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4
Altruism: Evolution and
a Repercussion
Oded Stark, You Qiang Wang and Yong Wang

Under the theme: ‘Altruism, Evolution and a Repercussion’ we take the unusual
step of including two papers, one by Oded Stark and You Qiang Wang, the other
by Oded Stark and Yong Wang. The papers represent two interrelated aspects of a
unified research project on the evolution and consequences of altruism. The first
part explains the formation of the altruistic trait and the second part focuses on its
implications. Accordingly, the first paper we have included here ‘On the Evolutionary
Edge of Altruism: A Game-Theoretic Proof of Hamilton’s Rule for a Simple Case of
Siblings’ relates to the first part of the project and seeks to explain the prevalence
of altruism. The second paper, ‘The Intergenerational Overlap and Human Capital
Formation’, relates to the second part of the project. This paper already assumes
that individuals are altruistically inclined and explores the repercussion of altruism
within families on the formation of human capital.

Editors, Bina Agarwal and Alessandro Vercelli

Part 1 On the evolutionary edge of altruism: a
game-theoretic proof of Hamilton’s rule for

a simple case of siblings∗

Oded Stark
Universities of Bonn, Klagenfurt and Vienna; Warsaw University; Social Research Center,
Cologne, Germany and Eisenstadt, Austria

and
You Qiang Wang
Tsinghua University, China

∗ Reprinted with the permission of Springer Verlag, from the Journal of Evolutionary
Economics, vol. 14, pp. 37–42 (February 2004). We are indebted to an anonymous
referee and to Uwe Cantner for helpful comments and suggestions. Partial financial
support from the National Institute on Aging (grant RO1-AG13037) and from the
Humboldt Foundation is gratefully acknowledged.
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1 Introduction

Evolutionary biologists have developed a powerful theory of the evolutionary
foundations of altruism between relatives. The theory is based on the idea
that individuals who are related by blood share genes. Consider a gene that
governs a particular behaviour. The likelihood that the gene will be replicated
is higher when the gene takes into account not only the extra reproductive
opportunities that the behaviour confers on the host who carries the gene,
but also the extra reproductive opportunities that the behaviour confers on
relatives of the host who also carry the gene. William Hamilton, the pioneer
of this theory, describes it as follows:

The social behaviour of a species evolves in such a way that in each distinct
behavior-evoking situation the individual will seem to value his neigh-
bor’s fitness against his own according to the coefficients of relationship
appropriate to that situation. (Hamilton, 1964: 19)

The coefficient of relationship between two individuals is the probability that
a randomly selected gene in one of these individuals will have an exact copy
located in the other individual as a result of descent from a common ancestor.
In the case of a haploid population in which each parent has a single gene
for being altruistic or selfish and mating is monogamous, the coefficient of
relationship between two siblings is 1

2 . ‘Hamilton’s rule’ is that altruism will
spread in a population if the benefit obtained from giving multiplied by the
coefficient of relationship exceeds the cost of giving. If c is the cost to oneself
of helping a sibling, and b is the benefit to a sibling from receiving help,
altruism will spread if b · 1

2 > c, that is, if the benefit obtained from help
exceeds twice the cost of helping.

The purpose of this part of the chapter is to complement the large and
important literature that followed Hamilton’s pioneering articles, both in
evolutionary biology (notably Dawkins, 1976; Grafen, 1984; and Wilson,
1987) and beyond (Axelrod, 1984; Hofbauer and Sigmund, 1988; Binmore
and Samuelson, 1992; and Nowak and May, 1992), with a formal game-
theoretic proof of Hamilton’s rule. Building on Bergstrom and Stark (1993),
Bergstrom (1995) and Stark (1999), this part provides a proof of the rule for
a simple case of siblings.

In evolutionary economics, the study of altruism is motivated by two
questions: where does altruism come from and what does it give rise to?
The incentive to explore inclinations is not independent, however, from
the density of implications. If the motivation to produce, the propensity
to redistribute and the tendency to accumulate and transfer – within famil-
ies, societies and across generations – matter both for individual well-being
and for social welfare, and if these processes are governed or significantly
affected by the incidence and intensity of altruism as a trait, we would like
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to find out how the trait evolves. The interest in economics, and beyond, in
the evolution, survival and extinction of institutions of various types cannot
be orthogonal to the interest in the prevalence and intensity of altruism if
altruism gives rise to patterns and predispositions that completely or partially
substitute for institutional mandates, impinge on the design of institutions,
crowd out their roles, or render their mission superfluous. All the more so
when there is a close correspondence between altruism and cooperation.1

Since altruism is practiced and manifested socially, it is natural to start the
search for its prevalence and origins in small social groupings such as the
family. It is more likely that altruism will pervade large groupings such as
the population at large if it evolves between siblings than if it fails to gain a
foothold even within families.

2 The game and a general result

In each period there is an old generation and a young generation. A frac-
tion of the old generation consists of altruists, a complementary fraction
consists of nonaltruists. Members of the old generation are matched with
uniform probabilities into pairs. Each pair breeds two children. The children
constitute the young generation. The two siblings play a one-shot prisoner’s
dilemma game with each other. A sibling can help the other sibling at a cost
to himself. Let c be the cost to a sibling of helping a sibling, and let b be
the benefit to the sibling who receives the help, b > c > 0. We obtain the
following payoff matrix:

Column sibling

Row sibling

C D

C b − c, b − c −c, b

D b, −c 0, 0

where playing C stands for providing help and playing D stands for not
offering help. A sibling who plays C is altruistic, a sibling who plays D is
nonaltruistic. To see this suppose the column sibling selects C. If the row sib-
ling selects C rather than D, he give up b to receive the smaller b − c, whereas
the column sibling gains since he receives b − c which is larger than −c.
Suppose, alternatively, that the column sibling selects D. Again, if the row
sibling selects C rather than D, his payoff declines (by c), while the column
sibling’s payoff rises (by b). This defines altruism: giving up something for
the sake of another. Thus, throughout the rest of this part of the chapter
we identify altruism with playing cooperatively in the one-shot prisoner’s
dilemma game.
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Let ( p, 1 − p) denote the mixed strategy in which the row sibling plays C
with probability p; and let (q, 1 − q) denote the mixed strategy in which the
column sibling plays C with probability q. Then, for any given ( p, q), the
expected payoffs of the row and column siblings are qb − pc and pb − qc,
respectively. Let p1 and p0 be the probabilities that the row sibling plays C
if the column sibling plays C and D, respectively. We now provide a game-
theoretic proof of Hamilton’s rule for a simple case of siblings.

Proposition (Hamilton’s rule). If c is the cost to oneself of helping a
sibling, and b is the benefit to a sibling from receiving help, altruism will
spread if b · ( p1 −p0) > c, that is, p1 −p0 is the equivalent of the coefficient
of relationship.

Proof Cooperation will be globally stable if the expected payoff of a ran-
domly selected cooperator child is larger than the expected payoff of a
randomly selected defector child. Without loss of generality, we randomly
select the column sibling. The expected payoff of a randomly selected
cooperator column sibling is p1b − c since ( p, q) = ( p1, 1), and the expec-
ted payoff of a randomly selected defector column sibling is p0b since
( p, q) = ( p0, 0). Hence, cooperation will be globally stable if p1b − c > p0b,
yielding the statement of the proposition.

3 The rule of imitation, survival and
the outcome: a special case

We assume that how a child plays, C or D, is determined through the imit-
ation of his parents, and that each child imitates one of his parents with
equal probabilities. The probability that a child survives to reproduce (to have
his own children) is proportional to the payoff in the game. For example,
consider a case in which the payoff positively influences the probability of
reaching maturity and of being able to procreate.

Let x be the proportion of cooperative parents, and let 1 − x be the
proportion of defector parents.

Claim 1 The probability that a randomly chosen child is a cooperator is x.

Proof Let N be the number of individuals in the old generation.
Hence, the number of parent pairs is N/2. Cooperator children come either
from cooperator–cooperator parent pairs or from cooperator–defector par-
ent pairs. The number of cooperator–cooperator marriages is (N/2)x2.
All (N/2)x2 · 2 = Nx2 children of these marriages are cooperators. The
number of cooperator–defector marriages is (N/2)[x(1 − x) + (1 − x)x] =
Nx(1 − x) which is also the number of cooperator children produced
by such marriages. Hence, the total number of cooperator children is
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Nx2 + Nx(1 − x) = Nx. In a population of N children, the probability then
that a randomly chosen child is a cooperator is Nx/N = x.

Claim 2 Given that a child is a cooperator, the conditional probability
that its sibling is a defector is (1 − x)/2.

Proof A cooperator–defector pair of children results from a mixed mar-
riage. Half of these Nx(1 − x) marriages produce mixed sibling pairs. The
number of cooperating children in the mixed sibling pairs from these
marriages is 1

2 Nx(1 − x). As already shown, the total number of cooper-
ator children is Nx. Given that a child is a cooperator, the conditional
probability that its sibling is a defector is 1

2 Nx(1 − x)/Nx = (1 − x)/2.

Given that a child is a cooperator, the conditional probability that its
sibling is a cooperator is the complementary probability 1 − (1 − x)/2 =
(1 + x)/2.

By replacing x for 1 − x we get that given that a child is a defector, the
conditional probability that its sibling is a cooperator is x/2. (Given that a
child is a defector, the conditional probability that its sibling is a defector is
the complementary probability 1 − (x/2).)

Claim 3 Cooperation will be globally stable if b > 2c.

Proof Since in this case p1 = (1 + x)/2 and p0 = x/2, the claim follows
from the proposition.

Evolutionary biologists refer to ‘inclusive fitness’ of an individual. In the
present model the inclusive fitness of a cooperator parent is the expected
payoff of a randomly selected cooperator child, and the inclusive fitness
of a defector parent is the expected payoff of a randomly selected defector
child. The inclusive fitness of a cooperator is larger than the inclusive
fitness of a defector, and cooperation is globally stable if the benefit to a
child from playing cooperatively (helping) exceeds twice the child’s own
cost of playing cooperatively (helping).

4 Conclusion

We have shown that in a simple case of siblings, Hamilton’s rule can be
derived as the outcome of a prisoner’s dilemma game between siblings.
We employed several simplifying assumptions. These may be relaxed. For
example, the formation of couples can be more selective than random. As
shown in the Appendix, however, this change will only strengthen the case
for cooperation.
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Part 2 The intergenerational overlap and
human capital formation∗

Oded Stark
Universities of Bonn, Klagenfurt and Vienna; Warsaw University; Social Research Center,
Cologne, Germany and Eisenstadt, Austria

and
Yong Wang
City University of Hong Kong, China

1 The idea

It is well-recognized that the stock of human capital affects the level of per
capita output in an economy. Whether the effect arises because human cap-
ital is an ordinary input in the economy’s production function or because the
effect manifests itself through the enhancement of total factor productivity
(in that it leads to the creation, adoption, implementation and diffusion of
new technologies) are largely empirical issues. The notion that an economy
that forms a large quantity of human capital will have a higher per capita
output than an economy that forms a small quantity of human capital can
safely be taken as given, requiring little, if any, additional inquiry. But why
is it that one economy has, or forms, abundant per capita human capital,
while another has, or forms, little? Why does the per capita human cap-
ital gap between economies not close? Much – though not all – of the human
capital in an economy is the result of decisions made by individuals. Clearly,
several factors are involved and one of them is life expectancy: a longer life
expectancy entails a longer payback period that, in turn, encourages larger
investments in human capital. An economy consisting of individuals with a
long life expectancy will then form more human capital than an economy
consisting of individuals with a short lifespan.

The impact of a lengthened life expectancy comes from the returns side of
the human capital investment calculus: the marginal benefit is higher. We
argue however that, typically, a lowered marginal cost of forming human cap-
ital is imbedded in a lengthened life expectancy. We seek to unearth this effect
and study its role in accounting for the divergent experiences of economies
in the formation of human capital. We suggest that the lowered marginal
cost effect arises from a correlate of extended life expectancy: the prolonged
duration of the overlap between generations. Suppose that as long as they
are alive, parents support the human capital formation of their children, and
that the parental support is cheaper than market financing.2 An extended life
expectancy that results in a prolonged overlap entails more parental support,

∗ Partial financial support from the Humboldt Foundation and the Sohmen Foundation
is gratefully acknowledged.
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which in turn can foster the formation of more human capital. An example
will serve to illustrate.

Suppose that life expectancy is 45. An individual gives birth to one child
when the individual is 20 years of age. The child is cared for in his infancy
and for as long as he engages in acquiring human capital, conditional on the
individual being alive. The age at which the child makes the human capital
formation decision is 15. At this age, if the child were to engage in human
capital formation, the child could expect parental support for up to 10 years.
If the child finds it optimal to devote more than 10 years to human capital
formation, he can do so by borrowing at a fixed market interest rate. When
the child reaches the age of 20, he gives birth to a child whom he, in turn,
will support in the same manner in which he was supported. Suppose that
the child finds it optimal to acquire human capital for a little more than 10
years, say for τ years in excess of 10. During these years the child has to bear
the entire cost of forming human capital, which includes the market rate
of interest.

Suppose now that life expectancy is 55. Retaining all other assumptions as
before, the child can now expect parental support for up to 20 years. To see
the implications of this assumption for human capital formation, consider
the case 0 < τ < 10. All of the years of human capital formation previously
financed by commercial loans now become parentally supported, interest-
free years. Since the marginal cost of forming human capital goes down,
more human capital will be formed. This effect is separate from the returns
to human capital, a marginal benefit that arises from the addition of years
during which returns to the human capital investment can be reaped.3

In section 2 we present our analytical framework. In section 3 we formally
investigate the effect of extended overlapping on the formation of human
capital by optimizing individuals. To this end we decompose the ‘gross’ life-
expectancy effect into a ‘net’ life-expectancy effect and an overlapping effect.
In section 4 we trace the welfare implication of extended overlapping for an
economy that is subjected to such a change. In section 5 we further explain
the rationale underlying our idea and offer a suggestion as to how to differen-
tiate empirically between the overlapping model of human capital formation
and the received model of human capital formation.

2 The analytical framework

Consider a continuous overlapping-generations economy akin to that of Cass
and Yaari (1967). At every instant of time a generation is born. A generation
consists of a continuum of individuals of measure N. The lifespan of an indi-
vidual is l. The individual gives birth to a child after time spell l c (0 < l c < l)
has elapsed. Thus, each member of generation t has a single parent in gener-
ation t − l c, and a single offspring in generation t + l c. At each point in time
the economy consists, therefore, of a continuum of overlapping generations,
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each at an age between 0 and l. The economy’s population size is thus a
constant of measure Nl.

During their lifetime, individuals form human capital, work and procre-
ate. Let an individual spend a portion of his lifetime immediately following
birth forming human capital and the complementary portion of his lifetime
working. While the acquisition of human capital is costly, as it entails the
opportunity cost of forgone wage earnings, it subsequently enhances the
individual’s productivity, and hence his earnings. Since an individual gives
birth to a child after l c (≥0) of his lifespan has elapsed, l p ≡ l − l c measures
the duration of the overlap between the individual and his child.4,5

Let st represent the time span that an individual of generation t chooses
to allocate to human capital formation. Hence the remaining l − st of the
individual’s lifespan is allocated to work. Let the cost of forming human cap-
ital be a proportion λ of the individual’s wage. The cost of forming human
capital is born by the individual’s parent as long as the parent is alive, and by
the individual himself through borrowing at the market interest rate if addi-
tional human capital is formed past the parent’s death.6 When the individual
reaches the age l c, he has a child of his own. That child too is faced with a
choice of allocating his lifetime between human capital formation and work,
drawing on his parent’s support in a manner akin to that described earlier,
that is, up to a duration of l p. The amount of human capital (measured in
efficiency units of labour) that is available to the individual and supplied by
him inelastically, generated by the allocation of time st to human capital
formation, is given by ϕ(st ) where ϕ(0) = 1; ϕ(st ) > 1, ϕ′(st ) > 0, ϕ′′(st ) < 0 for
st ∈ (0, l); limst →0ϕ

′(st ) = ∞, and limst →lϕ
′(st ) = 0. The assumption ϕ(0) = 1 is

made in order to incorporate the feature that the individual is endowed with
one efficiency unit of labour (the individual’s pair of hands) that is available
to the individual even if no human capital is formed.

Let rt and wt be the instantaneous interest rate and the instantaneous wage
rate at time t , respectively. The lifetime income (in present-value terms) of
a generation t individual who chooses to invest s time in human capital
formation, recalling the method of financing described above, is

Vt =
∫ t+l

t+s
dτ

t ϕ(s)wτ dτ −
∫ t+s

t+min(s,l p)

dτ
t λwτ dτ −

∫ t+l c+min(s′,l p)

t+l c
dτ

t λwτ dτ

where dτ
t ≡ e− ∫ τ

t rυdυ is the discount factor at time t for wages received and costs
incurred at future time τ , and s′ is the duration of the human capital forma-
tion period, chosen by the individual’s child. Without loss of generality,7 we
assume that the individual seeks to maximize his lifetime income, that is,

st = arg max
s

Vt (1)
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Hence, the optimal human capital formation span for an individual of
generation t is implicitly given by the first-order condition

ϕ′(st )

∫ t+l

t+st

dτ
t wτ dτ = dt+st

t wt+st

[
ϕ(st ) + λδ(st − l p)

]
(2)

where δ(x) = 0 for x < 0, δ(x) = 1 for x > 0, and 0 ≤ δ(0) ≤ 1.
We now briefly describe the economy. We have in mind a small economy

that operates in a perfectly competitive world in which economic activity
extends over an infinite continuous time. At every point in time the economy
produces a single consumption good using perfectly durable (physical) cap-
ital and labour measured in efficiency units in the production process. The
supply of funds for investment purposes at each point of time consists of
domestic savings and of net international borrowing. Funds are supplied by,
and can be borrowed from, a perfectly competitive world capital market at
the stationary positive rate of return to capital, r̄, in terms of the consumption
good. The supply of labour at each point of time is the sum of the aggregate
supply of human-capital-augmented labour of all the generations. Produc-
tion at each point of time occurs according to a constant-returns-to-scale
production function which is invariant across time. Therefore, the output
produced at time t , Yt , is

Yt = F(Kt , Lt ) ≡ Lt f (kt ); kt = Kt/Lt (3)

where Kt and Lt = ∫
τ+sτ ≤t ϕ(sτ )Ndτ are the capital and labour employed at

time t , respectively. The production function f (k) is strictly increasing and
strictly concave. Producers operate in a perfectly competitive environment.
Profit maximization gives rise to the following first-order conditions

rt = f ′(kt ) (4)

wt = f (kt ) − f ′(kt )kt (5)

where rt and wt are the interest rate and wage rate at time t , respectively,
and output is the numeraire. Given the unrestricted nature of the interna-
tional capital markets, the economy’s interest rate is exogenously given at the
world level r̄, at all times. Consequently, the capital–labour ratio employed
in production is stationary at a level k̄,8

k̄ = f ′−1(r̄) (6)

and the wage rate is stationary at a level w̄,

w̄ = f (k̄) − f ′(k̄)k̄ (7)
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Since the economic environment in which the individual optimizes is
stationary, with dτ

t = e−r̄(τ−t), we can ignore time subscripts and rewrite (2) as

1
r̄
[1 − e−r̄(l−s)]ϕ′(s) = ϕ(s) + λδ(s − l p) (8)

The left-hand side of (8), multiplied by w̄, measures the marginal benefit
of human capital formation. The right-hand side of (8), multiplied by w̄,
measures the marginal cost of human capital formation, which has two
components. The first component is the usual opportunity cost of for-
gone earnings and the second component reflects the impact of the overlap
between parents and children. When the duration of the period of human
capital formation chosen by the individual is shorter than the duration of
the overlap, δ(s− l p) = 0; the entire cost of human capital formation is borne
by the individual’s parent and the second component vanishes. However,
when the individual chooses to form human capital for a time span that is
longer than the duration of the overlap with his parent, δ(s−l p) = 1; the mar-
ginal cost of forming human capital incorporates the extra cost of financing
human capital formation through the marketplace. Given the assumptions
concerning the production function of human capital, the solution (8), and
the solution to the individual’s maximization problem in (1), is unique and
interior (that is, the length of time allocated to human capital formation
maintains s ∈ (0, l)).9

3 The effect of an extended intergenerational overlap on
human capital formation

Although in this chapter we are interested in investigating the consequences
of the duration of the overlap between parents and children as measured
by l p, typically an increase in l p arises from the prolongation of life expect-
ancy l. Therefore, a change in l affects the endogenous variables through
two channels: changing the life expectancy, and varying the duration of
the overlap between parents and children. We are able, though, to separate
the effects of a change in l on the investment in human capital that arises
from these two channels. While there are many interesting models that focus
on the link between human capital formation and life expectancy (recent
examples include Stark, 1999, chapter 2; Kalemli-Ozcan, Ryder and Weil,
2000; Leung and Wang, 2003), our investigation of the overlapping-duration
channel is novel.

Suppose that there is an increase in l. The left-hand side of (8), as a function
of s, shifts upward: the conventional life-expectancy channel is at work. As a
result of the increase in l, individuals live longer and hence are able to reap the
returns to human capital formation over a longer period, raising the marginal
benefit of human capital formation. But the increase in l also increases l p by
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the same amount (keeping l c constant), which in turn affects the marginal
cost of human capital in the right-hand side of (8) in a more subtle way. The
right-hand side of (8), as a function of s, is a smooth function except for a
vertical jump that occurs at s = l p. Upon an increase in l p, the jump in the
marginal cost function occurs at a later point in time, thereby extending the
range within which the marginal cost of human capital formation is low.
This is due to the overlapping-duration channel: a larger l p implies a longer
overlap between parents and children, which in turn allows children to enjoy
parental support for forming human capital for a longer period of time. To
the extent that the extra parental support lowers the cost of forming human
capital at the margin, the overlapping-duration channel is operative as it
encourages additional human capital formation that would not have been
possible had the intergenerational overlap remained the same. In short, while
the life-expectancy channel operates from the benefit side, the overlapping-
duration channel operates from the cost side.

Suppose that l rises from l1 to l2, and hence l p rises from lp
1 to lp

2. The
following figures illustrate circumstances in which the overlapping-duration
channel is fully operative.

Figure 4.1 shows that individuals initially choose s∗
1 < lp

1 for engaging
in human capital formation so that their entire investment is paid for by
the parents and no market finance takes place. Following the increase of l
from l1 to l2, the marginal benefit curve shifts up due to the life-expectancy
effect, and the marginal cost curve extends the range (the darkened segment
between lp

1 and lp
2) within which human capital formation is family-financed

(the overlapping-duration effect). Consequently, individuals choose s∗
2. Had

the cost structure of human capital formation been the same as before (that
is, without the overlapping-duration effect), the life-expectancy effect alone
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Figure 4.1 The life-expectancy effect and the overlapping-duration effect: Case I
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Figure 4.2 The life-expectancy effect and the overlapping-duration effect: Case II

would have resulted in a duration of human capital formation equal to lp
1,

which is less than s∗
2. Hence the additional period of human capital formation

of s∗
2 − lp

1 can be attributed to the pure effect of the overlapping duration.
In Figure 4.2, individuals initially choose s∗

1 = lp
1 for human capital forma-

tion so that the constraint of parentally-supported human capital formation
just binds. Following an increase of l from l1 to l2, and of l p from lp

1 to lp
2, indi-

viduals choose lp
2. In this case the life-expectancy effect results in a duration

of human capital formation that is equal to only s′
2, and the overlapping-

duration effect contributes to the additional increase of lp
2 −s′

2 in the duration
of human capital formation.

Similarly, Figure 4.3 illustrates the case in which individuals initially choose
s∗

1 > lp
1, relying on market financing above and beyond the overlapping period

with their parents. Following the increases in l and l p, they choose lp
2, wherein

the overlapping-duration effect again contributes to the additional increase
of lp

2 − s′
2 in the duration of human capital formation.

Having provided a non-exhaustive list of cases in which the overlapping-
duration channel is operative in human capital formation decisions, we
should add that, of course, the overlapping-duration channel is not always
operative. Nonetheless, the combined effect of the life-expectancy channel
and the overlapping-duration channel is always positive. This can be stated
as the following proposition.

Proposition 1 An increase in l will always lead to an increase in human
capital formation, that is, (∂s/∂l) > 0.

Proof See Appendix.
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Figure 4.3 The life-expectancy effect and the overlapping-duration effect: Case III

Our argument so far amounts to a statement that the positive effect of a
longer life expectancy on human capital formation arises from two distinct
effects: a pure life-expectancy effect and a prolonged intergenerational over-
lapping effect. Yet decomposing an effect into its constituent parts falls short
of demonstrating that each part has a life of its own. Thus, we next investig-
ate the pure overlapping-duration effect, studying its role in isolation from,
and independently of, the conventional life-expectancy effect.

Suppose that individuals give birth to their children at a somewhat earlier
age while their life expectancy remains intact. This change entails an increase
in l p that is not associated with a change in l. While, by construction, the
left-hand side of (8) remains unaltered so that the life-expectancy channel
is not operative, the change in l p affects the right-hand side of (8) through
the overlapping-duration channel. To illustrate the pure effect of the overlap-
ping duration on human capital formation, suppose that l p increases from
lp
1 to lp

2 (keeping l constant). To facilitate comparison we consider once again
three cases wherein the initial choice of the duration of the human capital
formation span is less than, equal to, or greater than the duration of overlap.

In Figure 4.4, individuals initially choose to form human capital for a
period that is shorter than the duration of the overlap with their parents,
s∗

1 < lp
1. In this case a prolonged overlapping has no impact on the individuals’

decision as to how much human capital to form.
In Figure 4.5, the initial decision is to set the period of human capital

formation equal to the duration of the overlap, that is, s∗
1 = lp

1. In this case,
the marginal benefit curve intersects the vertical portion of the marginal cost
curve, and the extended overlap has a clear and positive effect – it increases
the individuals’ human capital formation period to s∗

2.10
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Figure 4.4 The pure overlapping-duration effect: Case I
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Figure 4.5 The pure overlapping-duration effect: Case II

Lastly, Figure 4.6 presents the case where individuals initially choose a
duration of human capital formation, s∗

1, that exceeds the duration of the
overlap with their parents. The extended overlap prompts additional human
capital formation, provided that the increase in the duration of the overlap
is large enough (that is, as large as lp

2 > s∗
1). We summarize these results on

the pure effect of overlapping in the following proposition.

Proposition 2 An increase in l p from lp
1 to lp

2 without any change in l leads
to a strict increase in human capital formation by an individual, that is,
s∗

2 > s∗
1, if s∗

1 = lp
1 or if lp

1 < s∗
1 < lp

2.
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Figure 4.6 The pure overlapping-duration effect: Case III

4 The welfare effect of an extended
intergenerational overlap

We have shown that the duration of the intergenerational overlap of indi-
viduals with their parents can impact positively on an individual’s formation
of human capital. This channel of influence is independent from the usual
repercussion of the life-expectancy channel.

To analyse the welfare effect of an extended overlap, both when it operates
in conjunction with the life-expectancy effect and when it operates inde-
pendently of the life-expectancy effect, we first calculate the flow of per capita
output. Since at any given point in time the economy’s labour input meas-
ured in efficiency units is L = ∫ t−s

t−l ϕ(s)Ndτ = (l − s)ϕ(s)N, the economy-wide
output (given (6)) is Y = Lf (k̄), and population size is Nl, then per capita
output is

y = Y
Nl

= (l − s)ϕ(s)f (k̄)

l
(9)

Measuring welfare by the flow of per capita output in (9), we present our
results regarding the welfare implication of an extended intergenerational
overlap in the two cases, that is with and without a simultaneous change in
life expectancy, in the following proposition:

Proposition 3 (i) For a given �l = �l p > 0, �y > 0 holds; and (ii) for a
given �l p > 0 but �l = 0, �y > 0 holds as long as �s > 0. In both cases,
�y is larger the larger is �s.
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Proof (i) It suffices to show that �y > 0 for any small increase of �l in
both l and l p. Total differentiation of (9) yields

�y = [(�l − �s)ϕ(s) + (l − s)ϕ′(s)�s]l − (l − s)ϕ(s)�l
l2

f (k̄)

= f (k̄)

l

(
[(l − s)ϕ′(s) − ϕ(s)]�s + sϕ(s)�l

l

)

Since
∫ l

s 1 · dt >
∫ l

s e−r̄(t−s)dt , or l − s > 1
r̄ [1 − e−r̄(l−s)] (assuming a positive

interest rate r̄), it follows from (8) that (l − s)ϕ′(s) − ϕ(s) > 0. Since �s > 0
from Proposition 1, it follows that �y > 0.

(ii) Since l is constant in this case, denoting s ≡ s(l p) and differentiating
both sides of (9) with respect to l p, we have

dy
dlp

= f (k̄)

l
[(l − s)ϕ′(s) − ϕ(s)] s′(l p)

Hence, for a given �l p > 0, we obtain

�y = f (k̄)

l

∫ l p+�l p

l p
[(l − s)ϕ′(s) − ϕ(s)] s′(l p)dlp

= f (k̄)

l

∫ s+�s

s
[(l − s)ϕ′(s) − ϕ(s)] ds

Again, since it follows from (8) that (l − s)ϕ′(s) − ϕ(s) > 0, it is clear that
�y > 0 as long as �s > 0.

In both cases, it is easy to see from the expressions of �y that the larger
the increase in s that arises from a given increase in l or l p, the larger the
increase in y.

When an extended overlap, resulting from prolonged life expectancy,
brings about additional human capital formation as illustrated in Figures 4.1,
4.2 and 4.3, it also raises the per capita output at any point in time. Simil-
arly, when an extended overlapping that is not accompanied by a change in
life expectancy induces additional human capital formation as illustrated in
Figures 4.5 and 4.6, it also raises the per capita output at any point in time.
Therefore, whenever the overlapping-duration channel is operative, either
in conjunction with the life-expectancy effect or independently of it, an
increase in the intergenerational overlap is welfare-improving. By the same
token, a shortening of the overlap between parents and their children can
have an adverse impact on human capital formation, and hence on welfare.

Corollary Consider two identical economies in which the overlapping-
duration channel is operative. The economy that experiences an increase
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in the duration of the overlap will enjoy a higher per capita output than
the economy in which the duration of the overlap remains unchanged.

5 Complementary reflections

In a highly stylized economy in which material capital is the only produc-
tion input, the production function is concave and the cost of acquiring
capital is linear, a lengthening of the lifespan of capital prompts the optimal
acquisition of more capital. The pioneers some four decades ago of the mod-
ern theory of human capital, notably Jacob Mincer, Theodore W. Schultz and
Gary S. Becker, were duly aware of the powerful analogy between the effect
of the lifespan of material capital and the effect of longevity, as a proxy of the
length of the period during which human capital renders a return. Yet, while
the acquisition of more material capital (machinery) today in response to a
lengthened lifespan would presumably crowd out the acquisition of mater-
ial capital tomorrow, a lengthened life expectancy could crowd in human
capital formation by the next generation. Here, the direct analogy between
the two types of capital apparently breaks down.

The positive effect on human capital formation of overlapping with a par-
ent arises from the parent’s provision of support for the child’s formation of
human capital. In the absence of any reverse transfer from the child to the
parent, the motive for the parental support is altruism. In this part of the
chapter we assume parental altruism within dynasties rather than explain
why and how it evolves – an issue that we address in the first part of this
chapter, as well as in related work (Falk and Stark, 2001).11,12

While the assumption that the parent provides somewhat less than full sup-
port in the child’s pursuit of human capital will affect the absolute size of the
effects in our model, it will not change the model’s qualitative predictions.

A widely held view maintains that in developing economies, delayed
marriage and postponed childbearing will hasten the pace of economic devel-
opment and entail a higher per capita output. The rationale is that as a
consequence of delay and postponement, the denominator in the output
per capita ratio will be smaller, and the numerator will be larger since adults
(young women) will be spending more of their productive time working in
the economy rather than tending to home production (rearing children). Yet
if the economic environment in which such changes occur is characterized
by a fixed (or little-changed) life expectancy, the intergenerational overlap
will be reduced, possibly impinging negatively on human capital formation
(Proposition 2), and on welfare (Proposition 3).

To discriminate between the received model of human capital formation
and the overlapping model, consider a setting in which the life expectancy of
the individual’s parent is rising (the intergenerational overlap is lengthened)
and the individual’s life expectancy is declining, yet the individual invests
more in human capital formation. Such an outcome can arise only from
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the operation of the overlapping effect since the individual’s negative life-
expectancy effect (the shortened duration of the payback period to an invest-
ment in human capital) implies a reduced investment in human capital.
The same discriminating test applies if the life expectancy of the individual’s
parent is rising, and the individual’s life expectancy remains unchanged.

One possibility for empirically assessing the distinct effect of the intergen-
erational overlap on human capital formation is to examine the age of home-
leaving and to explore whether this age correlates positively with schooling.
A study of the long-term trend in the age of home-leaving in the United States
(Gutmann, Pullum-Piñon and Pullum, 2001) provides illuminating evidence.
The study asks whether young people aged 15–29 were living with one or
both of their parents at the time of each of the decennial censuses from 1880
through 1990. The study finds that, with the exception of the Second World
War era (and in contrast to widely-held views), the age of leaving home rose
in twentieth-century America. The study further suggests that a reason for
leaving home early is the death of the parents, and it points out that over the
century there was a dramatic decline in the likelihood of becoming an orphan
between the ages of 15 to 29, a change brought about by the steady decline
in adult mortality. In addition, the study highlights the sharply increased
likelihood of attendance of high school by those aged 15–19, ‘and with it the
likelihood that they would live at home’ (p. 10). Thus, the long-term trends
that the study depicts are that the age at which young people ceased to live
with their parents rose, adult mortality declined, and schooling and higher
education – especially in the form of community colleges – increased.

Within the field of the economics of human capital formation, there has
long been a debate concerning the causal relationship between education
and health (with age being the most important component of health). Many
empirical studies have shown that there is a positive correlation between edu-
cation and health. However, the source of this correlation is not clear. It has
been suggested that the observed correlation is caused by a third variable that
is correlated both with education and with health (Grossman and Kaestner,
1997; Grossman, 2000). The duration of the intergenerational overlap could
constitute the elusive variable.

If the poor in an economy overlap with their children for a shorter time
span than do the rich, the children of the poor will run out of parental
support earlier than the children of the rich, and could therefore acquire
less human capital even if all children have access to equally-priced market
finance. Thus, rendering the terms under which children from poor families
can borrow in order to pay for their acquisition of human capital equal to
the terms under which children from rich families can so borrow may not
equalize the investment in human capital environment for the two types of
children under differential overlapping.

A low likelihood that a costly human capital formation today will be rewar-
ded by a flow of returns tomorrow dampens investment in human capital.
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Among the considerations that impinge on this likelihood is the risk to life
emanating from civil strife. It is less appreciated, though, that the probability
that civil strife will occur is negatively affected by the level of investment in
human capital: people who stand to lose a large quantity of human capital
are less inclined to resort to violent means of settling disputes and resolving
conflicts than people who risk only meager quantities of human capital. To
the extent that an extended overlap entails the formation of a larger quantity
of human capital, the duration of the overlap will be correlated negatively
with the likelihood of civil strife or with the likelihood of brutality.

Appendix to Part 1

To substantiate the claim that a non-random formation of couples will only strengthen
the case for cooperation, note that if matching is purely (positively) assortative, the
fractions of cooperator marriages and defector marriages are, respectively, x and 1 − x.
To allow matching patterns that are intermediate between the polar cases of purely ran-
dom matching and purely assortative matching, we define a parameter m where 0 ≤
m ≤ 1, such that when matching is purely random m = 0, and when matching is purely
assortative m = 1. The number of cooperator–cooperator marriages is then (N/2)[x2 +
mx(1 − x)], and the number of cooperator–defector marriages is N(1 − m)x(1 − x).

It follows that the probability that a randomly chosen child is a cooperator is x; given
that a child is a cooperator, the conditional probability that its sibling is a defector is
(1 − m)(1 − x)/2; given that a child is a cooperator, the conditional probability that its
sibling is a cooperator is 1 − (1 − m)(1 − x)/2; and given that a child is a defector, the
conditional probability that its sibling is a cooperator is (1−m)x/2. (Given that a child is
a defector, the conditional probability that its sibling is a defector is 1−(1−m)x/2.) Since
in this case p1 = 1−(1−m)(1 − x)/2 and p0 = (1−m)x/2, it follows from the proposition
that cooperation will be globally stable if b[1 − (1 − m)(1 − x)/2 − (1 − m)x/2] > c that
is, if b(1 + m) > 2c.

Appendix to Part 2: proof of Proposition 1

We first consider the case where either s < l p or s > l p, and then the case where s = l p.
If either s < l p or s > l p, that is, the marginal benefit curve intersects the marginal

cost curve either at its lower portion before the jump (recall Figure 4.1), or at its upper
portion after the jump (recall Figure 4.4), the second term in the right-hand side of (8)
is constant. Hence, from differentiating both sides of (8) with respect to l we obtain

e−r̄(l−s)
(

1 − ∂s
∂l

)
ϕ′(s) + 1

r̄
[1 − e−r̄(l−s)]ϕ′′(s)

∂s
∂l

= ϕ′(s)
∂s
∂l

which implies that ∂s/∂l = (e−r̄(l−s)/A)ϕ′(s), where

A = [1 + e−r̄(l−s)]ϕ′(s) − 1
r̄
[1 − e−r̄(l−s)]ϕ′′(s) > 0

Thus, (∂s/∂l) > 0 for both s < l p and s > l p.
Considering now the case where s = l p, we prove, by contradiction, that �s > 0 for

a given �l = �l p > 0. Suppose this is not true so that �s ≤ 0 for a given �l = �l p > 0.
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Since s = l p, we obtain from (8) that

1
r̄
[1 − e−r̄(l−s)]ϕ′(s) = ϕ(s) + λδ(0)

where δ(0) ≥ 0. Let l1 = l + �l (>l), lp1 = l p + �l p (>l p), and s1 = s + �s (≤s).
It then follows that s1 < lp1 and hence, after the increases in l and l p, (8) becomes

1
r̄
[1 − e−r̄(l1−s1)]ϕ′(s1) = ϕ(s1)

But, because ϕ(·) is an increasing and concave function, the following inequality
also holds:

1
r̄
[1 − e−r̄(l1−s1)]ϕ′(s1) >

1
r̄
[1 − e−r̄(l−s)]ϕ′(s) = ϕ(s) + λδ(0) ≥ ϕ(s1)

The apparent contradiction completes the proof.

Notes

1 The inquiry pursued in this part of the chapter relates to the study of institutions
in yet another way. Schelling (1960, 1971, 1978) has shown how the interactions
of individuals in environments characterized by bounded rationality and imper-
fect information coalesce over time into customs, norms and institutions that
govern economic and social life. Schelling’s pioneering work was recently sup-
plemented significantly by Young’s study of economic and social institutions. To
Young (1998) an institution is an established law, custom, usage, practice, organ-
ization. (Examples of institutions are aplenty: rules of the road, time of lunch,
patterns of marriage, forms of economic contracts.) Young develops a theory that
predicts how institutions evolve and characterizes their welfare properties. View-
ing Hamilton’s rule as an institution places this part of the chapter’s inquiry in
that research vein.

2 We assume that the technology of human capital formation is invariant to the
method of financing; the edge of parental support over market financing arises
not from parents’ direct involvement in the formation of human capital by their
children, but from the intergenerational transfer constituting a means of financing
human capital acquisition that is less expensive than the market-based means
of financing.

3 To a child at the age of 15, the expected overlap with a parent whose age is 35
is best given by the contemporaneous life expectancy of adults at the age of 35
rather than by the life expectancy of the parental generation at birth. Life expect-
ancy at birth is quite sensitive to the incidence of children dying at very early
ages. Historically, life expectancy was increased through reductions in the num-
ber of children dying during infancy and the sharp increases in life expectancy at
birth were not followed by corresponding increases in longevity, although the two
measures were positively correlated. Since in this part of the chapter our interest
is in the effect of changes in the lifespan of adults, that is, in changes in the
mean age of death beyond infancy, our reference to life expectancy in the sections
that follow should be understood as life expectancy net of the effect of infant
mortality.

4 Alternatively, it can be assumed that the individual gives birth to a child at a
younger age and that the child reaches the human capital formation age only
at a point in time that is l c into the individual’s life. The years prior to that
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point in time are immaterial since they do not affect the child’s human capital
formation decision.

5 Since our aim is to unravel the pure effect of alternative durations of overlap-
ping on human capital formation, we consider the timing of giving birth, l c , as
exogenously given.

6 Our interest in this part of the chapter is in human capital formation. We con-
centrate on the effect of inter vivos transfers on human capital formation and we
exclude bequests. While the bequests that individuals receive undoubtedly affect
their welfare, ordinarily bequests are received at a point in time in individuals’ life
that is long past their human capital formation years.

7 In a more general setting in which the individual maximizes his lifetime utility∫ t+l
t e−β(τ−t)u(cτ )dτ subject to the budget constraint

∫ t+l
t dτ

t cτ dτ ≤ Vt , where u(·)
is the instantaneous utility function, cτ is consumption at time τ , and β is the
discount rate for the preferences, it is rather straightforward to show that under
a constant interest rate and perfectly competitive markets, assumptions to which
we resort subsequently, the individual’s indirect utility is strictly increasing in his
lifetime income Vt .

8 The assumptions of a small open economy and of perfect capital mobility imply
that the individual may borrow and lend at the constant world interest rate of
r̄. This result conveniently rules out the possibility of a complex dynamics – the
economy is always at a steady state. In particular, if there is a shock to the world
interest rate r̄, the economy will respond by moving to the steady state that is
associated with the new interest rate instantaneously.

9 The second-order condition for a maximum holds: (1/r̄)[1 − e−r̄(l−s)]ϕ′′(s) − [1 +
e−r̄(l−s)]ϕ′(s) < 0.

10 We exclude from consideration the exceptional case in which the marginal benefit
curve intersects the marginal cost curve at the lower corner of its vertical portion.
In other words, when s = l p, we assume that s solves (8) with a δ(0) > 0.

11 The extended overlap is tantamount to enhanced altruism, an effect studied
in Stark (1999, chapter 1). There, as here, the effect on the child’s well-being
is positive.

12 We further assume that parental altruism takes the form of sharing a meal, not
imposing a will; parents do not decide for their children how much human capital
the children should form.
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