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Abstract. This paper presents an overlapping generations model with cultural
transmission of preferences in an economy in which players face a hold up prob-
lem. One of the players, the firm, can use a testing technology which allows him
to imperfectly monitor his partner’s behaviour. This technology is completely use-
less with homogeneous preferences. We obtain that 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, with a good
testing technology, the steady state is characterized by the first-best result in the
investment decisions.
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1 Introduction

In many economic situations players have to choose thekind of investment to be
made, that is, its degree of relation-specificity. For instance, firms and workers
often invest in job-specific assets and job-related training whose returns are shared
through subsequent wage negotiations. If investments are not verifiable, so, non-
contractible, then both parties have to make independent and simultaneous decisions
between making a more specific (and costly) investment or a more general one,
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bearing the full costs of it in either case. This scenario generally results in a trade-
off: highly specific investments yield a larger surplus to be divided between the
partners but reduce the ex post bargaining position of the investor, provided his
partner has chosen a less specific type of investment. When this strategic situation
is played by selfish agents, under fairly general conditions, it results in a prisoner’s
dilemma game where the unique equilibrium is the inefficient outcome whereall
players make general investments. This inefficiency is caused by the fear of getting
locked in the relationship with a very weak bargaining position and being exploited
by the other party in the negotiation stage.

Undoubtedly, this hold up problem is highly influenced by the individuals’
preferences. In fact, the most common version of the hold up problem relies on
selfish or opportunistic behaviour on the side of both partners. But nowadays, there
is overwhelming evidence to indicate that preferences in the real-world populations
are heterogeneous with the presence of a significant proportion of selfish and other-
regarding preferences. However, even if one of the parties (say the worker) has
some kind of social preference, caring not only about his absolute payoff but also
about the payoff distribution, he will still choose an inefficient general investment.

The risk of the investors being held up has inspired much of modern contract
and organisation theory. Several remedies have been proposed and analyzed in
depth such as property rights allocation, the design of incomplete contracts, etc.
In this work we concentrate on a scenario in which it is not possible to write a
contract and there is no possible reallocation of property rights, but the firm faces a
possibly heterogeneous population of workers. We focus our attention on the role
of monitoring or testing by the firm, that is, the costly acquisition of information
about the partner’s activity.

The paradox with monitoring is that it is a well-known method for improving
efficiency in real-world economic relations and consequently, it is widely used.
Firms usually hire new workers on trial for a few months or, in other cases, firms
set an entrance or aptitude test that aims to ensure the worker has the essential
qualifications for the post. Monitoring is probably more important in practice than
designing contracts carefully, but paradoxically, research has neglected it.

Probably, one reason for this neglect is that, from a theoretical point of view,
monitoring seems useless unless we assume the possibility of commitments by
the firm. Assume imperfect monitoring. Namely, the firm can acquire a testing
technology that allows him to know with a certain probabilityγ if the worker has
made a general investment, in other words, she has not acquired the specific skills
required for efficiency. Imperfect monitoring refines the firm’s information but not
all the way to a singleton.

Nevertheless, if the firm cannot commit to any announced strategy conditional
on the information provided by the test, the testing technology is completely useless
because it is not subgame perfect to use the information it provides. For instance,
assume that the firm announces that he will invest in specific assets if the test
does not reveal a general investment of the worker, otherwise, he will make a
general investment himself. The best reply of a selfish worker if she believes the
announcement and provided the test is accurate enough (γ is high enough) is to
make the efficient investment. But if the firm is not committed to his announced
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policy and still maintains his strategic freedom, he will choose not to fulfil his
promise and will make a general investment. Obviously, this will be anticipated by
the worker who will not make specific investment in the first place. Unfortunately,
if the structure of the investment game is a prisoners’ dilemma, the same problem
appears even though the worker has some kind of publicly known social preferences.
Nevertheless, there is a difference now with respect to the previous case, because
whereas the worker again makes a general investment because he does not believe
any announcement, the firm might prefer to invest in specific assets anticipating
a fair attitude of his partner in the negotiation stage. This suggests that with an
appropriate heterogeneous distribution of preferences in the worker population and
with incomplete information of the firm, a sufficiently effective testing technology
can succeed in enhancing efficiency in the investment decisions of all the agents.
However, to assume a particular heterogeneous distribution would be as ad-hoc
as the usual assumption of a completely homogeneous preferences distribution.
Instead of that, we work with a dynamic model of purposeful and costly cultural
transmission of preferences where the distribution of preferences in the population,
the monitoring and the investment and bargaining policies in the long run are
determined endogenously and simultaneously.

More precisely, in our model a population of infinitely-lived firms with homo-
geneous selfish preferences is pair-wise matched at each period with an equal size
population of short-lived workers with heterogeneous preferences. Any short-lived
player lives for two periods in an overlapping generations situation. In the second
period, as an adult, each one plays an investment game such as the one previously
described. A firm has the option of carrying out a testing activity that allows him
to know with probabilityγ if a worker has made a general investment. We also
assume that a firm cannot previously commit to following a particular policy. In
this second period, a worker also has a descendant and makes a costly decision on
educational effort to try to transmit her own preferences. With a probability equal
to this educational effort level, the education will be successful and the child will
adopt her parent’s preferences. Otherwise, the child will adopt the preferences of
someone in the adult population with whom she is faced randomly. The profits de-
rived from transmitting their own preferences depend on the parents’ expectations
about the firms’ investment and negotiation policy.

Our main result is that when a good testing technology is available and there is a
non-negligible initial proportion of other-regarding workers, the first best outcome,
where all players make specific investments, is achieved in the stable steady state
of the economy. In this steady state there is a mixed distribution of preferences
where both selfish and other-regarding preferences are present in the population.
The optimal strategy of a firm consists of acquiring the technology, making a general
investment when he observes a general investment and making a specific investment
otherwise. Given that the probability of discovering when a worker makes general
investments is high enough, both types of worker have the right incentives to make
specific investments. Therefore, the firm never observes a general investment and
according to the above policy he also makes a specific investment. It turns out
that this is his best reply given that there are enough other-regarding workers in
the population. That is, the presence of a non-negligible proportion of this kind
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of worker in the initial condition of the dynamics makes the use of the testing
technology by the firms credible and enhances efficiency. The basin of attraction
of this steady state is greater whenever the severity of the prisoners’ dilemma
diminishes, that is whenever the net gain from defecting when your partner makes
a specific investment diminishes. If the firm could previously commit to following
a particular policy the result would be even stronger because the first best would
be achieved forall initial distribution of preferences.

There are few works related to our paper. Besides the work of Bisin and Verdier
on cultural transmission, Hauk and Saez (2002) present a model on corruption in the
framework of an overlapping generations model with intergenerational transmission
of preferences. They borrow a simple principal-agent model from Tirole (1996) and
assume imperfect observability of the workers’ type. There is also a related paper
(Olcina and Pe˜narrubia (2004)) in which we have analyzed the hold up problem
under different structures of the investment game without monitoring. In this current
work we concentrate on the more inefficient situation, in which the game has the
structure of a prisoner’s dilemma and making a general investment is a dominant
strategy. In this context we study whether imperfect monitoring can improve the
result.

There is a recent evolutionary analysis on hold up. Ellingsen and Robles (2002)
and Tröger (2002) have shown that when only one party makes a specific invest-
ment, followed by play of the Nash demand game, then all stochastically stable
equilibria are efficient. Therefore, it would seem that evolution “solves” the hold
up problem. However, Dawid and MacLeod (2001) show that these results do no
extend to the case in which both parties can make relation-specific investments.
On the contrary, our analysis shows that cultural transmission of preferences and
imperfect monitoring can solve the hold up problem even in the latter case.

This paper is organized as follows. Section 2 introduces the model, describing
the hold up game, the particular other-regarding preferences we assume: inequity
aversion, and the mechanism of cultural transmission of preferences. In Section 3
we characterise the optimal strategies on investment and bargaining of both play-
ers. Section 4 presents the main results characterizing the steady state policies
(investment and bargaining) and the distribution of preferences with a good testing
technology. Finally, Section 5 concludes.

2 The model

We consider a dynamic random matching model where an infinitely-lived player 1
(say a firm) is matched, at each period, with a short-lived player 2 (say a worker),
who only lives two periods1.

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 and in the second
period, when she is an adult, is matched with a long-lived player 1, playing an

1 Notice that because of random rematching reputation building is impossible for the infinitely-lived
player. Alternatively, we could have assumed that firms are also short-lived.
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investment game 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 of players 2 remains constant.

2.1 The hold up game

A long-lived player 1 and an adult short-lived player 2 are randomly paired in any
one period and play the following sequential game. In a first stage, each player
has to decide whether to make a specific investment(S) or a general investment
(G) with the following timing. Firstly, player 1 has the option of acquiring a testing
technology at a fixed costε which allows him to know with probabilityγ if player 2
has made a general investment. But, with probability1 − γ the test provides no
information at all. Notice that if player 2 makes a specific investment the test will
again not yield any additional information. If player 1 has not bought the testing
technology, then both players make theirs investment decisions simultaneously.
But if player 1 has acquired the technology, he can condition his decision on the
result of the test or alternatively he can ignore the information provided by the
test. Note that in the latter case the players’ decisions are again simultaneous in
essence. We will assume that specific investment entails a higher individual cost
than general investment. In particular, letc > 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, which
has to be divided between them at a second stage. That is, if both players make
specific investments, the highest surplusν̄ is obtained. If one of them makes a
specific investment and the other makes a general investment, then they get a smaller
but positive surplusν. And finally, if both players make a general investment they
get the lowest possible surplus, which we normalise to zero. We will assumeν̄ >
ν > c > 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 observed surplus. The reason is very intuitive: when a subject makes a
general investment, this investment will be valuable 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 because this kind
of investment is not valuable outside. Therefore, in the former case, the player has
high bargaining power and in the latter case he has low bargaining power.2

In order to simplify the analysis, we suppose that, after observing the realized
surplus, players bargain following an ultimatum game with the following character-
istics depending on the pair of current investments. If both players make a specific
investment, they have equal bargaining power, that is, they get to be the proposer
with equal probability. If one player makes a specific investment and the other
makes a general investment, we assume that the latter has all the bargaining power,

2 We formally show this result in a general bargaining model in Olcina and Pe˜narrubia (2002).
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that is, he will be the proposer in the ultimatum game. And finally, if both players
make a general investment, there is no negotiation and both get a zero payoff.

Assume that all players are risk-neutral. If we solve the game by backward
induction, we find that the players are facing the following simultaneous game
when they make their investment decisions:

S G

S
1
2
ν̄ − c ,

1
2
ν̄ − c −c , ν

G ν ,−c 0 , 0

(M.1)

where player 1 is the row-player and player 2 is the column-player. We will assume
that:

1
2
ν − c > 0 (A.1)

1
2
ν̄ − ν > 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 surplusν. Assumption (A.2) makes
it easier to obtain some results. Notice that, under these two assumptions,(S, S) is
the efficient allocation. Let us also establish the following condition:

1
2
ν̄ − ν < c (A.3)

Under this condition, 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 so(G,G) is the unique Nash equilibrium (the inefficient outcome).3

Notice that the testing activity is useless and consequently, player 1 will not
acquire the testing technology. For instance, if player 1 could commit to the fol-
lowing strategy: making a general investment if the test reveals that player 2 has
made a general investment and making a specific investment if the test does not
provide additional information, then, providedγ is high enough, player 2 would
make a specific investment. But, if player 1 has strategic freedom at this point in
the game, he will make a general investment, not fulfilling his announced policy.
As we assume that commitment is not possible, any announcement by the firm
regarding this policy will not be credible because making a general investment is
his dominant strategy irrespective of the result of the test.

3 If condition (A.3) does not hold, then the game has the structure of a coordination game where both
players making specific investments also constitutes a Nash equilibrium. In this paper we concentrate
on the case in which making specific investments is not a Nash equilibrium when the game is played by
selfish players.
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2.2 Reciprocal fairness: inequity aversion

Most of the economic literature has assumed self-regarding preferences. Neverthe-
less, there is substantial experimental evidence to suggest that fairness and reci-
procity motives affect the behaviour of many people. Therefore, a more realistic
assumption would be that preferences in the population are heterogeneous.

We assume heterogeneous preferences only in the population of players 2; all
players 1 are selfish. The distribution of preferences in each period is endogenously
determined in our model by the decisions made by the adult players 2. In particular,
there is a proportionpt of self-interested agents in periodt who are motivated
exclusively by their own monetary payoff and a proportion1−pt of agents motivated
by inequity aversion in the sense of Ferh and Schmidt (1999). These agents are
willing to give up some material payoff to move in the direction of more equitable
outcomes.

Namely,x = (x1, x2) denotes the vector of monetary payoffs for both players,
then, the utility function of player 2 is given by:

U2 (x) = x2 − αmax {x1 − x2, 0} − β max {x2 − x1, 0} , (1)

whereβ ≤ α and 0 ≤ β < 1.

The second term in (1) measures the utility loss from disadvantageous inequity,
while the third term measures the utility loss from advantageous inequity. The
assumptionβ ≤ α implies that a player suffers more from inequity, which is to her
disadvantage, that is, the inequity aversion is asymmetric.

We call selfish players those withα = β = 0 and strongly inequity averse
players those withα, β > 0.5. We also assume that the following condition holds
for the inequity averse players:

α ≤ 2β − 1
2(1 − β)

. (2)

This condition establishes an upper bound on parameterα, which is increasing
with parameterβ. With this assumption we want to rule out non-realistic cases
with extremely high values ofα.4

Long-lived players 1 do not know the true type of the player 2 with whom they
are matched in a periodt. However, we will assume that they know the preferences
distributionpt in the 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 knew for sure player 2’s type. We have already analysed in the previous
section the case in which a player 1 is matched with a selfish player 2.

Let us now assume that 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 gets to be the
proposer in the ultimatum game it is easy to verify that it is a dominant strategy

4 The experimental evidence in the ultimatum game shows that the parameterα lies between 0 and
4 (see Fehr and Schmidt, 1999).
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for her to always offer an equal split of the surplus.5 This offer will obviously be
accepted by player 1. On the other hand, if player 1 gets to be the proposer his
optimal strategy is to offer a share of the surplus which makes player 2 indifferent
between accepting or rejecting. In order to calculate this acceptance thresholdta

of player 2, we equalize the utility function (1) to zero where, without loss of
generality, we have normalized the surplus to one. Thus,ta − α(1 − 2ta) = 0.
Therefore,ta(α) = α/(1 + 2α). Note that this thresholdta is increasing inα and
strictly less than one-half for any finiteα.

Summarising, player 1 offers the inequity averse player 2 a proportionta of the
current surplus and player 2 accepts, although she gets a utility of zero. Backward
induction yields the following game when they make their investment decisions:

S G

S
1
2
(1 − ta)ν̄ +

1
4
ν̄ − c ,

1
4
ν̄ − c

1
2
ν − c ,

1
2
ν

G (1 − ta)ν , −c 0 , 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 (A.3) it is a dominant strategy
for the inequity averse player 2 to make a general investment.

The important feature in this case is that making a specific investment is a
dominant strategy for player 1, provided he is facing an inequity averse player 2.
The intuition is quite straightforward: as strongly inequity averse players are very
generous proposers, player 1 does not fear being exploited in the negotiation stage
when he makes a specific investment.

Notice again, that the testing activity is useless because if player 1 knows
that player 2 is inequity averse, then his dominant strategy is to make a specific
investment irrespective of the result of the test. Consequently, player 1 will not
acquire the testing technology and the first best in the investment decisions will not
be obtained.

Summarising, when player 1 knows the true type of player 2, the testing activity
is useless in order to improve the efficiency.

2.3 The socialization process and the optimal education effort

Preferences among players 2 are influenced by a purposeful and costly socialization
process. In particular, we will draw from the model of cultural transmission of
preferences of Bisin and Verdier (1998, 2001).

Letτ i ∈ [0, 1] be the educational effort made by a parent of typeiwith i ∈ {e, a}
wheree denotes selfish anda denotes strongly inequity averse. With probabilityτ i

the education will be successful and the child will adopt her parent’s preferences

5 Normalizing the surplus to one, the utility function (1) when player 2 makes an offert ≤ 0.5 can
be written asU2 = (1− t)−β(1−2t). If β > 0.5 this utility is strictly increasing int for all t ≤ 0.5.
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(vertical transmission). But with probability1 − τ i the education will not be suc-
cessful and the child will adopt the preferences of some other adult she is randomly
matched with (oblique transmission).

Let P ij denote the probability that a child of a parent with preferencesi is
socialized to preferencesj. The socialization mechanism just introduced is thus
characterized by the following transition probabilities:

P ee
t = τe

t + (1 − τe
t )pt (3)

P ea
t = (1 − τe

t )(1 − pt) (4)

P aa
t = τa

t + (1 − τa
t )(1 − pt) (5)

P ae
t = (1 − τa

t )pt (6)

Given these transition probabilities it is easy to characterize the dynamic behaviour
of pt:

pt+1 = ptP
ee
t + (1 − pt)P ae

t (7)

Substituting (3) to (6) we obtain:

pt+1 = pt + pt(1 − pt)[τe
t − τa

t ] (8)

Notice that this cultural transmission mechanism combines direct purposeful
transmission with conformist transmission. Direct transmission is justified because
parents are altruistic towards their children. But, an important feature is that they
have some kind of imperfect altruism: their socialization decisions are not based on
the purely material payoff expected for their children but on the payoff as perceived
by their parents according to their own preferences. This particular form of myopia
is calledimperfect empathy. Direct transmission is also costly. LetC(τ i) denote
the cost of the education effortτ i, i ∈ {e, a}. While it is possible to obtain similar
results with any increasing and convex cost function we will assume, for simplicity,
the following quadratic formC(τ i) = (τ i)2/2k wherek > 0. Therefore, a parent
of typei chooses the education effortτ i ∈ [0, 1] at timet, which maximizes:

P ii
t (τ i, pt)U ii(σE

t+1) + P ij
t (τ i, pt)U ij(σE

t+1) − (τ i)2/2k (9)

whereP ij are the transition probabilities andU ij is the utility to a parent with
preferencesi if her child is of typej. Notice that the utilityU ij depends onσE

t+1,
which denotes the expectation about the policy of the long-lived players for period
t+ 1. In this work we will assume that parents have adaptive or backward looking
expectations, believing that the long-lived player 1 will follow today’s policy in the
next period, that is,σE

t+1 = σt.6

According to the notion of imperfect empathy, in order to assessU ij a parent
of typei uses her own utility function. Thus, parents obtain a higher utility if their
children share their preferences. As a consequence,Uee ≥ Uea andUaa ≥ Uae.

6 Another alternative assumption would be that parents have rational or forward looking expectations.
The results in this case are very similar to those obtained in this paper, except for some initial conditions
there is multiplicity of equilibria in the dynamics of preferences.
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The solution of the socialization problem is the following optimal education
effort levels:

τ̂e(pt, σt) = k∆Ue(σt)(1 − pt) (10)

τ̂a(pt, σt) = k∆Ua(σt)pt (11)

Here∆Ue(σt) = Uee(σt) − Uea(σt) and∆Ua(σt) = Uaa(σt) − Uae(σt). That
is,∆U i is the net gain from socializing your child to your own preferences. In order
to have interior solutions the parameterk must be chosen small enough so that in
equilibriumτ i < 1.

Differentiation of the first order conditions with respect topt yields:

dτe (pt, σt)
dpt

= −k∆Ue(σt) < 0 (12)

dτa (pt, σt)
dpt

= k∆Ua(σt) > 0 (13)

Note that the educational effortτ i(·) of a parent of typei decreases with the pro-
portion of individuals of typei in the population. The reason is very intuitive: the
larger this proportion is, the better children are socialized to these preferences in
the social environment. In other words,oblique transmissionacts as a substitute
for vertical transmission.7

The other determinant of the optimal educational effort is the relative profit
∆U i to a parent of typei from transmitting her own cultural traits, which depends
on the policy of the long-lived player in the next period which she expects will be
the same as in periodt. The next section analyses the players’ strategies in each
period.

3 The optimal negotiation and investment policies

In this section we characterize the Perfect Bayesian Equilibria of the sequential
game played in each period. Recall that player 1 chooses firstly whether to acquire
the testing technology or not, and then both players play the investment game.
Finally, after observing the realized surplus they negotiate how to share it.

Therefore, the policy of player 1 has three componentsσt = {σ(x), σI , σN},
wherex ∈ {T,NT} denotes the decision to acquire the testing technology(T )
or not to acquire it(NT ), σI denotes the investment policy andσN denotes the
negotiation policy.

3.1 The negotiation subgames

In Section 2 we characterized the optimal negotiation policy of both types of
player 2. Let us next analyse the optimal negotiation policy of player 1 when he
becomes the proposer in the ultimatum game.8

7 Bisin and Verdier (2001) refer to this feature of educational effort as “the cultural substitution
property”.

8 Obviously, if player 1 is the responder his optimal strategy is to accept any offer.
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Player 1 only knows the proportion of each type of player 2 in the population
but he does not know the type of the particular player 2 with whom he is matched.
Nevertheless, in some cases, the particular realized surplus can also change his
beliefs about his opponent’s type. We will denote byµt the updated probability
which player 1 assigns to player 2 being a selfish player after observing the realized
surplus in periodt. That is,µt = prob(2e|vt). This implies that if he gets to be
the proposer in the negotiation stage, his optimal offer will depend on his beliefs
µt. If player 1 offers zero, only the selfish type of player 2 will accept. Therefore
his expected payoff will beµt (where we have normalised the surplus to one).
Nevertheless, if he offers the inequity averse players’ acceptance thresholdta > 0,
both types of player 2 will accept and player 1 will get a payoff of1 − ta. The
following lemma summarises this result.

Lemma 1. If µt ≥ 1 − ta player 1 offers zero to his opponent and ifµt < 1 − ta

he offers the acceptance thresholdta.

We will denote these negotiation policies of player 1 as a proposer byσN ∈
{0, ta}. Let us analyse next the investment subgames.

3.2 The investment subgame without testing technology

The following lemma characterizes the unique Perfect Bayesian Equilibrium of the
subgame that starts with player 1 deciding not to acquire the testing technology.

Lemma 2. Assume that conditions (A.1), (A.2) and (A.3) hold, player 1 playsS if
pt ≤ p′ = ( 1

2ν − c)/ 1
2ν and playsG if pt > p′ = ( 1

2ν − c)/ 1
2ν and both types of

player 2 playG.

Proof. See appendix. 	

The intuition for this result is quite simple: irrespective of the policy followed

by player 1, the best reply of both types of player 2 is always to make a general
investment. Given that the inequity averse players 2 are very generous when they are
proposers in the negotiation stage, player 1 will prefer to make a specific investment
when their proportion in the population is high enough.

3.3 The investment subgame with testing technology

Alternatively, as we have indicated before, player 1 can acquire and carry out a
testing technology which allows him to know with probabilityγ if player 2 has
made a general investment. Therefore, player 1 has two possible strategies in which
he uses the information provided by the test:σB consisting of making a specific
investment when he observes a general investment and making a general investment
otherwise andσA consisting of making a general investment when he observes a
general investment and making specific investment otherwise.

Note also that, in this case, player 1 has another option: to buy the testing tech-
nology but not to use it. This implies that the equilibrium established in Lemma 2



278 G. Olcina, C. Pe˜narrubia

also exists in the subgame after acquiring the testing technology: player 1 ignores
the information provided by the test and makes a specific or a general investment
depending on the distributionp being smaller or greater thanp′ and both types of
player 2 make a general investment.

However, there is another equilibrium in which the testing technology is used
and all players make specific investments. This equilibrium exists when the testing
technology is good enough and there is a non-negligible proportion of inequity
averse players in the population, that is,γ is greater than a particular value andp
is smaller than a critical value. Moreover, player 1 obtains a higher payoff in this
equilibrium than in any equilibrium without using the testing technology. Let us
next show the existence and characterization of this equilibrium.

First, observe that the strategyσB cannot be part of an equilibrium. It is easy to
check that the best reply of both types of player 2 is to make a general investment.
As such, the payoff of player 1 ifσB is followed is the same payoff he would obtain
by always making a specific investment but multiplied by the factorγ. If this payoff
is positive and asγ < 1, it will be better for player 1 to ignore the information
of the test and always make a specific investment. And if this payoff is negative,
then it is better for him to always make a general investment ignoring again the
information of the test. Therefore, the strategyσB is always dominated either by
always making a specific investment or a general investment.

Suppose now that player 1 carries out the testing activity and follows the strategy
σA. It is easy to check that given this policy, there are some critical values ofγ such
that the best reply of both types of player 2 is to make a specific investment.

Lemma 3. Suppose that player 1 follows the strategyσA then,

(i) Whenµt ≥ 1 − ta the selfish player 2 playsS if γ ≥ γ̄ = (ν − ( 1
2 ν̄ − c))/ν.

(ii) Whenµt < 1−ta the selfish player 2 playsγ ≥ γ′ = (ν−( 1
2 (1+ta)ν̄−c))/ν.

(iii) The inequity averse player 2 playsS if γ ≥ γ̂ = (ν − ( 1
2 ν̄ − 2c))/ν, where

γ′ < γ̄ < γ̂.

Proof. See appendix. 	

It is straightforward to check that forγ < γ̂, either both types of player 2 make

a general investment or the selfish player 2 makes a specific investment and the
inequity averse player 2 makes a general investment. In the former case the payoff
obtained by player 1 withσA is the same as the one he would obtain by always
making a specific investment but multiplied by1−γ. Therefore, a similar argument
as the one used with the strategyσB shows thatσA is not a best reply for player 1. In
the latter case where only the inequity averse player 2 makes a general investment,
it is not credible that player 1 will make a general investment after observing a
general investment. In summary, forγ < γ̂, σA is not a best reply for player 1.

But for γ ≥ γ̂ both types of player 2 make specific investments. The following
lemma establishes the existence of a critical value ofp such that forp ≤ pc, σA is
the best reply for player 1.

Lemma 4. Assume that conditions (A.1), (A.2) and (A.3) hold, then ifγ ≥ γ̂, there
existspc > p′ such that wheneverpt ≤ pc player 1 playsσA and both types of
player 2 playS.
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Proof. See appendix. 	

We are now ready to obtain the Perfect Bayesian Equilibria of the whole game.

We would restrict our attention to the interesting case in whichγ ≥ γ̂. Forpt > pc

in both investment subgames there is a unique equilibrium continuation in which all
players make general investments. Obviously, given that acquiring the technology is
costly, the unique Perfect Bayesian Equilibrium of the whole game would consist of
not acquiring the technology and all players making a general investment. But, for
pt ≤ pc, there are two Perfect Bayesian Equilibria of the whole game because there
are two possible equilibrium continuations in the subgame reached after buying
the technology. In one of them, both types of player 2 plan to make a general
investment after player 1 has bought the technology because they believe that he
is not going to use the information provided by the test. Then, player 1 does not
buy the testing technology because its acquisition is costly. In the other Perfect
Bayesian equilibrium, both types of player 2 plan to make a specific investment
because they believe that player 1 after buying the test will play the strategyσA.
Notice that the payoff obtained by player 1 in the latter equilibrium is greater than
in any other equilibrium. Therefore, it is not reasonable at all to expect that player 1
has bought the technology with the intention of not using it because he can get the
same payoff without acquiring it and thus, saving the cost of the technology. More
formally, the first equilibrium will not survive any minimal refinement requirement
(such as, for instance, the intuitive criterion).

Corollary. If γ ≥ γ̂ the solution of the whole game is,

(i) If pt > pc player 1 does not acquire the testing technology and all players play
G.

(ii) If pt ≤ pc player 1 acquires the testing technology, plays the strategyσA and
both types of player 2 playS.

When the testing technology is good enough (i.e.,γ ≥ γ̂) both types of player 2
have the right incentives to invest making specific investments (there exists a high
probability of being discovered if they make general investments). However, if
player 1 cannot previously commit to any testing policy, he will only apply the
strategyσA if the proportion of selfish players 2 in the population is smaller than a
critical valuepc. How big the valuepc is depends on how severe the social dilemma
involved in the prisoner’s dilemma structure of the investment game is.

A measure of the severity of the social dilemma isD = ν − ( 1
2 ν̄ − c), that is,

the net gain from defecting when your partner makes a specific investment. In a
prisoner’s dilemma,D is always positive. When the prisoner’s dilemma is not so
severe, in particular,D ≤ D = ta(ν − 1

4 ν̄), thenpc = p′′ = ( 1
4 ν̄ − c)/(ν − 1

4 ν̄)
which is greater than1 − ta. And, whenD > D = ta(ν − 1

4 ν̄), thenpc = p′′′ =
((1 − ta)( 1

2 ν̄ − ν) + 1
4 ν̄ − c)/ 1

4 ν̄ which is smaller than1 − ta.
On the other hand when the testing technology is not good enough (i.e.,γ <

γ̂) player 1 will never acquire in equilibrium the testing technology. Therefore,
the results in this case are the same as those obtained without testing technology
established in Lemma 2 (see also Olcina and Pe˜narrubia, 2004).
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4 Investment and the long-run pattern of preferences

Suppose that a good testing technology is available in the society in the sense
thatγ ≥ γ̂. In this case, as we have established in Lemma 4, wheneverpt ≤ pc

player 1 uses the testing technology and follows the strategyσA. Moreover, both
types of player 2 will reply making specific investments. Hence, after observing the
realized surplus̄ν player 1 will not update his priorpt, that is,µt = pt. Therefore,
if pt ≥ 1 − ta player 1 offers zero to his opponent and ifpt < 1 − ta, he offers the
acceptance thresholdta. We will denote the policy of the long-lived players int as
σ(pt) = σ̂ = (σA, 0) if pt ≥ 1− ta andσ(pt) = σ′ = (σA, t

a) if pt < 1− ta. The
utilities U ij and the net gains for parents of transmitting their own preferences are
given by:
· if pt < 1 − ta

Uee =
1
2
ν̄(1 + ta) − c Uaa =

1
4
ν̄ − c

Uea =
1
2
taν̄ +

1
4
ν̄ − c Uae =

1
2
ν̄(1 − β) − c

Therefore,∆Ue = 1
4 ν̄ and∆Ua = 1

2 ν̄(β − 1
2 ).

· if pt ≥ 1 − ta

Uee =
1
2
ν̄ − c Uaa =

1
4
ν̄ − c

Uea =
1
4
ν̄ − c Uae =

1
2
ν̄(1 − α − β) − c

Therefore,∆Ue = 1
4 ν̄ and∆Ua = 1

2 ν̄(α + β − 1
2 ).

Notice that in order to assessU ij we use the imperfect empathy notion. That
is, a parent of typei evaluates her child’s well-being using her own utility function.
For instance, whenpt ≥ 1 − ta, Uae is the utility to an inequity averse parent if
her child is selfish. The child will make a specific investment and with probability
one-half she will be the proposer in the bargaining stage and will claim all the
surplusν̄. Evaluating this payoff through the parent’s utility function, the parent
obtainsν̄(1 − β). With probability one-half, the child will act as a responder in the
negotiation stage and will receive a zero payoff. Evaluating this payoff through the
parent’s preferences, the parent obtains−αν̄. Consequently,12 ν̄(1 −α− β) − c is
the utility to an inequity averse parent if her child is selfish (notice that this quantity
is negative sinceα + β > 1).

Notice that, the optimal educational effort function for the selfish players is the
same for allpt ≤ pc: τ̂e = k 1

4 ν̄(1−pt). By contrast, the optimal educational effort
function forpt ≤ pc to the inequity averse players depend onpt:

τ̂a = k
1
2
ν̄

(
β − 1

2

)
pt if pt < 1 − ta

τ̂a = k
1
2
ν̄

(
α + β − 1

2

)
pt if pt ≥ 1 − ta
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On the other hand, wheneverpt > pc player 1 will not acquire the testing
technology and will always make a general investment. Therefore, it follows that
Uee = Uea = Uaa = Uae = 0. Obviously∆Ue = ∆Ua = 0 and therefore,
τe(pt, G) = τa(pt, G) = 0. That is, no type of player 2 has incentives to socialize
their children.

The following proposition characterizes the stable steady states of the economy.

Proposition 1. Let D̄ = 1
4 ν̄ − ta( 1

2 ν̄ − ν) − 1
8β ν̄ > D, under conditions (A.1),

(A.2), (A.3) andγ ≥ γ̂,

(i) Any initial distribution p0 > pc is a stable steady state.
(ii) If D ≤ D̄, p̃ = 1/(2β) is a stable steady state with a basin of attraction

(0, pc], wherep̃ is such thatτe(p̃, σ′) = τa(p̃, σ′).
(iii) If D > D̄, pc is a stable steady state with a basin of attraction(0, pc], where

pc < 1 − ta.

Proof. See appendix. 	

Therefore, from any initial condition smaller thanpc, the economy converges to

a heterogeneous distribution of preferences. In this stationary state, player 1 uses the
testing technology, credibly conditioning his investment decision to the information
provided by the test and resulting in all players making specific investments.

We can distinguish three cases in the general result established in Proposition 1
depending on the severity of the prisoner’s dilemma:

1. When the prisoner’s dilemma is not so severe, that is,D ≤ D = ta(ν − 1
4 ν̄), the

particular value ofpc is given byp′′ = ( 1
4 ν̄ − c)/(ν − 1

4 ν̄) > 1 − ta. In this case,
the three possibilitiespt < 1 − ta, 1 − ta ≤ pt ≤ p′′, andpt > p′′ lead to a three
branch dynamics under the assumption of backward looking expectations:

(A) pt+1 = pt+pt(1−pt)
[
k

1
4
ν̄ (1−pt)−k

1
2
ν̄

(
β−1

2

)
pt

]
if pt<1−ta

(B) pt+1 = pt+pt(1−pt)
[
k

1
4
ν̄ (1−pt)−k

1
2
ν̄

(
α+β−1

2

)
pt

]
if 1−ta≤pt≤p′′

(C) pt+1 = pt if pt > p′′

The equations come from (8) in Section 2.3. Notice that, there is a discontinuity
in pt = 1 − ta = (1 + α)/(1 + 2α) and also inpt = p′′. The phase diagram in
Fig. 1 shows this case. Figure 1 is qualitatively correct for all admissible parameter
values.

The dynamics has the following steady states:p = 0, p ∈ (p′′, 1] and the
interior steady statẽp = 1/(2β), wherep̃ is such that both educational effort levels
get equalized under dynamics (A). The steady statep = 0 is unstable. This steady
state is a completely homogeneous distribution of preferences, that is, all players 2
being inequity averse(p = 0). If the selfish players 2 are in a minority (that is,
pt is very close to 0), their socialization effort will be very intensive in an attempt
to offset the effect of oblique transmission. In this context,τ̂e exceedŝτa and the
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selfish preferences will spread over generations preserving their presence in the
society.

It follows from inspection of the phase diagram that for anyp0 ∈ (0, p′′] a unique
pt path results withpt converging top̃ = 1/(2β). That is,p̃ is a globally stable
steady state (on that interval of distributions). The complete and formal analysis of
these results is relegated to the appendix.

2. WhenD < D ≤ D̄, thenpc = p′′′ = ((1 − ta)( 1
2 ν̄ − ν) + 1

4 ν̄ − c)/ 1
4 ν̄ <

1− ta. In this case, the two possibilitiespt ≤ p′′′ andpt > p′′′ lead to a two branch
dynamics:

(A) pt+1 = pt + pt(1 − pt)
[
k

1
4
ν̄(1 − pt) − k

1
2
ν̄(β − 1

2
)pt

]
if pt ≤ p′′′

(C) pt+1 = pt if pt > p′′′

Notice that there is a discontinuity inpt = p′′′ The phase diagram in Fig. 2 shows
this case. It follows from inspection in the phase diagram that for anyp0 ∈ (0, p′′′]
a uniquept path results withpt converging tõp = 1/(2β). That is,p̃ is a globally
stable steady state.

3. WhenD > D̄, pc = p′′′ and the two branch dynamics are the same as in case
2. But now,p′′′ < p̃. The phase diagram in Fig. 3 shows this case. It follows from
inspection that for anyp0 ∈ (0, p′′′] a uniquept path results withpt converging to
p′′′.

Therefore, the above analysis establishes the success of the strategyσA when
the two following features are fulfilled: there is a good testing technology and the
initial proportion of inequity averse players 2 is greater than a critical value. The
first best result is achieved. Notice that with homogeneous selfish preferences the
inefficient outcome, where every player makes a general investment, will be the
only possible result.
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Recall that the testing technology is useless with complete information, that
is, when player 1 knows for sure his opponent’s type. This is due to the fact that,
irrespective of the result of the test, it is a dominant strategy for player 1 to make a
general investment when his opponent is selfish and to make a specific investment
when his opponent is inequity averse. Accordingly, with complete information the
results of the game are the same with or without testing activity.

Therefore, in an incomplete information scenario without testing technology,
player 1 will make a specific or a general investment depending on the proportion
of both types of player 2 in the population. But players 2 will still make general
investments. By contrast, a sufficiently good testing technology changes the be-
haviour of both types of player 2 enhancing efficiency in the investment decision
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for any distribution of preferences smaller than a critical valuepc. Both types of
player 2 know that if they make a general investment they will be discovered with
a non-negligible probabilityγ obtaining a zero payoff, although with some prob-
ability they will go unnoticed and get a high share of the low surplus. But, ifγ is
high enough it would be better to make a specific investment obtaining for sure at
least a substantial share of the high surplus.

Notice that we have assumed that player 1 cannot previously commit to any
particular testing policy. In our model, once players 2 have made their specific
investments, player 1 according to the strategyσA makes a specific investment.
This is his best reply given that there are enough inequity averse players 2 in the
population. It is easy to prove that the result is even stronger if we allow player 1 to
establisha priori credible announcements to any policy. In this case, we obtain that
the announcement of a commitment to the strategyσA is the unique Perfect Bayesian
Equilibrium for all p (providedγ ≥ γ̂). Interestingly also, for some intermediate
values ofγ, the equilibrium strategies are again that player 1 announces policyσA

and the selfish type of player 2 makes a specific investment whereas the inequity
averse player 2 makes a general investment.

The first best result is more likely in a society with a big high surplusν̄, a
small low surplusν and a small cost of specific investmentc. The combination
of these features yields a low critical valueγ̂ and a high critical valuep′′. This is
because these features diminish the severity of the prisoner’s dilemmaD, that is,
the difference between the individual material gains from both players making a
specific investment( 1

2 ν̄ − c) and the individual material gains from unilaterally
defecting(ν). Notice that when this difference tends to zero, the critical valuep′′

tends to one and̂γ tends to(c/ν) which is always smaller than one half.
Observe that the negotiation policy of player 1 as a proposer is to offer the thresh-

old ta, this implies that there is also efficiency in the negotiation stage. Whereas,
under the negotiation policy consisting of offering zero there would be efficiency
in the investment stage but not in the negotiation stage because the inequity averse
players would reject this offer.

Finally, another interesting feature of the steady state is that players 2 (workers)
get a higher proportion of the surplus with respect to the situation with homogeneous
preferences. This proportion increases in the disadvantageous inequity aversion
parameterα.

5 Conclusions

The aim of this paper is to analyse whether imperfect monitoring can improve the
efficiency when players face a severe hold up problem in the sense that to make
inefficient general investments is a dominant strategy. If all players have selfish
preferences, as standard economic theory assumes, monitoring is useless in this
context. However, there is overwhelming evidence to indicate that a non-negligible
proportion of the population cares not only about their own material payoffs but also
about reciprocity and fairness. Therefore, a more realistic assumption would be that
preferences in the population are heterogeneous. We have presented an overlapping
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generations model with cultural transmission of preferences where the distribution
of preferences in the population and the monitoring and investment policies influ-
ence one another and are determined endogenously and simultaneously.

We obtain that in the stable steady state of the economy there is a mixed dis-
tribution of preferences where both, selfish and other-regarding preferences are
present in the population. Moreover, when a sufficiently good testing technology is
available and there is a non-negligible initial proportion of inequity averse players,
the economy reaches the first best where all players make specific investments. This
result is more likely, that is, the basin of attraction of the steady state is greater,
whenever the severity of the prisoner’s dilemma diminishes. This occurs for a big
value of the high surplus and a small value of the low surplus and of the cost of
the specific investment. In summary, the combination of cultural transmission of
preferences and imperfect monitoring alleviates post-contractual opportunism and
improves efficiency.

Appendix

Proof of Lemma 2

Assume player 1 will make a general investment. In this case, if the inequity averse
player 2 playsS, after observing the realized surplusν, player 1 will be the proposer
in the second stage and he will offer either 0 orta. In both cases, the expected utility
to the inequity averse player is−c. If instead, the inequity averse player 2 plays
G, her expected payoff is zero. So, the inequity averse player 2 will playG. As
a consequence, if player 1 observes the low surplusν, he will conclude that his
opponent has playedS and, therefore, this decision only comes from the selfish
player 2, that is,µt = 1 and he will offer her 0. So, the latter expected payoff will
be−c. But, if the selfish player 2 playsG, she obtains a zero payoff. Therefore, the
selfish player 2 also playsG. Summarising, the expected payoff to player 1 if he
playsG is 0 because both types of player 2 will reply with a general investment.

Assume now that player 1 makes a specific investment. Following a similar
argument as the one presented above, if the inequity averse player 2 playsS, her
expected payoff will be14 ν̄ − c.9 On the contrary, by playingG she obtains12ν.
Under condition (A.3) the best reply of an inequity averse player is to playG.
Therefore, if player 1 observes̄ν, he will conclude thatµt = 1. So, if the selfish
player 2 playsS, her expected payoff will be12 ν̄−c.10 Whereas, if she playsG, she
obtainsν. Under condition (A.3) the selfish player 2 also playsG. Summarising,
the expected payoff to player 1 if he playsS will be p(−c) + (1 − p)( 1

2ν − c),
as playingG is a dominant strategy for both types of player 2. Observe that, if
pt ≤ p′ = ( 1

2ν − c)/ 1
2ν the above payoff is positive and ifpt > p′ = ( 1

2ν−c)/ 1
2ν

the above payoff is negative. 	

9 Given that player 1 and the inequity averse player 2 playS, then when the latter is the proposer, she

offers half of the surplus̄ν, but if she is the responder, irrespective of the offer of player 1, she obtains
a utility of zero.

10 Note that with probability12 , player 1 is the proposer and he offers zero to the selfish player 2, and

with probability 1
2 , the latter is the proposer and she claims all the surplus.
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Proof of Lemma 3

Suppose that player 1 carries out the testing activity and follows the strategyσA. If
the selfish player 2 playsS, player 1 will never observeG with the testing activity,
therefore he also playsS. In the second stage the expected payoff to the selfish
player 2 will be1

2 ν̄ − c if µt ≥ 1 − ta or 1
2 ν̄(1 + ta) − c if µt < 1 − ta. Whereas

if she playsG, when player 1 carries out the testing activity, with probabilityγ he
discovers that the selfish player 2 has playedG and, as a consequence, player 1
also playsG, but with probability1 − γ the testing activity is not successful and
player 1 playsS. Therefore, the expected payoff to the selfish player 2 when she
playsG is given by(1 − γ)ν + γ0.

Whenµt ≥ 1 − ta, to playS is better than to playG if:

γ ≥ γ̄ =
ν − ( 1

2 ν̄ − c)
ν

.

On the other hand, whenµt < 1 − ta, a selfish player 2 playsS if:

γ ≥ γ′ =
ν − ( 1

2 (1 + ta)ν̄ − c
)

ν
.

Let us next analyse the behaviour of an inequity averse player when she anticipates
the strategyσA of player 1. If she playsS, her expected payoff will be14 ν̄ − c.
Whereas if she playsG, she obtains(1 − γ) 1

2ν + γ0. Hence, to playS is better
than to playG if:

γ ≥ γ̂ =
ν − ( 1

2 ν̄ − 2c
)

ν
.

Note thatγ′ < γ̄ < γ̂. 	


Proof of Lemma 4

If γ ≥ γ̂ both types of player 2 will playS and the testing activity is not informative.
It only remains to be shown that player 1 will reply following the strategyσA, that
is, playingS. Given thatµt = pt, then the expected payoff to player 1 if he plays
S will be:

p

(
1
2
ν̄ − c

)
+ (1 − p)

(
1
4
ν̄ − c

)
if pt ≥ 1 − ta

p

(
1
2
(1 − ta)ν̄ − c

)
+ (1 − p)

(
1
2
(1 − ta)ν̄ +

1
4
ν̄ − c

)
if pt < 1 − ta

On the other hand, if player 1 deviates, playingG obtains:

pν if pt ≥ 1 − ta

(1 − ta)ν if pt < 1 − ta
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If pt ≥ 1 − ta, player 1 will prefer to playS whenp ≤ p′′ = ( 1
4 ν̄ − c)/(ν − 1

4 ν̄).
And, if pt < 1 − ta, player 1 will prefer to playS when p ≤ p′′′ =
((1 − ta)( 1

2 ν̄ − ν) + 1
4 ν̄ − c)/ 1

4 ν̄. It is easy to check thatp′′ > p′′′ > 1 − ta

when the prisoner’s dilemma is not so severe, that is, whenD ≤ D = ta(ν − 1
4 ν̄),

whereD = ν − ( 1
2 ν̄ − c) is the gain from playingG in place ofS when your

opponent playsS. Therefore, whenpt ≤ p′′ player 1 obtains the highest payoff
with σA. In this case, the critical valuepc is given byp′′.

When the prisoner’s dilemma is more severe, that is,D > D = ta(ν − 1
4 ν̄),

thenp′′ < p′′′ < 1 − ta. Therefore, whenpt ≤ p′′′ player 1 obtains the highest
payoff with the strategyσA. Now, the critical valuepc is given byp′′′.

But, in general, in both casespc > p′, therefore whenpt > pc player 1 will
deviate from the strategyσA playingG and both types of player 2 will also playG.

	


Proof of Proposition 1

We look for simplicity at the continuous time limit of the dynamics ofpt, by
assuming that socialization is instantaneous. In other words, we will consider a
discrete time model with periods of lengthh letting thenh → 0. We can distinguish
three cases:

Case 1.D ≤ D = ta(ν − 1
4 ν̄). In this casepc = p′′ > 1 − ta and we have a three

branch dynamics (see Fig. 1):

(A) pt+h−pt = hpt(1−pt)
[
k

1
4
ν̄(1−pt)−k

1
2
ν̄

(
β−1

2

)
pt

]
if pt<1−ta

(B) pt+h−pt = hpt(1−pt)
[
k

1
4
ν̄(1−pt)−k

1
2
ν̄

(
α+β−1

2

)
pt

]
if 1−ta≤pt≤p′′

(D) pt+h − pt = 0 if pt > p′′

Taking the limith → 0, one gets the differential equations:

(A) ṗt = pt(1−pt)
[
k

1
4
ν̄(1−pt)−k

1
2
ν̄

(
β−1

2

)
pt

]
if pt<1−ta

(B) ṗt = pt(1−pt)
[
k

1
4
ν̄(1−pt)−k

1
2
ν̄

(
α+β−1

2

)
pt

]
if 1−ta≤pt≤p′′

(C) ṗt = 0 if pt > p′′

Under assumption (2)̃p = 1/(2β) ≤ 1 − ta, then dynamics (A) defined in the
interval [0, 1 − ta) has an homogeneous steady statep = 0 which is dynamically
unstable and an interior steady statep = p̃ = 1/(2β) which is dynamically stable.

Concerning dynamics (B), notice that[k 1
4 ν̄(1 − pt) − k 1

2 ν̄(α + β − 1
2 )pt] < 0

for pt ∈ [1 − ta, p′′]. In particular, this expression is negative for allpt > p̂ =
1/(2(α + β)). As p̂ < 1

2 , thenp̂ < 1−ta, and the result follows. As a consequence,
ṗt < 0 for pt ∈ [1 − ta, p′′].
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All the previous arguments yield thatp̃ = 1/(2β) is a stable steady state with
a basin of attraction(0, pc] wherep̃ is such thatτe(p̃, σ′) = τa(p̃, σ′).

Concerning dynamics (C) aṡpt = 0 for anypt ∈ (p′′, 1] any initial condition
p0 ∈ (p′′, 1] is maintained over time as a stable stationary point.

Case 2.D < D ≤ D̄. In this casepc = p′′′ < 1 − ta and we have two branch
dynamics (see Fig. 2). Taking the limith → 0, we obtain the following differential
equations:

(A) ṗt = pt(1 − pt)
[
k

1
4
ν̄(1 − pt) − k

1
2
ν̄

(
β − 1

2

)
pt

]
if pt ≤ p′′′

(C) ṗt = 0 if pt > p′′′

Notice that, in this case,p′′′ > p̃ = 1/(2β), then dynamics (A) defined in
the interval[0, p′′′] has an homogeneous steady statep = 0 which is dynamically
unstable and an interior steady statep = p̃ = 1/(2β) which is dynamically stable.
Therefore,̃p = 1/(2β) is a stable steady state with a basin of attraction(0, pc].

The result concerning dynamics (C) is the same as in case 1 for any initial
conditionp0 ∈ (p′′′, 1].

Case 3.D > D̄ then,pc = p′′′ < 1− ta. In this case we have the same two branch
dynamics of preferences obtained in the previous case 2 (see Fig. 3) but nowp′′′ < p̃.
Notice that,[k 1

4 ν̄(1 − pt) − k 1
2 ν̄(β − 1

2 )pt] > 0 for all p < p̃, therefore asp′′′ < p̃
the convergence top′′′ follows for any initial conditionp0 ∈ (0, p′′′]. 	
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