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1. Introduction

When Paul Samuelson (1954, p. 387) formulated the free-rider problem associated with

the voluntary provision of public goods, he assumed that people were selfish. That is, each

person's utility was assumed to depend only upon his own consumption of goods. When

subsequent economists developed mechanisms to overcome free-riding, they also assumed that

people were selfish (Groves and Ledyard 1977, p. 787, Bagnoli and Lipman 1989, p. 588).

Consequently, when experimental economists have tested for free-riding or its antidotes in the

laboratory, they have tried to induce selfish preferences for goods by paying subjects

according to the decisions they make. They have hoped that these payments were high

enough to dominate subject's other predilections, such as boredom, mischief, or altruism.

Yet in numerous tests of the voluntary contribution mechanism (VCM), substantial

contributions towards public goods have been observed, often in violation of dominant

(selfish) strategies to contribute nothing (Davis and Holt, 1993). For example, Rose et al.

(1997) test a variant of the VCM, the provision point mechanism, where a threshold level of

contributions is required for a Pareto-improving public good to be funded. The authors

designed a one-shot decision with 100 subjects. 40 of the subjects had induced values for the

public good that were lower than the fixed contribution fee ($.50 or $1.75 vs. $3.00).' Yet of

these 40 subjects, 27.5% chose to contribute the $3 fee. Following the experiment, all 100

The mechanism tested by Rose et al. specified that contributions in excess of the
threshold would be used to provide extended payouts from the public good account. This did not
change incentives for low-benefit subjects, but the complexity may have added confusion.
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subjects were asked to rate the importance they attached to maximizing own earnings, and to

maximizing group earnings, each on 7 point scales. Incorporating subjects' relative responses

to both questions greatly increased the explanatory power of a logit regression predicting

contribution towards the public good (Rose et al. 1997, 27). More generally, Andreoni (1995)

has tested whether contributions in public good experiments result from kindness or

confusion, and has found evidence of both.

Challenges to the assumption of pure "own-consumption" utility have also come from

empirical studies of donations to charitable (public) goods. A recent large cross-sectional

study of Canadians found that 80% of adults contributed to at least one charity in 1997

(Statistics Canada, 1998). The study also found that low income families gave less than high

income ones in absolute levels, but three times more as a percentage of income. As Itaya et

al. (1997) have noted, selfish preferences for private and (charitable) public goods would

imply dollar-for-dollar crowding out of private donors by government provision. Selfish

preferences would also imply that in large economies, only the richest individuals would

contribute towards public goods. Empirical evidence has not supported either prediction,

causing some to look for altruistic preferences as an explanation (Andreoni, 1990).

That altruism might partly explain people's contributions to public goods has led to a

discussion of how it might best be modeled. Andreoni (1990) has shown that giving by low

income households and a lack of complete crowding out can be predicted if individuals

receive utility from the quantity of public goods they voluntarily contribute. Alternatively,

Itaya et al. (1997) propose it could be the value (price x quantity) of public good contributions
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that brings us satisfaction. While either type of "golden glow" altruism resolves some

empirical puzzles, neither can explain some additional experimental findings. Isaac et al.

(1994) find that voluntary contributions per person increase with group size, and Goeree et

al. (1998) find they increase in the external return to others. If contributors care only about

the size of their own contributions, these contributions should not be affected by the number

of beneficiaries or the degree to which others benefit.

A common alternative is to assume that an individual has "pure" altruism, or that he

derives "internal" utility from the goods he consumes, and "external" utility from the internal

utility others receive from the goods they consume.' Thus, the greater the number of other

people who stand to benefit from a person's contribution to a public good, the greater the

marginal benefit he will receive from that contribution.

This paper asks how this latter form of altruism will affect the performance and

evaluation of common public good mechanisms. Recent theoretical work has suggested that

the study of optimal public good provision has not suffered much by neglecting altruism.

Eduardo Ley (1997) has shown that a Pareto efficient allocation of a public good in an

economy with altruistic agents would still have been a Pareto efficient allocation with selfish

agents, though with a different set of welfare weights. It is as if altruistic individuals were

requesting lower social welfare weights for themselves. Ley also attempts to show that if

preferences are restricted to some form of quasi-linear utility, such as the generalized version

2 This has been the approach adopted by, for example, Anderson et al. (1997) and
Ledyard (1995).
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introduced by Bergstrom and Comes (1981), the socially optimal provision of a public good

will be invariant to income distribution or welfare weights. In this case, altruism has no effect

upon the socially optimal amount of a public good that should be produced (Ley, 1997, 26).3

So why worry further about altruism? There are three reasons. First, the conditions

under which optimal public good provision is independent of altruism are narrower than Ley

indicates, or than many economists recognize. Second, even when Ley's findings do hold,

public good mechanisms have been developed to improve efficiency under the assumption that

individuals are selfish. Such mechanisms may lose their intended efficiency properties if

individuals are partially altruistic. Finally, experimentalists who try to evaluate the efficiency

of public good mechanisms may be incorrectly assuming that individuals are purely selfish.

Thus mechanisms may appear to lack or possess efficiency in experiments because altruism

is not taken into account.

This paper will address these three issues in turn. First, the separation of altruism from

optimal public good provision that is possible under quasi-linear utility will be shown to hold

only for interior solutions. However, interior solutions will not occur if social welfare weights

are unequal, or if altruism is not uniform across the population. Altruism can then have subtle

and surprising effects on optimal provision levels, making it difficult to estimate its effects on

efficiency. As a result, altruism's effect on the efficiency and evaluation of public good

mechanisms are addressed only under the restrictive assumptions that welfare weights and

3 Bergstrom and Comes (1981) propose the utility function U,(X, y) = v(X)y, + u,(X) as
the minimum structure required to separate optimal provision of a public good from the
distribution of private income. It is sometimes called generalized quasi-linear utility.
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altruism are uniform. I consider altruism's effects on three public good mechanisms: the

voluntary contribution mechanism (VCM), the provision point mechanism (PPM), and the

Groves-Ledyard tax mechanism (GLM). Quasi-linear utility shall be employed throughout.

Section 2 will discuss the problems of separating allocation and altruism. Section 3 will

examine altruism's effects on the VCM, Section 4 the PPM, and Section 5 the GLM. A brief

discussion and conclusion will follow in Section 6.

2. Does Quasi-linear Utility Really Separate Efficiency and Distribution?

Let us ground our discussion in a simple exchange economy with a public good.

Suppose there are i = N people, each with an endowment co,. Individuals each consume

both a private good, A, and a public good, X. Individuals may directly consume their

endowments as private goods (with py set to 1), or contribute some quantity xi towards X

(= ), which is produced with constant per unit cost mc. Each person i has quasi-linear

utility of the form

U, = h, (X) + A + 2J ai., (h_,(X) + i = N (1)

In other words, i's utility has an internal component inXandy, with h1'() > 0 and 11111() s

0, and an external compOnent from the utility other people derive from their consumption.

In the most general case, i may assign a different altruism weight ao to each other person,

= N-1. The choice of quasi-linear utility should be explained. As mentioned in
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footnote 3, Bergstrom and Comes (1981) have proposed a more general form of (selfish)

quasi-linear utility that separates the issue of optimal public good allocation from the

distribution of income. General quasi-linear utility contains quasi-linear utility as a special

case, but avoids the latter's unrealistic assumption that increases in wealth have no effect

upon the optimal amount of the public good. However, general quasi-linear utility also loses

the property of concavity, and yields fewer closed form solutions. Thus, for the illustrative

analysis in this paper, I have retained the more restrictive form of (1).

Following Eduardo Ley, let us identify the socially optimal level of X, or Xs°, first

without and then with altruism. Maximizing a (concave) social welfare function with

positive weights y; for i = N people, subject to an aggregate resource constraint, we have

Max W = L' y, (h,(X) + + A - 2Jy - nzc X)
(all x, ally)

(3)

If we restrict ourselves to the case where positive quantities ofXandy, for all i will solve (3),

the first-order conditions will be met with equality:

oW/dX: L' y, h,"(X) - Anw = 0 (4)

y, = A for i = N (5)

Substituting (5) into (4), we find that Xs° must satisfy the Samuelson condition,

/71"(X) = mc (6)

For example, if/z(X) = a, ln X for i = 1,...,N, then Xs° =( a,)/mc.

Continuing our focus on interior solutions, we shall see that introducing altruism to
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selfish quasi-linear preferences has no effect on X' :

Max W= +y1 ± a' (h-,(X) y-i) A(2,- - //lc X) (7)
(aux, ally)

(RV/ eX: y, (//1'(,19 + h: (X)) - Amc = 0 (8)

(5W/ey,.. y, = A - E y_,a_„ for i = N (9)-i •

Substituting (9) into (8), and multiplying out the expression, we get

Af h,"(X) + Agero 'It,"(X)) - -17 a, yirx)(27 h.:(,1)) = Alm (10)

Substituting A = y, + E y.,ez, from (9) into the second term, and multiplying out this

expression, the four terms involving cc 's all cancel, leaving the same Samuelson condition

as without altruism:4

Eh,"(X) = mc for i = N. (11)

However, the restriction to interior solutions is misleading for quasi-linear utility.'

For as soon as the welfare or altruism weights, y, or cc,, differ across people, it can no

longer be optimal for every individual to consume the good that enters linearly, y. In the case

without altruism, the first order condition (5) will hold with equality only for the

4 Two terms directly cancel, and Etc1 yi h_ii(X)) is equivalent to cc4 ) .

5 Ley (n.4, p. 25, 1997) states that he deals only with interior solutions, but suggests that
corner solutions would add no additional insights. The same oversight is made in a standard
graduate microeconomics textbook (Varian, p. 419, 1992).
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individual(s) assigned the largest welfare weight. Only these individuals will determine the

value of A, the social marginal utility to society of an extra unit of income:

Yi max =A (12)

Substituting (12) rather than (5) into (4), the socially optimal provision of Xis given by

yi h1"(12 = mc yrax (13)

Thus, the optimal quantity of X depends on the distribution of income, because of the

unequal assignment of welfare weights. An analogous argument holds in the case with

altruism. The first order condition (9) will only hold with equality for what I shall call the

"definitive" individual(s). The definitive individual is the one considered most worthy to

consume y by a combination of the social planner and other altruistic agents. It is the

definitive individual(s) in (9) who will determine A, the marginal utility to society of an

additional unit of income:

ma' = A (14)

Substituting (14) rather than (9) into (8), the optimal provision of Xis given by

E 7;0: ( A + 00) = mc (Yi+ (15)

As long as welfare weights or altruism can vary across people, X' will be dependent on both.

In particular, the optimal provision of the public good will be linked to the strength and

variation of altruism in the population.

How troublesome is this link to a study of altruism upon the efficiency of public good

mechanisms? Is there a simple monotonic relationship between altruism and optimal public
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good provision? Unfortunately, no. Heterogeneous altruism can have subtle effects on the

quantity of the public good that should be provided. The following example illustrates this.

Suppose that person A is definitive, and also that he most likes the public good. If

A begins to shift his own utility weights towards other agents, X' could actually increase

before eventually decreasing. This is because A's growing selflessness/altruism is having

two potentially offsetting effects. As A grows more altruistic, the marginal utility to society

of his enjoying the public good falls. But recall that, so long as A remains definitive, he

receives all residual private consumption, y. So as A grows altruistic, the marginal utility to

society from his private consumption is also falling relative to using the income to fund the

public good for others to enjoy. If the latter effect outweighs the former, X' can increase

in A's altruism until he loses his definitive status. Then, the two influences become

reinforcing, and Xs° starts to fall. Figure 1 provides illustrations of this and other

possibilities.

If heterogeneous altruism can have ambiguous effects on the "benchmark" of optimal

public good provision, it makes it difficult to gauge it's effect upon the efficiency of public

good mechanisms. To keep the optimal benchmark constant, I shall only consider the effects

of uniform altruism, with equal social welfare weights. These restrictions are admittedly

unrealistic, and justified only on the grounds of making the subsequent analysis tractable.

3. Altruism and the Voluntary Contribution Mechanism

Recall from (6) or (11) that with uniform welfare weights and altruism, A's° is



10

Figure 1

Heterogeneous Altruism's Effect on Optimal Public Good Provision: A Simulation

Parameters: N = 3

U1 = 11(5111X +yi) a12(21nX +Y2) + an(InX +5'3)
U2 = a21(51nX +YI) + a22(21nX +y2) + «23(InX +Y3)
U3 = a31(51nX +5,1) + a32(21nX +Y2) + a33(InX +h)

Case A:

Case B:

631 = ca2 = 633 = 10

where all + a12 + cc,, = 1
where a21 + a22 + a23 = 1
where a31 + a32 + a33 = 1

Social Welfare Function = y,Ui + y2U2 + y3U 3 where yi + Y2 + y3 = 1

Y2 = .252 Y3 = .259 a22 - "33 = 1
If a11 = 1, Person 1 will be definitive. Suppose Person 1, who most likes the public
good, becomes altruistic towards 2 and 3, so that all drops from 1 to .1, while a nand
a13 both rise simultaneously from 0 to .45. Xs° rises until Person 1 loses

. definitiveness when an drops below .67; Xs° then declines.

10
X 8
<6
2
F.: 4
a. 20

0

0 0.2 0.4 0.6 0.8

VS ALTRUISM TOWARDS 2,3

y= .2S, y2 = .25, y3 = .5, a22= a33 =1
Now if aii= 1, Person 1 will not be definitive. 1fPerson 1 becomes altruistic towards
2 and 3 as in Case A, Xs° unambiguously falls.

0.2 0.4 0.6 0.8

I'S ALTRUISM TOWARDS 2,3
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Case C:

Case D:

Figure 1 (Cont'd)

yi = .25, y2 = .25, y3 = .5, an = a22 = 1
If a33= 1, Person 3 will be definitive. Suppose Person 3, who least likes the public
good, becomes altruistic towards 1 and 2, so that a33 drops from 1 to .1, while a31and
a32 both rise simultaneously from 0 to .45. Xs° rises until Person 3 loses
definitiveness when a33 drops below .67; Xs° then declines.

'

0.2 0.4 0.6 0.8

3'S ALTRUISM TOWARDS 1,2

Y2 = .25, y3 = .25, a11= an = 1
Now if a33 = 1, Person 3 will not be definitive. If Person 3 becomes altruistic towards
2 and 3 as in Case C, Xs° unambiguously falls.

0.2 0.4 0.6 0.8

3'S ALTRUISM TOWARDS 1,2

characterized by _Ski(X') = mc. How well does the VCM fare in achieving this? When

confronted with the VCM, individuals in a population without altruism seek to



Max (I, = h,(X) + yi ,

subject to Inc x, + y; s (4,

and X = for i N

(16)

12

If people differ in their tastes for the public good, there is a real possibility of corner Nash

solutions. Using substitution, the first order condition with respect to x, for each person is

11,1 (X) s mc

112' (X) s Inc

(17)

hi; (X) s flic

The Nash equilibrium quantity of the public good, X*, if it exists, will be determined by a

subset of individuals. The subset will consist of the individual who most likes the public

good, subject to her budget constraint. If she cannot afford to unilaterally fund her desired

amount, she exhausts her budget contributing, and the second most enthusiastic makes up the

difference between the X he desires, and what the first person contributes. And so on. If we

denote person i as the person who most likes the public good, this implies that the maximum

possible Nash quantity X* will be given by her first order condition, met with equality:

17," (X.) = mc. (18)

From this it follows that the Nash quantity X*, is less than the optimal level Xs° . To see this,

rearrange the Samuelson condition from (11),

= mc - 1,1_," (X') (19)



Thus, 11," (r) > h," (X'), which will only occur if X* <

On the other hand, altruistic individuals facing the VCM seek to

Max U; = VA') Yi + (h-dx) Y-i )

subject to mc x1  y; s o,, (20)

and X = Ex; for i = 1,..., N.

13

Once again, any Nash equilibrium that exists may well involve a corner solution. Using

substitution, the first order condition with respect to x, for each person is

(X) + a h.: (X) s mc

h2YX) + a . 711-,1 ('9 s Inc

hN'(X) + Eh.: (X) s mc-;

(21)

As before, the individual i who desires the largest quantity of the public good will determine

its maximum possible Nash quantity. Now, however, this desire may come from a strong

preference for the public good itself; or from strong altruism towards others. Either way, the

maximum possible Nash equilibrium X* is identified by person i's first order condition:

+ f = mc (22)

Any Nash equilibrium identified by (18) will be at least as large as that identified in the case

without altruism. How much larger? If individual i assigns a weight to each other person's

internal utility equal to his own, (a = 1), and he could afford to, he would unilaterally fund

the socially optimal amount of the public good. In fact, if a = 1 all individuals' first order
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conditions would be identical, and there would be a multiplicity of Nash equilibria where the

sum of contributions was socially optimal. Less optimistically, if 0 < cc < 1, the Nash

equilibria would as before be determined by a subset of those who most like the public good,

at an intermediate level between the Nash without altruism and the social optimum. Finally,

if cc > 1, there could exist Nash quantities of X* that exceed Xs°, funded by a subset of the

those who internally least like the public good.

Intuitively, however, meeting or exceeding the socially optimal quantity Xs ° is

unlikely. In groups of 3 or more, it requires that individuals care more about the internal

happiness of others than they do about their own. Such extreme altruism would beg the

question why individuals do not just make direct income transfers to others, rather than

relying on the indirect redistribution of public good funding.6 Thus, as long as altruism is

present but limited ( 0 s a < 1 for all i), it can improve the efficiency performance of the

VCM, but not sufficiently to enable the population to reach the optimal allocation.

This sketch is consistent with the VCM experimental data that has been observed.

Early experimenters who tried to control internal payoffs, and assumed an absence of

altruism, were surprised at the degree of public good provision and efficiency of one-shot

VCM games. None-the-less, full socially optimal contributions have almost never been

observed (Ledyard, 1995).

6 I thank a participant at the 1998 Economic Science Association Meetings in
Mannheim, Germany for this observation.
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4. Altruism and the Provision Point Mechanism

Bagnoli and Lipman (1989) are credited for introducing economists to a simple, yet

effective demand-revealing mechanism for voluntary public good provision. Provision point

mechanisms (PPM's) work by creating a large discontinuity in people's reward from funding

a public good. If total voluntary contributions reach a pre-announced threshold, a pre-

specified amount of a public good is provided. Otherwise, unsuccessful contributions are

returned. Contributions over and above the threshold are wasted.' Bagnoli and Lipman have

shown that this contribution game creates multiple Nash equilibria of contributions that just

sum to the threshold. In any particular equilibrium, each person ensures that his contribution

to the sum does not exceed the benefit he derives if the good is successfully provided. The

resulting contribution plan will be a Nash equilibrium because anyone who unilaterally gives

a dollar less will cause the good not to be funded, making the deviator worse off. If anyone

unilaterally gives a dollar more, no more of the public good will be produced, and the donor

will have less income remaining for private good consumption.

Unfortunately, the PPM creates less desirable Nash equilibria as well, such as when

all contribute zero. Bagnoli and McKee (1991) argue, however, that below-threshold Nash

equilibria are not sensible, in that individuals are no worse off venturing contributions up to

their valuations, since the worst that can happen is that their contributions are refunded.'

Thus, as long as agents can coordinate on one of the sensible Nash, the PPM mechanism

Subsequent experimental extensions of the PPM mechanism have provided extended
benefits with excess contributions, or offered proportional refunds (Marks and Croson, 1996).

'3 Threshold equilibria are also "perfect" equilibria; best responses to others' best
responses or to other's slight errors.
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should yield Pareto-efficient outcomes. If adding a specific amount to a public good

increases social welfare, the PPM ought to successfully provide the addition.

How does uniform altruism affect the efficiency of the PPM? As we shall see,

introducing altruism can make the PPM mechanism generate Nash equilibria that will lower

social welfare. As with the VCM, however, all such cases that I can find require altruism

weights greater than 1. To see this in detail, let us return to our public good economy. Once

again, we have N agents with utility given by

= hd-A9 + ± (h-,(X) y-i) (23)

Suppose this society already has an amount of the public good that satisfies the Samuelson

condition: h:(X) = MC. In the interior case with uniform altruism and welfare weights,

this society is already satisfying the necessary condition for X to be socially optimal, Y°.

Since the social welfare function is concave, the Samuelson condition is also sufficient; we

can be sure the society is starting off with the optimal amount of the public good. However

Xs° was funded, this has left each individual co, to spend on the private good.

Next suppose someone has the bright idea to raise the level of the public good to Xs°

+ E. To do this, it is proposed that a subset of the population N, denoted G givers, each

contribute an amount, g„ where Eg, = nic c. Any remainder of the population would be

designated non-givers, NG. If we substitute in people's budget constraints, the proposal's

success will give a "giver" the following utility:

Ug = h,(X' + c) + (w, - g)



+

On the other hand, if the plan were not carried out, the giver's utility would be

Ug= h,(Xs°) + 64 + a lk,(Xs°) + A(d,-FA6).1) •

Subtracting the two, giver i will be better off with the proposal if

h,(X' + e) - li,(Xs°) - g,

+ a 11_,(Xs° + e) - - > 0

(24)

(25)

(26)

17

The expression following a is the net external gain to others that giver i enjoys if he carries

out his assigned role in the contribution plan, and the plan succeeds. If we restrict this

external benefit to be positive, giver i will be better off with the plan's success if

a > - Ogs° + - hdXs°) 
+ hixs° + - +117_,(X') - )

(27)

The denominator of (27) represents the external gain to i from the plan, while the numerator

represents the internal loss. Of several possible cases, we shall consider here the one where

the plan causes the giver internal loss but external gain. The other possible cases are

considered in Appendix 1.

If the potential giver experiences internal loss and external gain, the denominator and

numerator of the right hand side of (27) are both positive. Thus, (27) tells us that a designated

giver would be better off with the plan's success than with its failure if he has sufficiently

strong altruism. If all G designated givers have sufficiently high altruism to satisfy their own
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versions of (27), then the ill-advised plan will be a Nash equilibrium. For in this case, a

unilateral reduction in contribution below A by giver i would result in the plan's failure,

lowering i's total utility. A unilateral increase in contributions would be wasted. For any

individual designated a non-giver, it is not possible to give less than zero. Similarly,

designated non-givers would not want to waste resources by giving some positive amount.

It thus looks like altruism can make the PPM generate Nash equilibria that lower social

welfare.

How altruistic must designated givers be for such unfortunate Nash equilibria to exist?

As with the VCM, the weight they assign their external utility gain must exceed the weight

they assign their internal utility loss, or ai > 1 for all G givers. To see this, note from the

Samuelson condition that

L' ( + e) < mc (28)

Next, from the definition of a first derivative with a small increase in the public good, E,

12,(X' + e) - 2 h,(Xs°) < mc c = (29)

Separating out the benefits and costs of one of the G givers, this can be re-expressed as

+ c) - 2J h (X') -2J1g, < g,- h,(Xs '9+ 6)- 11,(Xn ) (30)

The two sides of (24) are simply the denominator and numerator of (21). Since both sides

are assumed positive, this gives us our result: the lower bound provided by the right hand

side of (27) exceeds 1. If a proposal lowers the internal utility of all designated givers, but

raises their external utility, each of them must have an a that exceeds one for each to be
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better off supporting the plan.

To sum up, I have shown that for a society with quasi-linear preferences and uniform

altruism, the PPM can support a Nash equilibrium that moves the society away from the

socially-optimal level of public good provision. As with the VCM, however, the degree of

altruism required is such that people place a greater weight on the external gains they cause

to others than on the internal losses they cause themselves. An example is provided in

Figure 2.

What are the implications of altruism for the experimental evaluation of the provision

point mechanism? We can use the scenario just developed to illustrate potential problems.

Suppose a group of subjects begins withX° of the public good (not necessarilyX'), and faces

a one-shot PPM. Suppose further the group has somehow coordinated upon a Nash

equilibrium that would raise X° to X'. As in equation (26), an altruistic contributor can

compare the difference in utility from contributing an agreed-upon amount g, for this Nash

solution, with the utility from any lesser contribution that blocks the additional provision.

The difference in utility is:

h,(X9 - hdr) - g, + - - (31)

The effects of unsuspected altruism could work as follows. A subject may find the gain in

internal utility from the additional provision insufficient to justify contributing g1. If the

internal gains to others are positive, however, the external utility gain to our subject may tip

the scales to make cooperating with the plan rational. This may have occured in the Rose et
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Figure 2:

An Example of How Altruism Can Make the PPM Pareto-inefficient

Parameters:

U, = ln X + y, + a (ElnX + Ey.,)

U2= in X ± Y2+ a (ZinX + EY-)

U3 = ln X + y3+ a (ElnX + Ey.)
4 4

U4 = ln X + y, + a (ElnX + Ey.)

N = 4, Current endowments wi= 6)2=
X° = Xs° = 4 mc = 1

Proposal:

03 = (.1)4= 1/2

X' = 5 to fund, 1 and 2 each contribute their entire endowments, 1/2 and 1/2

3 and 4 contribute nothing.

With Funding Without Funding

Utility for givers 1 or 2: 1.609 + a(5.828) 1.886 + a(5.659)

Utility for non-givers 3 or 4: 2.109 + a(5.328) 1.886 + a(5.659)

Social Welfare (E U1) 7.438 + a(22.313) 7.545 + a(22.636)
i

Comments:

Though losing internal utility, both 1 and 2 are better off contributing if

altruism is sufficiently strong (a 1.634). This would make the Proposal

a Nash equilibrium under the provision point mechanism.

Yet whatever the level of uniform altruism, social welfare is reduced from

initial levels if the Proposal if funded.

;
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al. (1997) case cited in the introduction. If the experimenter is oblivious to these external

preferences, such contributions might well be attributed only to error. The converse case is

also conceivable. A subject may find a positive gain in internal utility from contributing cp

but not contribute because the contribution plan would cause internal losses to others if

implemented. The unsuspecting experimenter might naturally attribute this behaviour to free

riding. In short, altruism can make subjects with relatively low induced values contribute

when they "shouldn't," or subjects with high induced values not contribute when they

"should."

5. Altruism and the Groves-Ledyard Tax Mechanism

More ambitious than the provision point mechanism, the Groves-Ledyard mechanism

attempts to make the socially optimal provision of X a Nash equilibrium, and to provide

incentives for people to honestly reveal their preferences for the public good. The

mechanism, unveiled by Groves and Ledyard (1977), joins earlier mechanisms proposed by

Clarke (1971) and Tideman and Tullock (1976) that create individual marginal taxes that

depend on the reported public good valuations of all respondents. Though generally complex

and un-intuitive, tax mechanisms such as the GLM make it theoretically in people's best

interest to reveal their true preferences for public goods in a one-shot decision. As mentioned

previously, however, the GLM was designed assuming selfish utility.

To explore the effects of altruism, let us return one last time to our simple exchange

economy. With quasi linear utility, we have already seen that the optimal provision of the
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public good, must satisfy Eh,i(X) = mc, with or without altruism. Let us start without,

and consider Nash behaviour. An individual facing the (balanced-budget form) GLM seeks

to maximize utility by choosing both private consumption, y, and a "bid" xi, that he will

suggest be added to the public good. The tax cdx„x_d he will actually pay for the public

good, however, is a function of his own suggested bid, and everyone else's, x., for -i = 1,...,N-

1. The individual's problem is:

Max U =

subject to: y, + c,('x„x_) s coi (32)

Ex, = X

c,(x„x_) = (mc X)/N + (y/2) ((N-1)/N) (x,- (1/(N-1)) +"x_d2

- (y/2) (1/(N-2)) (x.,- (1/(N-1)) Esx_d2

With the constraints substituted in, an individual's first order condition with respect to

assuming an interior solution, is: 9

h,"(X) - mc/N - y ((N-1)/N) (x,- (1/(N-1)) = 0 (33)

If everyone has an interior solution, Groves and Ledyard's achievement may easily be

observed by summing the first order conditions of all i = 1.....N individuals:

L'h,"(X) - nic = 0 (34)

9 While assuming interior solutions for all individuals with quasi-linear utility is not
reasonable in the VCM, it is reasonable in the GLM, where the tax mechanism makes it incentive
compatible for all people who like the public good to bid positive amounts. Examples are easy to
generate.
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Thus the GLM Nash equilibrium, if it exists, satisfies the Samuelson conditions for Pareto-

optimality. Of relevance here, each individual's second order condition with respect to x, is

hi-PO - y ((N-1)/N) <0 • (35)

Thus, with the GLM, every individual's objective function is concave. Any interior bid

solution that exists will not only be welfare-maximizing, but individually optimal, and so a

Nash equilibrium.

What happens once we introduce altruism? As we shall see, altruism can erode the

concavity of each person's objective function after GLM constraints have been substituted

in. This can lead to corner Nash solutions that no longer satisfy the (necessary) interior

Samuelson condition for an optimal allocation.

An altruistic individual's problem in the GLM is particularly information intensive,

as he must be concerned not only with how his bid x, affects his own tax assignment, ctx,,x.),

but every other person's, c.,(x_,x..) as well. (x., refers to everyone but x„ and x_1 refers to

everyone but x.1). An altruistic person's problem is to

Max Ui= hi (X) + Yi+ E (11-,(X)
Op xi

subject to: y,+ cdx„x..) s

Y-i+ c-dx_px..) 6).; for = 1,...,N-1 (36)

Ex, = X

where c,(x„x.) = Onc XYN + (y/2) ((N-1)/N) (1/(N-1)) :2'x.)2

- (y/2) (i/(N-2)) 27 (x.,- (1/(N-1)) Eix-)2
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and c.,(x,x) = (mc X)/N + (y/2) (W-1)/N) (1/(N-1))

- (y/2) (1/(N-2)) (x,- (1/(N-1)) Ejx..)2

Substituting in the constraints and maximizing with respect to x, the individual's first order

condition is:

- mc / N - y ((N-1)/N) (x,- (1/(N-1)) + aL' - amc (N-1)/N

+ t (y/N) (1/(N-1),)L x.) c2 y (x,- (1/(N-1)) = 0 (37)

Let us begin by considering interior solutions, where i's and everyone else's first order

conditions are met with equality. Do we still get the Samuelson condition if we sum up

altruistic individuals' first order conditions? The answer is yes. Summing (36) over i =

1,...,N, we get

(1 + a(N-1)) = (1 + a(N-1)) mc , (38)

which reduces as before to the Samuelson condition. So altruism is not getting in the way of

making the interior solution socially optimal. Yet strong altruism can create a problem. An

individual's second order condition with respect to x, is no longer unambiguously negative:

111-(X) + 17_,-(X) - y ((N-1)/N) (1-a) < 0 (39)

Specifically, (39) will not be unambiguously negative, and i's objective function concave,

if a> 1. In fact, if altruism is strong enough, it raises the possibility that the interior GLM

solution (that satisfies Pareto optimality) will become individually utility-minimizing.

Instead, such altruism would push the Nash equilibrium solution to a corner, leaving the



25

Samuelson condition unsatisfied, and social welfare sub-optimal. Once again, however, we

see that altruism only has the potential to create a problem when individuals place an equal

or greater weight on the internal utility of others than on their own internal utility. Figure 2

provides some examples.

In the unlikely event an experimenter tests the GLM in a one-shot decision (the

mechanism usually has to be iterated, departing from theoretical predictions), how might

evaluation be affected? Unless subjects are extremely altruistic, weighting the internal utility

of others more greatly than their own, the interior (optimal) GLM solution should remain a

Nash equilibrium. In the unlikely event of extreme uniform altruism, other sub-optimal Nash

equilibria may emerge that involve a subset of players bidding so as to make the tax

mechanism exhaust their private endowments, while another subset of players bids nothing.

Measuring only by induced values, players will appear to be avoiding the interior socially

optimal allocation that the experimenter incorrectly thinks is the Nash equilibrium.

6. Discussion and Conclusion

That agents may have altruistic preferences over the happiness of others has been

suggested by some economics experiments and empirical studies of charitable giving. This

paper has asked whether such altruism might interfere with the efficiency properties of public

good mechanisms that were designed assuming that agents care only about their own

consumption. Unfortunately, attention was restricted to the case where agents have quasi-

linear utility, uniform altruism, and equal social welfare weights, in order to make the optimal
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Figure 3:

An Example of How Altruism Can Move the Groves-Ledyard

Nash Equilibrium Away From the Socially Optimal Allocation

Parameters:

111 = ln X + y, + a (ElnX + Ey.)

U2 = In X + y2+ a (ElnX + Ey.) mc = 1, y = 1,

U3 = In X + y3+ a (ElnX + Ey.) X° = 0, Xs° = 3
4 4

Without altruism: the Groves-Ledyard interior Nash solution (x1, x2, x3) = (1,1,1)
achieves the socially optimal allocation X = 3. Taxes are (c1, c2, c3) = (1,1,1)

With uniform altruism: Adding altruism does not alter the interior solutionper se.

At a = 2, however, this interior solution is no longer individually utility maximizing,
and so no longer a Nash equilibrium. If we allow negative taxes, multiple corner Nash
equilibria include, for example, (x1, x2, x3) = (5,0,0), with corresponding taxes (c1, c2, c3)
= (10,-2.5, -2.5), or (x i, x 2, X 3) = (0, 4.56, 4.56), with corresponding taxes (c1, c2, c3)
= (10, -.43, -.43).

If we do not allow negative taxes, multiple new Nash equilibria include, for example,
(x1, x2, x3) = (2, 0, 0), with corresponding taxes (c1, c2, c3) = (2, 0, 0), or (x x 2, X 3)

= (0, 4, 4), with corresponding taxes (c1, c2, c3) = (8, 0, 0).

In contrast, regardless of altruism, social welfare is maximized at the interior solution.

At (x1, x2, x3) = (1,1,1) X = 3 W= EU = 151.48

At (x1, x2, x3) = (5,0,0) X = 5 W = EU = 149.14

At (x,, x2, x,) = (4.56, 4.56,0) X = 9.14 W = EU = 137.50

At (x,, x2, x3) = (2,0,0) X = 2 W = EU = 150.40

At (x1, x2, x3) = (0,4,4) X = 8 W = EU = 141.19



27

Figure 2 (Continued):

Graphical Illustration of Altruism Eroding the Interior Nash (1, 1, 1) for Person 1:

a, =0
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level of the public good independent of income distribution or weights. It was pointed out that

quasi-linear utility can separate allocation from distribution (or "efficiency from equity") only

if social welfare weights are equal and altruism homogeneous.

What were the results? On the alarmist side, we have seen that altruism can cause the

voluntary contribution mechanism (VCM) to provide more than the socially optimal level of

a public good. Let loose on the provision point mechanism (PPM), altruism can generate Nash

equilibria that will lower social welfare from initial levels. And inflicted on the Groves-
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Ledyard tax mechanism (GLM), altruism can dissolve the interior Nash equilibrium that

maximizes social welfare. If pathological enough, it will turn this interior solution into a

utility-minimizing choice for individuals, and create a multiplicity of sub-optimal Nash corner

solutions.

However, all of these problems appear to evaporate upon closer inspection. In every

case I have identified, the degree of altruism needed to reduce the efficiency of these

mechanisms is outlandishly high. In the VCM, the altruism weight needed to make the Nash

equilibrium produce too much public good exceeds 1. In groups of 3 or more, this means that

individuals must place a greater weight on the internal happiness of others than on their own

internal happiness. An identical degree of altruism is needed in the PPM for all designated

givers to make a welfare-worsening proposal an attractive Nash equilibrium. And the same

degree of altruism is required in the GLM just to introduce the possibility that the interior,

socially optimal solution will lose its Nash properties.

To place this finding in perspective, Goeree, Holt and Laury (1998) have tried to

measure people's average altruism weight in a two-person linear payoff VCM experiment.

Their maximum likelihood estimate is cc = .09, which is far too low to cause the damage cited

above. And, as already mentioned, if people did have quasi-linear preferences and an altruism

weight greater than 1, they would do better to directly transfer their private wealth to others,

and not wait for a public good mechanism to do it indirectly. Thus, with quasi-linear utility

at least, it seems that plausible levels of altruism do not pose a threat to the efficiency of the

Groves-Ledyard or Provision Point Mechanisms. Indeed, in moderate strength, altruism
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improves the performance of the voluntary contribution mechanism.

On a constructive note, experimentalists should recognize the possible existence of

altruism when measuring the efficiency of public good mechanisms. As noted, altruism can

account for why the VCM generates greater contributions and efficiency than a selfish Nash

would predict. It can also explain the observation that some subjects contribute to provision

point thresholds when their relatively low induced values do not warrant it. And though

unlikely, it could explain why subjects in the GLM insist on pursuing sub-optimal corner

solutions that appear Pareto-dominated by an interior contribution plan. It might be prudent

for those running public good experiments to ask subjects in follow-up questionnaires the

importance they attach to maximizing own and group income, perhaps on separate scales as

Rose et al. (1997) have done.



30

Appendix:
The potential of altruism to create inefficient

Nash equilibria under the Provision Point Mechanism

A proposal is made to fund an expansion of the public good, X, beyond the socially
optimal level by designating a subset G of people to be givers, each paying a pre-specified
amount g1. A designated giver will be better off cooperating with the proposal if

a > g, -  + -   (Al)
( 12_,(Xs° + c) - 11_,(X') - )

so long as the denominator is positive. If the denominator is negative, a designated giver will
be better off cooperating with the proposal if the inequality sign in (Al) is reversed.

Separately, from the fact the proposal would exceed the Samuelson condition, it was shown in
the text (30) that

h (X' + c) - 2J h,(X') - 2Jg 1 < g, - (h,(X'+ c)- h,(X') ) (A2)
G-1

Case 1: numerator and denominator of rhs of (Al) both positive.

Cooperation causes internal utility loss, but external utility gain from internal gains to others.

If both the numerator and denominator are positive, (A2) tells us that a designated giver's
weight on other's internal utility, a, must exceed 1 for him to be better off contributing. If (A1)
holds for all designated givers, the inefficient proposal will be a Nash equilibrium.

Case 2: numerator of rhs of (Al) negative, denominator positive.

Cooperation causes internal utility gain, and external utility gain from internal gains to others.

This case is not possible. From (A2), the denominator of (A1) must be less than the numerator
of (A1), yet be positive when the numerator is negative.
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Case 3: numerator of rhs of (Al) positive, denominator negative.

Cooperation causes internal utility loss, and external utility loss from internal losses to others.

This case is possible. From (A2), the denominator of (Al) must be less than the numerator of
(Al), which it can be if the numerator is positive and the denominator is negative. Here, a
must be less than a negative value defined by (Al). An individual must derive sufficient
satisfaction from causing internal losses to others to support the proposal. If all designated
givers are sufficiently malevolent, the inefficient proposal will be a Nash equilibrium.

Case 4: numerator and denominator of rhs of (Al) both negative.

Cooperation causes internal utility gain, but external utility loss from internal losses to others.

This case is possible, but not for all givers. As before, from (A2), the denominator of (A1) must
be less than the numerator of (Al), which it certainly can be when both are negative. Here, a
must be less than a positive value defined by (Al). From (A2), we know the maximum upper
bound on a is 1. Thus an individual cannot overly weight the internal utility of others to
support the proposal.

However, Case 4 cannot hold for all designated givers. Since designated non-givers pay
nothing towards the proposal, and gain additional public good, a giver's cooperation can only
inflict loss on other designated givers. Thus not every giver can enjoy internal gains from the
proposal. Thus a Nash equilibrium will all givers described by Case 4 cannot exist.
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