl > p/, lead again to a two-branch dynamics:

t+1
Py = pi+ pi(L— plkzud — p)) — k(B — $)p].  if ppa < p/ (A)
pir1=pr. ifpy1>p (B)

where the “if” condition,p;i1 has been replaced by 1 under the perfect foresight as-
sumption. In the next proposition we characterise the steady states of the perfect foresight
paths of preferences in this system. Notice that 1/(28) is the preferences distribution

for which ¢(p, 05) = t%(p, 05).

Proposition 3. Under(D) andC”(r) = 1/k > (Bu)/3,

1. If p’ < p, whenevempg > p’, p; = po for all t.

2. If p” > p, wheneverpy < p/, p; converges tp = 1/(28) and whenevepgy > p/,
there exists @ € (p/, 1), such that forpg > p, p; = po for all t and for p such that
p' < po < p, p: either converges tp or remains in p for all t.

Proof. SeeAppendix Aavailable on Elsevier website. O

Hence, the steady state of the society when the investment game has the structure of a
prisoner’'s dilemma depends on the relationship between the parametand v andc,
which determines the values pfandp’, respectively.

Whenp' < pandpg > p/, the economy would remain locked in a very inefficient situ-
ation where all agents make general investments. The reason is that if the initial proportion
of selfish types in the population of players 2 is sufficiently high, the long-lived players 1
prefer to make general investments. If both types of short-lived agents expect that the pref-
erences distribution will not change in the next period and, therefore, expect the previously
mentioned policy of player 1, they will have no incentive at all to socialize their children,
so the preferences distribution will not change. This self-confirms the initial expectations.

Notice that in case 1 dProposition 3for pg < p/, there is not a perfect foresight path
of preferences. The reason is the following. When the expected preferences distribution for
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Fig. 2. Preferences dynamics in case (D) whér p.

the next period is smaller than, the long-lived player 1 is expected to follow an S-pooling
strategy and the proportion of selfish short-lived players increases over time. Eventually,
one generation will expect a next period preferences distribution greatep’tiEmerefore,

the expected policy of the long-lived player will be the G-pooling strategy, and parents will
not exert effort in socializing their children. As a consequence, the preference distribution
will not change (i.e.p;+1 = py), but this contradicts the initial expectation.

If players 2 had backward looking expectations, believing that the long-lived players 1
will follow today’s policy in the next period, then wheneysy < p’, the economy converges
toap, > p'. Thatis, the steady state is again a very inefficient situation where all agents
make general investmerits.

The phase diagram of the two-branch dynamics, whlen p, is shown inFig. 2

Notice thatp is suchthafa (p) = p'. If poisintheinterval (Op]it follows from inspec-
tion that a uniquey; path results wittp, converging tgp. Therefore when the proportion of
inequity averse players is high enough, the steady state of the economy is characterized by
the following investment policies: the long-lived player 1 makes a specific investment and
both types of player 2 make a general investment. Recall that with homogeneous selfish
preferences, under the same condition, the inefficient outcome, where every player makes
a general investment, will be the only possible result. By contrast, in the dynamic and
heterogeneous preferences model, a second-best result is achieved.

If po is in the interval p, 1), p, = po for all t. That is, the economy remains locked in
the inefficient situation where all agents make general investments. Howemgisiin the
interval (p/, 7], there are two perfect foresight paths; that is, we have two different equilibria
with self-fulfilling expectations since the (A) and (B) branches overlap. In thefinsath,
equation (B) holds. This means that all agents are “pessimistic” concerning the next period

8 Itis easy to check that all the other results of the paper hold with backward looking expectations.
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distribution of preferences, and they will have no incentives at all to socialize their children.
This in turn implies that the composition of the population of players 2 will not change
in the next period. This obviously self-confirms the initial expectations, and the society
will remain locked in at the inefficient result. In the second perfect foresight path, Eq. (A)
holds. Players 2 are “optimistic” and believe that in the next generation there will be enough
inequity averse players 2 so that they expect that players 1 will make specific investments.
Then, the socialization effort of inequity averse players would be stronger than the effort of

selfish players. When the proportipg is smaller tharp this socialization effort is strong
enough to shift the dynamics to a distributipnsmaller tharp’, which again self-confirms
the initial expectations. The economy will reach a second best scenario in which player 1
makes a specific investment. This result of multiplicity of perfect foresight path is quite
interesting, because it implies that there is room for exogenous shocks on the expectations
that will move the economy from an inefficient situation to a more efficient one.

The second best result is more likely whenever the distance between the low surplus
and the cost of specific investments sufficiently high. In particular, even for @ very
close to 1, we need that> 4c, and this critical value on this distance increases for smaller
B. In summary, in a society with a high aversion to the advantageous inequity and if the low
surplus is sufficiently high with respect tpthe economy will reach a second best result.

6. Conclusions

Most of the economic literature has assumed self-regarding preferences. Nevertheless,
there is substantial experimental evidence suggesting that fairness and reciprocity motives
affect the behaviour of many people (for example, on the hold up problent|kegsen
and Johannesson (2000 herefore, a more realistic assumption would be that preferences
in the population are heterogeneous. This paper, based on the evolutionary anthropology
and cultural transmission literature, goes beyond and concentrates on issues related to
the formation and stability of preferences in the population. Particularly, an overlapping
generation and random matching model has been postulated in order to provide a dynamic
analysis of the hold up problem.

We have shown that in the stable steady state of the economy there is a mixed distribu-
tion of preferences. The presence in the population of a significant fraction of individuals
with other-regarding preferences considerably alleviates post-contractual opportunism and
improves efficiency in investment decisions. Our framework also illustrates how some im-
portantfeatures of the steady state of the economy depend crucially on the particular strategic
structure adopted by the investment game, which in turn depends on the primitives of the
economy: high and low surplus and the cost of the investments.

Our paper is, certainly, only a first-step in the analysis of the hold up problem in a context
in which the distribution of preferences is determined endogenously, in particular, through
a cultural transmission process. There are several future extensions. The first one consists
of removing the extreme assumption of completely short-lived workers who only live as
adults for one period. That is, we will keep the distinction between more patient players
(firms) and less patient players (workers), but the latter will have a positive probability of
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playing the hold up game again. Moreover, in this new context, it seems natural to suppose
that firms have access to some imperfect information on the past performance of active
workers. Another possible future extension of our analysis is to allow for heterogeneous
preferences and cultural transmission on both sides: firms and workers.
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Appendix A
A.1. Proof of Proposition 1

Obviously,p = 0 andp = 1 are stationary states of (15), as well agpdhat solve
kAU®(1— p;) —kAU%p; = 0.
This equation has a unique solution
AU (/2 —c—(1/2v
AU¢ + AU 1/2v(a+p)

Next, we show thap = 0 andp = 1 are locally unstable. It is sufficient to prove that the
following conditions are verified:

p=

dpt+1| ot1o > 1 dpis1
—pt+1=
dp; =P dp;

We will denote p;,1 as F(p), suppressing the time subscripts. Therefore, we have the
dynamic behaviour of;:

F(p) = p+ p(1— p)[kAU°(1 — p) — kAU p].
We get that
F'(p) =1+ (1 —2p)[kAU°(1— p) — kAU*p] — p(1 — p)[kAU® + kAU?].

Ipt=pt+1=1 > 1.

EvaluatingF'(p) in the steady states = 0 andp = 1, we obtain that
F'(0) = 1+ kAU®
F'(1) = 1+ kAU”.

AskAU¢ > 0 andkAU“ > 0, thenF’(0) > 1 andF’(1) > 1.
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We turn now to the global stability gb. Assumep; > p, if p < pfﬂ < p; then,
°(p;, 6) < 1(py, 0). Therefore,ptEH = pir1 < pr. Assumep; < p, if p; < ptE+1 <p
then,z¢(p;, ) > ™(p;, 0). Therefore,pErl = ps+1 > p;. Evaluating'(p) in p we obtain

F'(p) =1- p(A— p)[kAU® + kAU“].

Denoter = ¢(p) = 1%(p) = k(AUCAU%/(AU® + AU%)), thenF'(p) = 1 — 7. As

T € (0,1), thenF’(p) € (0, 1). Given that theEqg. (15)is a polynomial of third degree
and thatF’(0) > 1, F'(1) > 1 andF’(p) € (0, 1) there are two possible situations. First,
F'(p) > Oforall p € (0,1). This is a sufficient condition for global stability because the
functionF(p) does not reach either a maximum or a minimum in (0,1). Alternativel{gyf
has interior maximum and minimun#;’(p) € (0, 1) implies thatp cannot be within the
maximum and the minimum. That ig,is either before the maximum or after the minimum.
In both cases, we obtain global stability.

A.2. Proof of Proposition 2

Dynamics A has an interior steady state- 1/(2(a+ 8)) and dynamics B has an interior
steady stat® = 1/(28). Notice thatp = 1/(28) > 1/2 becaus@ € (0.5,1); 1—¢* > 1/2
andp = 1/(2(x + B)) < 1/2 because > B.

Under assumption (2), them < 1 — t* and the dynamics of preferences has three rest
points:p = 0, p = 1 andp = p. Following the same arguments asRrnoposition 1 it

is easy to check thgt = 0 andp = 1 are unstable. Recall thEiB > 1 — % is such
that Fg(pg) = 1 —1“ andp, > 1 — 1“ is such thatFa(pa) = 1 — 1%. In general, for
any particular values of the parameters in case Ex2is always greater thapg because
a > 0. The existence and uniquenesggfand p, is shown below.
We first show that for alpg € (0, p ], there is a perfect foresight path of preferences
that converges to the steady state- 1/(28):
(&) Assumep; < p. If p; < ptE+l < P, the relevant dynamics is (B) and(p,, o) >
(ps, ). ThereforepE | = pii1 > p;.
(b) Assumep < p; < 1 -1t If p < ptE+l < p:, the relevant dynamics is (B) and
™°(pr, o) < t(ps, o). Thel’efOI’e!pF+1 = pi+1 < Ps
(c) Assume 1- 1* < p; < pg. If pi_l < 1 - ¢4, the relevant dynamics is (B) and
°(pr, 0') < 1%(ps, o). By definition of pg, p;+1 < 1 — 1%, and therefore we return to
case (b).
Next, we characterize the setC (FB, 1) such that for anyg € $2 there is convergence
to p = 1/(2B). Definep such thata (pi) = pg. Giventhatpg > 1—1%, thenp’ > pa.
For anypg € [EA, pal there is a perfect foresight path that convergep tdlotice that,

by construction, Fa (po) = p1 € [1 — 1, pg]. The perfect foresight path is the following:
in period: = 0, players 2 expegbs = Fa(po) > 1 — t*. Therefore, dynamics (A) holds
and the expectation is fulfilled. In periad= 1, players 2 expect, = Fg(p1) < 1 —1*
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(because; < ZB) and the expectation is fulfilled. From here on, dynamics (B) holds, and
the path converges o = 1/(28).

- - ) o2
Denotepp asp andpi aSp;f\l. We can apply recursively the operaféy; that is, pp

is such thatFa (Ei) = Ei andp}2 is such thatFa (p32) = pil, and so on. In this way, we
obtain a collection2 of closed intervals of preferences distributions such that if the initial
condition belongs to one of these intervals, there will be a preferences path that converges
to p = 1/(2B8). Obviously, this succession of closed intervals never reaphesl, as
Fa (1) = 1, but for anye > 0 sufficiently small, there will be a finiter®, such that there
are 'n” closed intervals as explained above in the interfﬁy (1—¢€). Obviously, for allpg
not included in this collection of closed intervals, there will be no perfect foresight path of
preferences.

A sufficient condition for global stability op is thatF (p) > 0 andFg(p) > 0 for all
p € (0,1). WhenC(z) is convex enough, in particulat’(t) = 1/k > ((« + B)v)/6 the
above sufficient condition holds. Notice also thg(p) > Oforall p € (0, 1), Fg(1—1%) <
1—t* and Fg(1) = 1, implying that there exists a uniqueB e (1 —1t%, 1), such that
Fs(pg) = 1 —1“. A similar argument applies fop , .

A.3. Proof of Proposition 3

1. We start by assuming thaf < p. If the initial proportion of selfish players in the
economy ispg > p’ andpE = po, players 1 are expected to follow a G-pooling strategy
andt®(po, 0©) = t%(po, 0©) = 0. Thereforep, = po for all t.

2. Now, we assume thgt < p’. Suppose thap, < p, if p; < pF+l < p player 1 follows
a S-pooling strategy and (p;, 0°) > t(p;, 0°) and thenpE, | = piy1 > pr.

Suppose nexp < p; < p/,if p < sz+1 < pi, T(pyr, 05) < (py, 05) and, as a result,
ptE+1 = pi+1 < p:- A sufficient condition for the stability op is that F, (p) > 0 for
all p € (0, p']. WhenC(z) is convex enough, in particulat’(r) = 1/k > (Bw)/3, this
sufficient condition holds.

If po > p/, then there exists a unique € (p', 1) such thatFa(p) = p’. This result
holds becaus&a (1) = 1, Fa(p') < p’ and, provided the above condition on the convexity
of C(r) is satisfied F, (p) > Oforp € (p', 1).

Assumepo > p, thenp, = po for all t for the same reasons as in case 1. Now, assume
P < po < p.Then ifp < pE < p/, °(po, 05 < %(po, o) and pf = p1 < p/,
and by definition ofp, this path of preferences convergesitcdHowever if pE = po, then
¢(po, 0©) = %(po, 0©) = 0 andp; = po for all t. Therefore, the claims made on (2) of
Proposition Follow.
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