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INCENTIVES IN AGENCY RELATIONSHIPS: TO BE
MONETARY OR NON-MONETARY?

PATRICIA CRIFO AND MARC-ARTHUR DIAYE

ABSTRACT. In this paper, we develop a Principal-Agent model with both mon-
etary and non-monetary incentives. We show that the latter are always more
efficient, that is Pareto-dominate, monetary incentives. Indeed, we not only
show that all what monetary incentives can do, non-monetary incentives can
do it as well, we go further and show the possibility for non-monetary in-
centives to increase intrinsic motivation, thereby compensating the fact that
higher rewards, rather than being encouraging can reduce the motivation to
provide effort. However, from a practical point of view, implementing such a
scheme within firms requires that the Principal knows the intrinsic value sys-
tem of the Agent which, as a by-product, gives rise to specific and interesting
issues.

1. INTRODUCTION

A growing literature has developed the past decade to study work motivation,
in particular building on the distinction between intrinsic and extrinsic motivation
and incentives. Departing from the assumption of purely self-interested agents, this
literature has explored the psychological effects of monetary rewards on motivation
and effort (see e.g. Frey, 1997, Kreps, 1997, Frey and Oberholzer-Gee, 1997). The
Motivation Crowding Effect Theory relies on the idea that there is a psychologi-
cal process which underlies intrinsic motivation and extrinsic incentives. Monetary
rewards may thus reduce intrinsic motivation: where individuals perceive an ex-
ternal intervention to be controlling, their intrinsic motivation to perform the task
diminish (Deci and Ryan, 1985).

However, as pointed out by Akerlof and Kranton (2003), “ A source of motiva-
tion is missing from current models of organizations. [We] characterize this missing
source as identity. By identity, we mean a person’s self image - as an individual
and as part of a group. (...) In the Army as well as in civilian organizations,
such identification - or lack of it - plays a critical role in determination of work
effort, incentive schemes, and organizational design. ” By incorporating the psy-
chology of identity into economic analysis of work incentives, Akerlof and Kranton
hence build another bridge between social psychology and economics within recent
developments of agency theory.
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2 PATRICIA CRIFO AND MARC-ARTHUR DIAYE

Such approaches provide an excellent analysis of psychological motives and their
effect on work motivation and effort within agency relationships. Our ambition is
different: without departing from the assumption of purely self-interested agents,
our goal is to examine whether whatever monetary incentives can do, non-monetary
ones can do it as well or not. In other words, we wish to compare the relative perfor-
mance of monetary versus non-monetary incentives within the standard Principal-
Agent framework in terms of Pareto-optimality, showing - from a theoretical per-
spective and with simple examples - which type of incentives dominates, that is
whether monetary and non-monetary incentives could be considered as relative
substitutes or complements.

By non-monetary incentives, we mean an incentives device composed of a fixed
monetary wage (which may be null) and a non-monetary reward that depends on
the state of nature. As we will develop it further in the next section, our definition
of non-monetary incentives is rather large. On the one hand, it may indeed be
considered as close to the notion of identity developed by Akerlof and Kranton
(2003), identity meaning a person’s self image. But on the other hand, by explicitly
including the state of nature, we embed many different notions of non-monetary
rewards (such as a medal, a promotion without a wage increase, a prize etc.) which
do not require the notion of self-image or self-esteem to be defined narrowly. Only
the system of values (“what matters for the agent”) needs to be given. This latter
element may be seen as a limit of our model since th Agent’s value system must
be known by the Principal, but it makes very general the notion of non-monetary
incentives.

Our paper relates to the debate on crowding theories of motivation in several
retrospects. First, our definition of non-monetary incentives takes into account
both motivation crowding-in (positive non-monetary incentives like private benefits
illiquid by nature) and crowding-out (negative non-monetary incentives, that is
sanctions or punishments).

Second, our model also explicitly takes into account the notion of adhesion to a
norm, defined by social psychologists and sociologists as a “general rule of voluntary
behavior” (see for instance the discussion by Kreps, 1997). Indeed, given that we
model non-monetary incentives with respect to the state of nature and the value
system of the Agent, a particular social norm can be considered as a particular
system of value to which the Agent adheres. We hence provide a theoretical tool
for analysing the importance of such elements within the context of any agency
relationship.

And thirdly, our paper contributes to the debate on the role of extrinsic incen-
tives versus intrinsic motivation. In the past decade, following social psychologists,
economists have shown how intrinsic motivation can be destroyed (at least partially)
when price incentives are introduced (see Frey and Oberholzer-Gee, 1997). In this
retrospect, our model shows that non-monetary incentives can compensate for such
crowding-out effects by increasing intrinsic motivation. Hence, we not only show
that all what monetary incentives can do, non-monetary incentives can do it as
well, we go further and show the possibility for non-monetary incentives to increase
intrinsic motivation, thereby compensating for the fact that higher rewards, rather
than being encouraging can reduce the motivation to provide effort. Non-monetary
incentives thus Pareto-dominate monetary ones. Yet, for this Pareto-dominance to
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be robust, our model implies, as we shall see this later, that the Principal knows
the value system of the Agent, which is a strong assumption.

To discuss the role of non-monteray incentives compared to monetary ones, our
article is composed of five sections. Section 2 presents the model and section 3
the results. The main result is close to a revelation principle whereby all what a
monetary scheme can do, a non-monetary scheme can also do it. In section 4, we
discuss the other advantages of a non-monetary incentives scheme. In particular,
we believe that such a system would increase the intrinsic motivation of agents.
Finally, we conclude the article in section 5.

2. THE MODEL

2.1. Basic set-up and definitions.

We consider a Principal-Agent relationship with moral hazard! in which the Prin-

cipal uses non-monetary incentives to determine the optimal contract. We group
these non-monetary incentives under the term of symbol. To give some examples
of symbols that can be perceived as non-monetary incentives in different contexts,
in particular because they affect a person’s image, either her self-image (as this is
the case in Akerlof and Kranton, 2003), or her social image, we give the following
(non-exhaustive) list.

Example 1.

A medal (military or civil like an olympic medal).

A promotion without a significant wage increase.

e An academic prize (e.g. Nobel Prize 2, Social and Welfare Prize 3, gold
medal of the French CNRS, etc.)

o A business Prize (e.g. being elected the “Manager of the year”) or recogni-
tion (like a business car, a business flat, a trip offered, flowers, a big office
ete.).

e Being member of a selective club (like the Rotary Club), of a national

sport team (soccer, rugby,etc.), of a professional society (e.g. Fellow of

the Econometric Society).

Such kind of symbols or “objects” that serve as non-monetary incentives may be
divisible as well as undivisible. We shall define now more precisely these “objects”.

IThe analysis can be extended to any other type of agency relationship (adverse selection,
signalling,...).

It seems that most researchers would prefer to obtain the Nobel prize even without the
monetary reward associated rather than the pure monetar reward, without the title “Nobel”.

3No monetary reward is associated to this prize.
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Let € be the overall set of all symbols and let ¢ and v f respectively denote the cost
function and the facial value function defined by :

c : Q— Ry
'Uf : Q—>R+

c(w) is the production cost * by the Principal of the symbol w and vf(w) is the
facial value of this symbol w. To give an illustration, let assume that w is a honor
medal, then ¢(w) is the production cost of the medal (e.g. ¢(w) =5 USD) and
vf(w) denotes the value of the medal (e.g. vf(w) =7 USD). If instead we assume
that w is a trip to Hawai, then c(w) is the cost (for the Principal) of this trip
(e.g. ¢(w) = 2000 USD) and vf(w) denotes the value of this trip (e.g. vf(w) =
3000 USD). Finally, another illustration would be to consider that w represents a
(monetary) wage, ¢(w) then equals w and vf(w) also equals w. In other words, a
wage is a particular symbol such that ¢(w) = vf(w) = w. We naturally focus on
symbols

i) which are such that the firm or the institution which orders them benefits
from price advantages, so that c(w) < vf(w)
ii) and which are not (monetary) wages :

Q={weN:c(w) <vf(w)andw ¢ W}

Remark 1. Symbols w € Q are not immediately liquid for the Agent who receives
them. Their role therefore does mot consist in yielding a monetary revenue to the
Agent.

We assume that the Agent’s preference relation is complete and transitive 7~ over
the set Q and that the set (Q, ,ﬁ) satisfies the usual condition of perfect separability.
Thus, there exists an order isomorphism h defined from (£, %) over (R,>).

Rather than using 2, we can therefore use the set S = h(2). Indeed, (S,>)
exactly fits the composition of (Q, i) s = h(w) hence is the symbolic equivalent
of win R.

It is interesting to use S because any element s € S is real.

h may be interpreted as a self-satisfaction or “ego” function. The Agent prefers
the symbol w to the symbol w’ because w provides more self-esteem than does w'.
Hence, h(w) may also be interpreted as the non-monetary wage provided by the
symbol w to the Agent. For the rest of the article, S will denote and be interpreted
as the set of all non-monetary rewards. To give a simple intuition and illustration
of our modelling of non-monetary schemes, let consider the following example.

Example 2. Q = {w;, wa, w3} where wy= honor medal (for instance, the French
“Legion d’honneur”), wa= a week in Hawai, ws= a week in Firenze.

c(w1) =5 USD; ¢(ws) = 2000 USD; ¢(ws) = 1000 USD
vf(w1) =7USD; vf(we) =3000USD; vf(ws) = 1500 USD
We can have : wy > ws = wo where > is the Agent’s strict preference relation. In

turn we get :
h(wl) =51 > h(w;g) = S3 > h(WQ) = So

4 Another cost is not taken into account here: the cost of organizing a public ceremony during
which the symbol is granted.
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Besides, the cost function ¢ is defined as follows :
c : S—Ry
s+ &(s) = c(h™'(w))
And when no confusion arises, we will (abusively) replace the notation ¢ by ec.

Finally, we assume that the cost of a symbol w is lower than the gain (in terms
of non-monetary reward) for the Agent :

c(s)

0 < a(s)<1

I
Q
=
»
N
&

We also assume that °:

a'(s) <0
This assumption simply means that the higher the self-satisfaction generated by a
symbol w, the lower the relative associated cost for the Principal. However, function
¢ is non monotonically either increasing or decreasing. Indeed, if we consider the
previous example 2 , we have :

s1>s3 but c(s1) < c(s3)

Let define the (risk-neutral) Principal’s profit function as follows :
Bz —w—c(s)) =x —w— ¢(s)

where w denotes the Agent’s monetary payment and c¢(s) is the monetary cost
(for the Principal) of the Agent’s non-monetary reward. z is a random variable
with respect to the results (for the sake of simplicity the random variable and its
realization are considered as identical), € X the set of results. w and s are in
fact two functions such that :

w : X —W
s : X— S

where W is the set of (monetary) wages, W C RY.
The Agent’s utility function is given by:

U(w,s,e).

It is assumed to be additively separable :

U(w, s, e) = u(w) +g(s) —v(e),
where e is an effort variable, e € R, ; with :
u(w) > 0,u"(w) <0,
v'(e) > 0,v"(e) >0,
g'(s) > 0,4"(s)<0
Remark 2. In the standard Principal-Agent framework, the traditional utility func-
tion with monetary incentives corresponds to the projection of U over W x Ry :
U(w,e) = VEroj U(w,s,e)

XR+

5Note that such an assumption is not needed in the proofs of our results.
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That is :
U(w,e) = u(w) —v(e)

Function g is a utility function with the same meaning of function u. g(h(w))
is the utility derived by the Agent from her non-monetary reward generated by
symbol w. Nevertheless, u and g may have different shape. We indeed pose that © :

u(w) = g(h(w)) = w > h(w)

The intuition and interpretation behind this is the following. Offering flowers to
one’s mother for the mothers’ day is less costly than sending her money, at identical
utility.

2.2. Illustrations.

To go further into the understanding of non-monetary incentives schemes, we give
the three following examples. The first one shows that two symbols may have the
same facial value while yielding a self-satisfaction (h) and a utility (u) different to
the Agent. The second and the third examples respectively show that when the
Principal implements a non-monetary incentives scheme, she must know the value
system of the Agent and this system must produce a public signal regarding the
Agent.

Example 3. Q = {w;, wy} where w;= non reimbursable gift of 1000 USD in the
shop of an expensive brand, wes= non reimbursable gift of 1000 USD in the shop of
a cheap brand. We then have:

vf(wy) = 1000 USD
vf(we) = 1000 USD

However, it seems reasonable to have : wy > ws where > is the Agent’s strict
preference relation. Therefore :

h(wl) =S > h(a)g) = S9

and :
g(h(w1)) > u(1000) > g(h(w2))

Example 4. Let assume that the Agent may choose among the two following sym-
bols :

wy = lowest honor medal in the home country, for instance France
wo = highest honor medal in a very far away and small Island, for instance New Guinea
If the Agent is French, it is very likely that we will then have :
h(w1) > h(ws)
Whereas if the Agent’s citizenship is from New Guinea we will have:
h(wr) < h(ws)

In other word, the value that the Agent attributes to a symbol depends on the way
this Agent internalizes and interprets this symbol, that is on her value system (a
notion that could be linked to social or personal norms).

6but this is not necessary for the proofs of our results.
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Example 5. Let assume now that the Agent has the choice between the following
two symbols :

w1 = Nobel Prize in Economics but nobody knows it except the Nobel Committee
and the Agent (in particular there is no public ceremony)

we = Social Choice and Welfare Prize (with public ceremony)
It will probably be the case that :
h(qu) < h<w2>

In other words, for a symbol to have a meaning and to influence the Agent’s behav-
ior, it must send a public signal over the Agent’s “quality”.

2.3. A simplified version of the model.

To simplify our model, let assume that:

e The Agent has the choice between two effort levels: e € {eL et }7 with
L H
e” <e
e The result x is a random variable over the support:

X = {z1,..,xn}
rp < T2<r3<...<Ty

° pf{:Pr(z:x”e:eH)>0,piL:Pr(x:xi|e:eL)>Oandpf{>piL.

In the traditional Principal-Agent analysis with monetary incentives, the prob-
lem solved by the Principal is the following :

Max Z;-l:lpiH (i —w (x;))

{ue )},
(PMON) ) st
Yoy piu(w(a;)) —v(ef) > U
Sy (o = pf) w(w(z)) > v(e™) —v(e")

where the first constraint is the participation constraint, the second one is the
incentive compatibility constraint, and U is the Agent’s reservation utility.

If now we consider a non-monetary incentives scheme, then the Principal solves
the following program :

wMaz, L pf i —w — e (s(@:)
(PNMO) s.t.
ZZ pff [U(w)+g(( ))]—v(eH) u
izt (pi" = pf) [u(w) (2:))] = v(e™) = v(e")
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3. MAIN RESULTS
Our model lead to the following results.

Proposition 1. The optimal mechanism which solves program (PNMO) is given
by

where :

where Aa, o, the Lagrange multipliers of the problem (PNMO) are strictly positive.

Let IT},, v the Principal’s optimal profit in the program (PMON) and I /0 n
the Principal’s optimal profit in the program (PNMO). The main issue raised in
this paper is to determine the conditions under which II3},,y < Iy 0n -

Theorem 1 (Main Result). If there exists an optimal monetary scheme {w* (z;)}!_,
which solves the program (PMON) then there exists an optimal non-monetary scheme
{w?, s* (acz)}?zl which solves the program (PNMO) which guarantees to the Prin-

cipal an expected profit strictly higher, that is such that:

Iyyon > Hyon
and which guarantees the same expected utility to the Agent, that is such that :

u(w®) + ) pifg(s™ (@) —v(e™) =) pifu(w” (x:) —v(e)
i=1 i=1

This result is a kind of revelation principle. It indicates that all what a monetary
scheme can provide, a non-monetary scheme can do it as well. But it goes further
since it shows that a non-monetary incentives scheme Pareto-dominates a monetary
incentives scheme.

Remark 3. The Principal can implement negative non-monetary incentives s (sanc-
tions), that is such that g(s) < 0. For instance if x = x1 then the Principal can
sanction the Agent by suppressing all the apparent signs of her authority (transfer
into a smaller office, exclusion from meetings, etc.). But

w’ =u"t o(e") + U= pFg(s(a:))
i=1

Hence, implementing negative non-monetary incentives requires that the Princi-
pal raises wP, the fized part of the Agent’s monetary wage within the non-monetary
scheme {wo,s (1’1)}?:1 for the participation and the incentives compatibility con-
straints to be satisfied.
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Remark 4. In the proof of theorem 1, we have not used the assumption:
uw(w) = g(h(w)) = w > h(w)

However, such an assumption has an obvious consequence on the attractiveness of
non-monetary incentives schemes: it reinforces them.

Corollary 1. If there exists an optimal monetary scheme {w* (x;)};—, which solves
the program (PMON) then there exists a (non optimal) non-monetary scheme
{w, s (z;)}_, which solves the program (PNMO) and which provides an expected
profit to the Principal lnpon  at least equal to the same amount, that is such
that:

* *
Myyon > Uvmon 2 yon

and which guarantees to the Agent a higher expected utility, that is such that:

u(w) + Yt g(s(@i) = o(e) > 3 ptulw (@) — v(e”)

This Corollary states that if the Principal is ready to acccept a profit Iy on
strictly lower than II;,,on , then there exists a non-monetary incentives scheme
which Pareto-dominates strictly the solution given by a monetary incentives scheme.

This article shows that a non-monetary incentives scheme may be more efficient
(Pareto-dominating) than a standard monetary scheme. It is obvious that taking
into account the tax policy’, a non-monetary incentives scheme is more interesting
both for the Principal and for the Agent under a progressive tax system for the lower
part of any income subset subject to a traditional threshold level. Indeed, for such
categories of workers, a monetary bonus may sometimes be completely suboptimal
if it implies that the Agent switches up to the higher income category, making her
pay taxes and losing social transfers. For the Principal as well, if labor taxes are
progressive, a non-monetary incentives scheme represents a non-neglictible fiscal
advantage.

Another important element in recent developments in the Principal-Agent theory
lies in the differentiation between extrinsic and intrisic motivation. We analyze in
the following section the contribution of our paper to the debate regarding such
issues.

A formal analysis of the incidence of non-monetary incentives within a macroeconomic frame-
work with a third party - the government - and a specific tax policy is outside the scope of this
paper. Hence, we leave it for further research.
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4. NON-MONETARY INCENTIVES AND INTRINSIC MOTIVATION

Frey and Oberholzer-Gee (1997) define intrinsic motivation as “activities one
simply undertakes because one likes to do them or because the individual derives
some satisfaction from doing his or her duty”. Our analysis of non-monetary in-
centives schemes contributes to this debate on extrinsic (activated from the outside)
versus intrinsic motivation by showing that all what a monetary scheme can do, a
non-monetary incentives scheme can do it as well.

There is a relative consensus in the literature nowadays regarding the fact that
if a non-monetary incentives scheme proves to increase extrinsic motivation, it may
also have a negative impact on intrinsic motivation, thereby inducing hidden costs
for the Principal. These costs have been labelled by social psychologists as “hidden
costs of rewards” (Lepper and Green, 1978), and they have been analyzed formally
later on by economists within agency contexts (see Lane, 1991, Benabou and Tirole,
2003).

What we show in this section is that non-monetary incentives increase intrinsic
motivation within agency contexts, thereby counterbalancing the negative impact
of price incentives. Before going deeper into the analysis of the impact of non-
monetary incentives on intrinsic motivation, let recall the factors that contribute
to increase intrinsic motivation (see Deci, 1975, Benabou and Tirole, 2003, Akerlof
and Kranton, 2003).

(1) If the incentives scheme is not perceived by the Agent as designed to monitor
her behavior, then there is no negative incidence on her intrinsic motivation.

(2) If the incentives scheme is perceived by the Agent as being discretionnary
(that is as designed to reward ex post her effort level), then the Agent will
interpret such an incentives system as a positive message from the Principal
and will increase her intrinsic motivation.

(3) If the incentives scheme sends a positive signal to the Agent regarding her
“self-determination”, then her intrisinc motivation will be raised up.

A non-monetary incentives scheme {wo, s (xi)}?:l will not be perceived by the

Agent as designed to monitor her behavior because the monetary component w°
is the same whatever the result ;. The non-monetary symbol associated w (x;)
varies with the results but it is not a monetary wage. The Agent will perceive
it as an ex-post reward for the effort provided. If for instance X = {x1, 22} with
w (z1) = “scooter” | w (x2) = “car” , w® = 3000USD /month and if x = x5 occurs;
the Agent will consider the car given by the Principal as a discretionnary reward
aimed at rewarding her effort. It is both a prize (since it rewards an effort) and a
gift from the Principal (since it shows that her work is publicly recognized). And
this is the case all the more as, according to corollary 1, the Principal can build
the monetary system in such a way that the Agent obtains an expected utility
strictly higher than under a monetary incentive scheme. Besides, since a symbol
is perceived by the Agent as a discretionnary reward, then the Agent will behave
more in favor of the organization. Indeed, according to Fehr and Géchter (1998),
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and Akerlof and Kranton (2003), a gift (from the Principal) induces reciprocity
(from the Agent), and hence increases the Agent’s intrinsic motivation.

Finally, regarding the third case, let remind that the Agent’s utility is given by :

U(w7 S, 6) = ’LL(U)) + g(S) - v(e)

where s = h(w) is the non-monetary wage obtained by the Agent from symbol w.
But s is also an index of “ego” or self-satisfaction. Besides, example 5 shows that if
a symbol w is used by the Principal (and accepted by the Agent) as a non-monetary
incentive, then it necessarily sends back a signal over the quality of the Agent. In
other words, a non-monetary incentives scheme sends a positive signal over the
Agent’s competence and “self-determination”.

Regarding the debate on crowding effects, non-monetary incentives reveal to be
compensating for crowding-out effects by increasing intrinsic motivation. IN other
words, they reveal to be a compensation for the fact that higher rewards, rather
than being encouraging can reduce the motivation to provide effort.

A strong assumption, and thus a weakness of our model lies in the fact that the
Principal must know function h. Such an assumption amounts to assuming that
the Principal knows the Agent’s intrinsic value system (see example 4). If such an
assumption is not satisfied, then it becomes difficult for the Principal to implement
a non-monetary incentives scheme.

5. CONCLUSION

This paper has shown that, within a Principal-Agent model with monetary and
non-monetary incentives, the latter Pareto-dominate the former. Non-monetary
incentives can then compensate for such crowding-out effects by increasing intrinsic
motivation. Hence, we not only show that all what monetary incentives can do,
non-monetary incentives can do it as well, we go further and show the possibility for
non-monetary incentives to increase intrinsic motivation, thereby compensating the
fact that higher rewards, rather than being encouraging can reduce the motivation
to provide effort. However, from a practical point of view, implementing such a
scheme requires that the Principal knows the intrinsic value system of the Agent
which is a strong assumption. Relaxing such an assumption constitutes a fruitful
area for further research on the role of monetary versus non-monetary incentives.



12 PATRICIA CRIFO AND MARC-ARTHUR DIAYE

APPENDIX: PROOFS

Lemma 1. Let L (w,s(x1),...,8(xy), A2, p2) the Lagrangean of program (PNMO)
with Ao, o > 0. We have
A2 >0 et pug > 0.

Proof of Lemma 1. Indeed, Kuhn and Tucker’s conditions are given as follows:

(a) —14 X/ (w) =0

(5.1) (b)  —pi'c (s(zi)) + Aapf' g’ (s(2:)) + pz (pf" = pF) g'(s(2:)) = 0
' (c) Ao [0 o g(s(2) + u(w) —v(e™) U] =0
(d) p2 [3502 (o = pf) 9(s(@)) —v(e™) +ov(eh)] =0
1+ X/ (w) =0= Ay = u,(lw). Which implies Ay > 0 because u/(w) > 0. Besides,
equation (b) also writes :
(5.2) Aop! + pa (p = pF) = pl. S

g'(s(z:))

Let assume that po = 0, then :

(s(z:))

g'(s(a:))

Let ;}i%ﬁ,)g be denoted by 1(s(x;)) then the previous equation becomes :
A2 = t(s(;))

Ay =

That is :
s(xi) =7 ()
In other words, the Agent receives the same symbol whatever the result. In this

case, the Agent will choose the lowest effort level e”. Therefore, such a mechanism
is not optimal. O

Proof of proposition 1. Ay and us > 0 are given by lemma 1. w® and s*(z;) di-
rectly stem from subconditions (¢) and (b) of Kuhn and Tucker’s conditions (5.1).
It is a global maximum since Y pH [z; —w — c(s(x;))] , Yoy PP u(w(z;)) and
Sy (pH — pE) u(w(x;)) are concave functions. O
Lemma 2. Let denote by q : the following random variable

g =w"(z) - c(s*(2)) — w’

q denotes the difference between the optimal wage of the non-monetary incentives
scheme w* (x) and the overall cost of the non-monetary incentives scheme. The
following two conditions are equivalent.

(1) Oypon = yon
(2) Efg) >0

Proof of lemma 2.

Mon = > pff (@ —w" (2:))
i=1

NMON = ZPzH [xi —a(s™(;)).8"(2s) — wo]
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Thus :

Mymon = Whon & D pi' [w” (2:) — als™(2:)-5"(2:) - w’] 2 0
i=1

That is :
Elgl >0
O

Proof of theorem 1. The proof consists in showing that F [g] > 0. Using lemma 2,
this amounts to show that :

Oy mon > Myon-
Let :

C:{ (w, {s(zi) }i_) : ( )+ 3Pl ((z))fv(eH):Q }
Cde—( —pz)g( (z:)) = v(ef) —v(e)

Clearly, the optimal solution of program (PNMO) is such that {w s* (mz)} €

C'. The set C also writes : =
- prg(é’(xi))} }

C= {(w, {si)}i) rw=u"" |U+v(e"
Now let take {w*(z;)}}_, the optimal solution of program (PMON). Let determine
{s(z4)}?_, such that :

(5.3) w* (z;) =u~!

(5.3) is a system of n non linear equations with n unknowns which admits an infinite
number of solutions. By posing :

we have: {w,5 (2;)}_; € C and :
(5.4) w* (z;)) =w+38(x;) ,i=1l.n

But, by assumption :
Hence :

Which implies :

We finally get :

Yopl @i w (@) < Yo pl e —w - o5(x))]
i=1 =1

M on IInmon
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n

Let recall that the optimal solution of program (PNMO), {w’,s* (a:i)}i:l e C.

But by definition we have : II3,ox = Hnamon. Hence :

Uynon > Myon-
It remains to show that :

u(w®) + Y pfg(s* (@) — v(e™) =Y pflu(w*(x;)) — v(e")
i=1 =1
This comes directly from the fact that the agent has the same reservation utility
under (PMON) and (PNMO). O
Proof of Corollary 1. Trivial. Indeed, we know that

Iypon > Myon-
If we take for example 0 < ¢ < IIy,0nv — Hiyon > and if we build another
non-monetary incentive scheme with :

w = w'+4e
s(z;)) = s"(x;), Vi=1l.n

then we get our result. O
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