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It is well known that individuals often fail to exert proper self-control. In organizational settings, this can lead to
reduced productivity and profits. We use the literature on present-biased preferences to model employees’ self-

control problems and examine how firms can design compensation plans to reduce the negative consequences
of their employees’ self-control problems. Our results suggest that firms can mitigate self-control problems by
delaying payment to the employees. This can be achieved by using multiperiod quotas (such as annual quotas)
to compensate employees for their cumulative performance. Although such plans are prevalent in the market,
there is little theoretical research that shows when multiperiod quota plans can be optimal. The paper provides
one potential explanation for the widespread use of such quota plans. Interestingly, we find that such plans
may be optimal despite the fact that they encourage more procrastination. We also find that such plans lead
to higher effort by the employees and can sometimes improve the welfare of not only the firm but also the
employees.
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One of the greatest labor-saving inventions of today is
tomorrow. —Vincent T. Foss

1. Introduction
Self-control problems are widespread among indi-
viduals. Failure to exert proper self-control can
lead to various undesirable outcomes such as poor
health, insufficient savings, addiction, poor produc-
tivity, and lost profits (e.g., Gruber and Köszegi 2001,
O’Donoghue and Rabin 2000, Laibson 1997, Renn
et al. 2011). There is now a substantial literature that
has examined such self-control problems by appeal-
ing to the notion that consumers have present-biased
preferences; i.e., their discount factor decreases over
time (for empirical evidence of this phenomenon,
see, for example, Thaler 1981, Chapman 1996, Kirby
1997, Benzion et al. 1989).1 In an organization set-
ting, such present-biased preferences can significantly
impact performance. For example, consider a sales-
person who has to decide whether to exert effort to
close a sale or shirk. Although the salesperson knows
that it is more beneficial for him to undertake the
more effortful activity, when the time to exert the
effort comes, he chooses to shirk or exert a subopti-
mal level of effort. This is because the discount fac-
tor for effort, which needs to be exerted immediately,

1 There are alternative approaches for modeling self-control prob-
lems. See, for example, Thaler and Shefrin (1981), Gul and
Pesendorfer (2001), and Fudenberg and Levine (2006).

is much higher than the discount factor for the dis-
tant reward. This leads to lower sales for the firm
and possibly lower compensation for the salesperson.
Furthermore, because the salesperson makes effort
decisions over multiple periods, the overall negative
impact of self-control problems on firm’s profits can
be significant.

Some organizational behavior researchers have sug-
gested that organizations and employees can benefit
if the employees undergo self-management training
(Frayne and Geringer 2000). Such training could po-
tentially improve employees’ performance and the
firm’s profits. However, the efficacy of these pro-
grams may be limited because the firm and the em-
ployees do not necessarily have the same goals. An
alternative to this approach is to design incentive-
compatible compensation plans that take into account
the employees’ self-control problems. Ideally, because
the firm and the employees interact over multiple
time periods, the firm would like to design compen-
sation plans that are based on the employees’ per-
formance over multiple periods. Such an approach
could improve firm’s profits. Furthermore, because
improved performance could lead to higher compen-
sation, this approach could also benefit the employ-
ees. Despite the prevalence of self-control problems,
there is almost no research that has examined how
firms should design compensation plans in a mul-
tiperiod setting when employees have self-control
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problems.2 The purpose of this paper is to develop
an analytical model to address this issue. For illustra-
tive purposes, we use the example of a salesperson
and a firm, although the analysis is more generally
applicable.

We follow the prior literature and model a salesper-
son’s self-control problem by incorporating a quasi-
hyperbolic discount parameter in the salesperson’s
utility function (see O’Donoghue and Rabin 1999a, b).
We develop a four-period model. In period 0, the
firm offers the salesperson a contract that he can
accept or reject. Conditional on accepting the offer, the
salesperson needs to decide on the amount of effort
that he will exert in periods 1 and 2. The effort that the
salesperson exerts results in sales. The salesperson can
be paid only with a one-period delay after he exerts
effort. This reflects the fact that effort does not lead
to immediate sales, and sales are recorded with some
delay. The problem for the firm is to design a compen-
sation plan that considers the salesperson’s present-
biased preferences. The compensation plan needs to
be accepted by the salesperson in period 0 and should
provide sufficient incentives for him to implement the
plan in periods 1 and 2.

We find several interesting results. We show that
when salespersons have self-control problems, the
firm needs to pay them more to induce them to
exert more effort. Consequently, the salesperson is
not necessarily hurt by an increase in self-control
problems. Thus, the incentives for the salesperson to
exert self-control may not be as strong as they are
for the firm. Our results suggest that firms can mit-
igate the problem of shirking by delaying payments,
such as by using a two-period quota. The use of
such quotas is quite common in practice. For exam-
ple, in their empirical study of salesforce compensa-
tion plans, Joseph and Kalwani (1998) find that 31%
of firms in their sample use annual quotas, whereas
another 23% use quarterly quotas. There is also some
empirical research that suggests that the use of annual
quotas (rather than only monthly quotas) can improve
firms’ profits (Chung et al. 2008). There is little (if any)
theoretical research, however, that explains why firms
use multiperiod bonuses and not pay bonuses more
frequently. Thus, our results provide one potential
explanation for the prevalence of multiperiod quotas.

We find that multiperiod quotas often lead to sales-
persons exerting more effort in both periods. The use
of such quotas can, however, lead to effort distor-
tion and to procrastination by the salesperson in the
first period. Also, two-period quotas can sometimes
lead to the salesperson decreasing effort in the sec-
ond period, if he believes that he cannot make the

2 In this paper, because we use present-biased preferences to model
self-control problems, we will use these terms interchangeably.

quota. Despite these negative consequences of quotas,
we find that, in many cases, the use of such quota
plans can significantly increase firm’s profits. We also
show that if the salesperson’s self-control problem is
not severe, then multiperiod quota plans decrease his
long-run surplus. However, when the salesperson has
a more severe self-control problem, then multiperiod
quota plans can be a win–win for all parties: the sales-
person, the firm, and the society is better off with such
plans.

The remainder of this paper is organized as fol-
lows. In §2, we review the relevant literature. In §3,
we present the base model analysis and extend the
model in §4. In §5, we conclude our paper with man-
agerial implications and directions for future research.

2. Related Literature
Our work is related to the growing literature that has
used present-biased preferences to model self-control
problems (e.g., Laibson 1997, Gruber and Köszegi
2001, Machado and Sinha 2007, Jain 2012). Present-
biased preferences lead an individual to place greater
weight on the present because his discount factor is
decreasing over time. Such preferences are also time
inconsistent. To see this, consider the case of an indi-
vidual who is asked whether he would be willing
to work for one hour on Monday or two hours on
Wednesday for the same pay. If the question is asked
a month before the work needs to be done, it is likely
that the individual would prefer to work one hour on
Monday. However, when it is Monday and the work
needs to be performed immediately, the same indi-
vidual may find it more attractive to enjoy the present
and defer the work to Wednesday. Thus, present-
biased preferences are time inconsistent and can lead
to procrastination or shirking.

O’Donoghue and Rabin (1999b) examine how prin-
cipals can design incentive plans for time-inconsistent
agents when agents make a binary decision in each
period whether to complete a task or defer comple-
tion. They consider incentive schemes to encourage
the agents to complete tasks at the more efficient
time. They find that deadline schemes with increasing
penalties for noncompletion are optimal in such cases.
Wu et al. (2009) study the design of compensation
plans with present-biased agents in a team setting. In
their framework, the firm has a task that needs to be
completed in a specified amount of time, but the qual-
ity of the project is lower if agents procrastinate and
defer the task to later periods. They consider a com-
mission plan in which the firm pays the agent each
period, depending on the amount of work completed.
They show that if the impact of asymmetric efforts on
quality is high, then the firm pays higher wages in
the earlier periods. In contrast to this research, which
is focused on the completion of one task, we examine
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the situation in which the agent decides how much
effort to input in each period. Thus, in our framework,
the agent decides on the amount of effort to exert,
which, in turn, determines the amount of output.

Gilpatric (2008) studies design of contracts when
agents have present-biased preferences. Similar to our
paper, he examines the case where the agent decides
on the quantity of effort that he will exert. Gilpatric
considers the case when there is a mix of time-
consistent and present-biased agents. His focus and
results are substantially different from ours. In par-
ticular, he looks at the case when the agent exerts
effort only once and the contract is therefore based
on the results of a single period. His results suggest
that if the firm has limited ability to punish agents
and the agents have rational expectations, then the
firm will offer a contract that will screen out present-
biased agents. In contrast, if the agents are naïve and
do not foresee their self-control problems, then the
optimal contract accommodates shirking. In contrast
to Gilpatric’s (2008) approach, we look at multiperiod
contracts. We find that when we consider the possibil-
ity that the agent exerts effort multiple times, offering
multiperiod contracts can reduce the level of shirk-
ing. Furthermore, we also establish conditions under
which the optimal compensation plan can increase
not only firms’ profits but also the agent’s long-run
surplus.3

Our work is also related to the vast literature on
salesforce compensation design using the principal-
agent framework (e.g., Basu et al. 1985, Rao 1990, Lal
and Srinivasan 1993). In particular, our work is
related to the literature that has studied the use
of quota-bonus plans. Raju and Srinivasan (1996)
show that, though not theoretically optimal, a sim-
ple compensation structure of salary plus linear com-
missions for all sales over quota may provide a
reasonable approximation for the optimal plan. Oyer
(2000) shows that bonus plans can be optimal when
agents have limited liability and the participation
constraint does not bind. Dai and Jerath (2011) find
that quota plans can be optimal when we consider
inventory constraints. This research has, however, not
considered present-biased agents. Furthermore, there

3 Another stream of research that is tangentially related to ours
is one that focuses on the design of contracts for present-biased
consumers. For example, DellaVigna and Malmendier (2004) study
contract design in consumer markets and show that the use of two-
part tariffs can be optimal. They show that when consumers are
aware of their self-control problems, can then the firm benefit by
offering a two-part tariff with high fixed cost and a per-unit price
that is below marginal cost. Another related paper is Jain (2009),
which studies how consumers can set goals to mitigate their self-
control problems and maximize their own welfare. In contrast, this
paper examines a principal–agent problem in which the objective is
to maximize the principal’s profits, even when it sometimes leads
to lower surplus for the agent.

is almost no theoretical research that considers the
case of multiperiod quota plans and the reason for
their prevalence. Our paper adds to this literature
and shows that such plans can be optimal when
salespersons are present biased.

This paper is more broadly related to the grow-
ing literature in marketing that tries to enrich stan-
dard economic models by incorporating psychologi-
cal and sociological realism in these models (see, for
example, Carpenter and Nakamoto 1990, Wernerfelt
1995, Amaldoss and Jain 2005, Syam et al. 2008, Villas-
Boas 2009).

3. Model
We will consider the case of a salesperson and a
firm. The firm wants the salesperson to exert effort
in order to achieve sales. Exerting effort is costly
for the salesperson, and the firm must compensate
the salesperson for the effort. First, consider the one-
period case, in which the salesperson exerts effort e
at a cost h4e5, h405 = 0, h′4e5 > 0, and h′′4e5 > 0.4 In
other words, costs are increasing and convex in effort.
These assumptions are standard. If the salesperson
exerts effort e, then this leads to a sale of e units
and total profits of m · e, where m is the margin
from the sale of each unit. The assumption that effort
and sales are linearly related is without much loss
in generality. We could assume that sales are a con-
cave function of effort. This would then allow for the
possibility that the salesperson is more likely to get
higher sales if he smooths out effort over two peri-
ods, rather than concentrate his effort in one period.5

To ensure that the firm would want the salesper-
son to exert effort, we assume that lime↓0 h

′4e5 < m.6

Note that we are assuming that effort is determin-
istically related to sales. This may be appropriate in
many contexts, where firms may be able to closely

4 Our framework can also be modified to allow for the possibility
that there is a discontinuity at e = 0 and the initial effort requires a
fixed setup cost f ; i.e.,

lim
e↓0

h4e5= f > 00

For small values of f , when the effort in each period is positive,
this alternate formulation would not affect the main results. If f
is large, then the salesperson might find it optimal to exert effort
in only one period and therefore incur f only once. This would
turn our two-period problem into a single-period one in which the
salesperson exerts effort only in the last period. Even in this case,
our proposed multiperiod contract would be more profitable than
the single-period contract.
5 To see this, assume that effort e leads to a sales �4e5, where �4 · 5 is
a concave function. Then the problem can be equivalently stated by
defining ẽ =�4e5, and the related cost function becomes h4�−14ẽ55,
where �−14 · 5 is convex. Since h4 · 5 is nondecreasing and convex,
it follows that the redefined cost function h �� still is convex in ẽ.
6 Note that if h4 · 5 is of the form h4e5 = �e�, then this condition is
always satisfied for any m> 0.
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monitor effort. In §§4.2 and 4.3, we consider situations
in which the firm cannot infer effort from sales. This
sequential analysis helps us better delineate the role
of self-control problems and uncertainty on compen-
sation plans.

Consider the case when the firm pays the sales-
person an amount R4e5 based on sales e. We assume
that the firm cannot pay the salesperson immediately
but must wait some time before making the payment.
More precisely, we assume that if the salesperson
makes effort at time t, then sales materialize at time
t + 1, which is the earliest time that the firm can pay
the salesperson (see O’Donoghue and Rabin 1999a,
and Gilpatric 2008 for a similar assumption). This
assumption reflects the fact that effort rarely leads to
immediate sales, and furthermore, typically, there is
also delay in recording sales. We assume that the per-
period (exponential) discount factor is 1. This is rea-
sonable in most contexts. For example, consider the
case of a salesperson who is paid at the end of the
month. In this case, using the commonly used annual
discount rate of 5%, the monthly discount factor is
00996, which is close to 1. However, in §4.4, we also
consider the case when the exponential discount fac-
tor is strictly less than 1.

3.1. Benchmark Case: No Self-Control Problems
First, consider the case when salespersons do not have
self-control problems and have time-consistent prefer-
ences. The optimal plan is a nonlinear plan. Consider
the case when the firm offers a payment R4e5 for out-
put e.7 We will restrict our analysis to the case where
R4e5 ≥ 0. In other words, we rule out the possibility
that the firm can impose penalties if the salesperson
does not produce sufficient output. The worst that the
firm can do is to not pay the salesperson. This is rea-
sonable in most real-world contexts. Note that if we
allow the firm to specify large penalties if the con-
tracted sales are not achieved, then it is always pos-
sible to achieve first best outcomes.8 Given a reward
schedule R4e5, the salesperson will choose the effort,
which maximizes R4e5−h4e5 subject to the constraint
that R4e5 ≥ h4e5. Suppose, given an R4e5, the sales-
person exerts an effort e4R4e55. The firm’s problem is
then to choose the optimal schedule R4e5 subject to
the constraint that at the desired optimal effort e∗

n,
R4e∗

n5− h4e4R4e∗
n555≥ 0. The firm will want to pay the

minimum amount h4e∗
n5 in order for the salesperson

7 In the deterministic case, effort e and output are directly related,
which may not be the case when output is stochastically related to
effort. We will discuss this case in §4.3.
8 In our context, however, in the base model, there is no uncer-
tainty, and if salespersons do not have self-control problems, then
the first-best outcome can be achieved in any case. However, if the
salespersons do have self-control problems, then the first-best out-
come cannot be achieved when we assume limited liability.

to exert this effort. It remains to find the optimal e∗
n,

which is given by

e∗

n = arg max
e

6m · e−h4e570 (1)

Since lime↓0 h
′4e5 < m, an optimal e∗

n exists and is
unique because of the convexity of h4 · 5. It is given by

e∗

n = h′−14m5≡ �4m50 (2)

The nonlinear plan, in this case, can be imple-
mented using a quota plan with a quota of �4m5 and
a bonus of h4�4m55, which is given only if the quota
is met. Now, consider the case when the salesperson
needs to exert effort in two periods and is paid at the
end of every period. In this case, the nonlinear plan
that we just described continues to be optimal. In par-
ticular, the firm still continues to offer the quota plan
that we derived and to offer bonuses each period.

3.2. Salespersons Have Self-Control Problems
Now consider the case when salespersons have self-
control problems. We follow previous research, which
has modeled self-control problems using the quasi-
hyperbolic discount parameter (see, for example,
O’Donoghue and Rabin 1999a, b). In particular, the
discount function at time � is given by

D4�5=

{

1 if � = 01
� otherwise,

(3)

where � is the quasi-hyperbolic discounting param-
eter where 0 < � < 1.9 Note that in this formulation,
the salesperson’s discounting depends on the time
at which he makes the decision. As a consequence
of this, the parameter � creates a time-inconsistency
problem in that the salesperson’s preferences change
over time. To see this, consider the case when the
salesperson has to make a decision whether to accept
a contract in which he would be required to exert
effort e in time period t, and the associated reward
is R, which is given in time period t + 1. At time
period 0, he will be willing to accept the contract as
long as R> h4e5. However, at time period t when he
has to immediately exert effort e, he would do so only
if �R> h4e5. Thus, for R ∈ 4h4e51h4e5/�5, the salesper-
son will shirk at time t, even though from his per-
spective at time 0, he should exert effort e at time
period t. Thus, there is a discrepancy between the
preferences of the salesperson in time period 0 and
time period t.10

9 For empirical support for the existence of hyperbolic discounting
in the salesforce context, see Chung et al. (2008).
10 If the salesperson could be paid at the same time that he exerts
effort, then the firm can induce higher levels of efforts with lower
pay, and self-control issues become irrelevant. However, as we dis-
cussed before, such a concurrent payment is not a feasible option
in many cases.
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Note that the rational salesperson foresees that
he is likely to have self-control problems at time t.
We make the usual assumption that the salesperson
has rational expectations. In §4.1, we will relax this
assumption and study its consequences. With the
assumption of rational expectations and quasi-
hyperbolic discounting, the salesperson’s decision is
more appropriately modeled as a multiperson game
in which the salesperson in each period acts as
a Stackelberg leader, who fully takes into account
the actions of the followers, i.e., his own actions in
subsequent periods.

First, consider the case of nonlinear contracts where
the salesperson is paid at the end of each period on
the basis of his performance in that period. As before,
in this case, the salesperson will accept an offer to
exert effort e only if the reward R ≥ h4e5/�. For it
to be profitable for the firm to induce the salesper-
son to exert effort, we need a stronger condition than
before; i.e., lime↓0 h

′4e5 <m�. The firm’s problem is to
choose the optimal effort e∗

s for this single-period plan
while still satisfying the participation constraint that
R4e∗

s 5≥ h4e∗
s 5/�. Because the firm would like to ensure

that the participation constraint is just satisfied, the
firm’s problem is to choose

e∗

s = arg max
e

[

me−
h4e5

�

]

0 (4)

The optimal effort that the firm would like to
induce each period with such a plan is e∗

s =

h′−14m�5 = �4m�5. Since h4 · 5 is increasing and con-
vex, �4 · 5 is clearly increasing. Thus, as expected, the
salesperson’s effort decreases as the self-control prob-
lem increases, i.e., � decreases.

Now let us consider the salesperson’s surplus.
In models with time-inconsistent preferences, anal-
ysis of surplus and social welfare can be prob-
lematic, because the preferences of the participants
change over time (see Bernheim and Rangel 2005
for a discussion). Most papers in the literature have
used the agent’s long-run preferences as the appro-
priate measure of welfare (see, for example, Gruber
and Köszegi 2001, O’Donoghue and Rabin 2003,
DellaVigna and Malmendier 2004, Gilpatric 2008, Jain
2012). One way this can be justified is by asking
the discount factor one would use to advice con-
sumers (Harris and Laibson 2002). This approach also
reflects the view that the hyperbolic discounting rep-
resents the consumer’s self-control problem and not
his “true” preferences (Akerlof 1991). We will use this
approach to measure welfare.11 With this approach,

11 Some authors have, however, argued for a more literal interpre-
tation of the multiself model. Thus, we could assume that welfare
improves only when the agent is better off in each period (see, for

the salesperson’s long-run surplus in two periods,
using single-period quota plans, is given by

U0 = 2
[

h4�4�m55

�
−h4�4�m55

]

= 2
(

1 −�

�

)

h4�4�m55 > 00 (5)

Note that U0 > 0. This is in contrast to the case when
the salesperson did not suffer from self-control prob-
lems and � = 1. Thus, from a long-run perspective,
a salesperson’s self-control problems make him better
off. The result thus shows that self-help programs,
which try to motivate salespersons to exert more self-
control, may not always be very effective because the
firm’s and the salesperson’s incentives are not neces-
sarily aligned.

The firm’s profits in this case are

ç= 2
[

m�4�m5−
h4�4�m55

�

]

1 (6)

which are increasing in �. The total long-run wel-
fare is given by 2m�4�m5, which is also increasing
in �. Thus, present-biased preferences make the sales-
person better off, whereas the firm and society is
worse off. To understand the intuition, note that when
the salesperson has present-biased preferences, he can
credibly commit to not putting in the required effort
at times 1 and 2. The firm therefore must compen-
sate the salesperson to provide enough incentives at
times 1 and 2 to exert effort. This, however, makes the
salesperson at time 0s, who views effort and reward
equally, have strictly positive surplus.12 We are inter-
ested in seeing whether we could devise a quota plan
that would partly counteract the salesperson’s advan-
tage and increase the firm’s profits. Interestingly, we
find that delaying payment may be better than pay-
ing the salesperson at the end of each period, as the
following proposition shows.13

Proposition 1. There always exists a (multiperiod)
quota plan in which the firm pays R∗

m4e11 e25, depending
on the observed sales e1 and e2 in periods 1 and 2, such

example, Laibson 1997). This Pareto criterion, however, often leads
to an incomplete ranking of allocations. Alternatively, we could use
a weighted sum of the welfare of the agent in each period (see
Bernheim and Rangel 2005).
12 Because sales are deterministically related to effort, in this case,
one may wonder why the firm cannot fire the salespersons who
shirk. If, however, the pool of potential hires also have self-control
problems (which is likely given the prevalence of these problems),
such an approach does not help the firm much.
13 Proofs of all propositions are in the technical appendix
(http://mktsci.journal.informs.org/).
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that the profits with the plan R∗
m4e11 e25 are strictly higher

than any single-period contract, as long as �< 1, where

R∗

m4e11 e25=

{

B if e1 + e2 ≥ Q1

0 otherwise0
(7)

Figure 1 shows the optimal plan. The result there-
fore suggests that when the salesperson has self-
control problems, the optimal solution may be to
delay rewards by assigning him long-term goals. This
seems counterintuitive. After all, the source of the
salesperson’s self-control problem is that he weighs
the present much more than the future and is too
short-term focused. To understand this result, con-
sider the salesperson’s problem. First, note that given
our assumption of limited liability and hyperbolic dis-
counting, the period 0 participation constraint never
binds and the salesperson needs to make decisions in
only two periods, i.e., periods 1 and 2. In the subse-
quent analysis, we will therefore not discuss period 0
constraints. With this, the salesperson will accept a
contract 4Q1B5 if there exist effort levels 4e11 e25 in
periods 1 and 2 such that

Q≤ e1 + e21 (8)

�B≥ h4e15+�h4e251 (9)

�B≥ h4e251 (10)

where Equation (8) ensures that the quota is achieved
with the effort profile 4e11 e25, Equation (9) ensures
that the salesperson exerts effort e1 at time 1, and
Equation (10) ensures that the salesperson exerts e2 at
time 2.

Consider the case when the firm sets the quota
at 2�4�m5. Recall that this is the total amount of
effort that the firm will induce in two single-period
contracts. Also, assume that the firm offers B =

Figure 1 Optimal Compensation Plan When Salespersons Have
Present-Biased Preferences
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42h4�4�m555/� − �, where � > 0. In other words, the
firm offers a contract that pays the salesperson a lit-
tle less for the same amount of effort it can induce
using two single-period contracts. First, consider (10).
Because the bonus amount is cumulative, for a given
level of effort in two periods, the salesperson is more
motivated to exert effort e2 in period 2. Thus, accumu-
lation can enable us to reduce the total bonus slightly
and still satisfy (10). Now consider the salesperson at
time 1. From (9), we see that in period 1, this sales-
person still values immediate effort more than the
reward. However, he values both the effort and the
reward equally when the effort needs to be exerted in
period 2. This time inconsistency is what enables the
firm to achieve the same level of effort in two periods
by paying a cumulative amount, which is less than
what it would pay under any single-period contract.
It is also useful to note that absent time inconsistency,
i.e., when � = 1, the multiperiod contract does not
improve profits in our framework.

This result formalizes the general intuition that
multiperiod bonuses (such as yearly bonuses) can
increase motivation relative to other compensation
approaches. There is discussion in the literature about
the motivating role of bonuses, but it is not immedi-
ately clear why bonuses at the year’s end should be
any more motivational than bonuses each period.

Of course, the two-period bonus plan will not typ-
ically lead to the same efforts that would be exerted
under the one-period plan, and the firm could do bet-
ter by either inducing more effort or paying lower
compensation or both. To address this, we now solve
for the optimal plan. Given a quota plan, the sales-
person will try to choose 4e11 e25 to maximize

U1 = max
e1

{

�B− 6h4e15+�h4Q− e157
}

1 (11)

subject to the constraint (10). The following lemma
establishes the conditions under which (10) binds for
a particular functional form of h4 · 5.

Lemma 1. Suppose h4e5= �e�, where � and � are con-
stants with � > 0 and � > 1. Then there exists a �∗ such
that (10) binds if � < �∗ and does not bind otherwise,
where �∗ is implicitly defined by the equation

1 −�−��/4�−15
= 00 (12)

The optimal �∗ would depend on the steepness of
the effort function. Thus, if �= 2, i.e., the effort func-
tion is quadratic, �∗ = 00618, while it is 00569 if �= 3.
In other words, as � increases, the range for which
the constraint in (10) does not bind increases.

The firm will choose the optimal plan 4Q1B5 to
maximize its profits, which are given by m ·Q−B. We
have the following result.
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Proposition 2. If under the optimal plan (10) does not
bind, then

a. The optimal quota is Q = �4m5 + �4�m5, and B =

h4�4�m55/�+h4�4m55.
b. The salesperson exerts �4�m5 in period 1 and �4m5

in period 2. The overall effort that the salesperson exerts
is higher and his long-run surplus is lower under the
two-period quota plan than under the best single-period
contract.

Proposition 2 shows that when (10) does not bind,
the firm can implement a plan in which the salesper-
son exerts �4m5 in period 2. Note that �4m5 is the
optimal effort that the firm would like the salesperson
to exert, if the salesperson did not have a self-control
problem. Therefore, the result shows that the firm can
partly counteract the adverse effect of � by combining
and delaying rewards. Consistent with the empirical
findings of Steenburgh (2008) and Chung et al. (2008),
our results show that quota plans can lead to higher
total effort. Note that unlike the case of single-period
contracts, the salesperson does not exert the same
level of effort in both periods. In fact, in period 1, he
defers more work to be done in period 2. In other
words, quotas lead to distortion of efforts and encour-
age procrastination in the first period. This effect has
also been previously noted by Jain (2009) in the con-
text of consumer decision making.14 The result is also
consistent with the empirical observation that sales
tend to increase toward the end of the quota period
(see, for example, Oyer 1998, Misra and Nair 2011).
Intuition would suggest that these effort distortions
reduce profits. However, our results show that the
firm can benefit by offering such quota plans despite
these effort distortions.

The proposition also shows that although multi-
period quotas help the firm, the salesperson is worse
off under the multiperiod quota plan. To under-
stand this result, note that the multiperiod quota plan
affects the long-run surplus of the salesperson in two
ways. First, it leads to higher effort being exerted by
the salesperson. This aspect hurts the surplus that
the salesperson receives. Second, the additional effort
may also be accompanied by increased compensa-
tion. This aspect improves the salesperson’s long-run
surplus. Under the multiperiod quota plan, the firm
is able to exploit the salesperson’s time-inconsistent
preferences. When (10) does not bind, this enables
the firm to pay the salesperson less than the cor-
responding increase in his effort. Consequently, the

14 It is useful to note that this procrastination effect would also be
observed with multiperiod quota plans even when the salesperson
is an exponential discounter with �= 1. However, in this case, the
firm will never benefit by offering a multiperiod quota plan and
would offer single-period quotas. Thus, self-control issues are crit-
ical to the results in the paper. We discuss this in §4.4.

salesperson’s long-run surplus goes down in this case.
The following example illustrates the results from
Proposition 2.

Example. Consider the case when h4e5 = e2/2.
Recall that from Lemma 1, we know that in this case,
(10) does not bind as long as �> 00618. In this situa-
tion, under the single-period quota plan, the salesper-
son exerts m� in each period and gets paid 4m2�5/2.
The firm makes a total profit of m2� over two peri-
ods. In contrast, for the multiperiod quota case, the
firm sets a quota of m41 + �5 and offers a bonus
of 4m241 +�55/2. The salesperson exerts effort m� in
period 1 and m in period 2. The profits of the firm
in this case are 4m241 + �55/2. Thus, if � = 007, then
the total sales and firm’s profits improve by 21%
if the firm employs multiperiod quotas as opposed to
the case when it uses a single-period plan. Note that
the firm pays a higher total compensation in the mul-
tiperiod quota case than under the single-period plan.
Nevertheless, the salesperson is paid less correspond-
ing to the increased effort. The salesperson’s long-run
surplus under the multiperiod plan is 4m241 −�5�5/2,
which is half his long-run surplus of m241−�5� under
the single-period plan.

Now, consider the case when (10) binds. In this
case, we have the following result.

Proposition 3. Assume (10) binds. Then,
a. The optimal quota plan is such that the salesperson

exerts effort ec2 > ec1 >�4m�5.
b. If h4e5 = �e�, where � and � are constants with

�> 1, then there exists a �̂ < �∗ such that the salesperson
is better off with the optimal multiperiod quota plan than
the optimal single-period contract when �< �̂.

Proposition 3 shows that even when (10) binds,
under the optimal two-period plan, the salesperson
exerts more effort than the one-period plan. Further-
more, the salesperson exerts less effort in the first
period compared to the second period. Thus, the pro-
crastination effect still holds even when (10) binds.
Despite the procrastination effect, note that when (10)
binds, the salesperson exerts more effort in both peri-
ods than he would in a single-period plan. This is
unlike the case where (10) does not bind in which
case the multiperiod plan only affects the second-
period effort level. From Lemma 1, we know that for
h4e5 = �e�, (10) binds for small values of �. There-
fore, in this situation, it implies that when the sales-
person has a high level of self-control problems, the
multiperiod quota plan will push the salesperson to
exert more effort in both periods. The reason is that
in this case, the salesperson in period 1 cannot imple-
ment his optimal plan to minimize h4e15+�h4Q− e15,
given a compensation plan 4Q1B5. This is because
the self-control problem in period 2 is severe, and
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the salesperson in period 2 will not implement the
plan because the compensation in period 2 does not
motivate the salesperson to exert effort in the second
period. The salesperson in period 1 therefore exerts
more effort than �4�m5.

The second part of the proposition suggests that
when the salesperson has a severe self-control prob-
lem, then the multiperiod contract can make both the
firm and the salesperson better off. Intuition might
suggest that in such cases, the firm will be in an
even better position to exploit the salesperson’s self-
control problems. However, the results suggest that
the opposite is true. Also note that this result is in con-
trast to the case when (10) does not bind, where the
firm is able to exploit the salesperson’s time inconsis-
tency and reduces the salesperson’s long-run surplus.
This is because for low values of �, in a single-period
plan, the salesperson exerts little effort, and the firm
finds it too costly to induce effort. However, using a
multiperiod quota plan, the firm finds it profitable to
induce more effort, and the salesperson’s compensa-
tion improves. Thus, for low values of �, multiperiod
quotas can be a win–win for both the firm and the
salesperson.

Revisiting our example when h4e5 = e2/2, consider
the case when � = 005. In this situation, the salesper-
son exerts effort of 005m in each period with a single-
period plan. In contrast, under the multiperiod quota
plan, the salesperson exerts higher level of efforts:
00603m in period 1 and 00853m in period 2. Further-
more, if the firm uses a multiperiod quota plan, then
its sales and profits increase by more than 45%. Also,
the salesperson’s long-run surplus improves by more
than 45% under the multiperiod quota plan.

Propositions 2 and 3 show that the firm can bene-
fit by delaying payments and paying a single bonus
at the end. A natural question is whether the firm
could do even better by specifying more complicated
plans in which the firm could specify outputs for each
period. This is not the case. To see this, suppose that
the firm would like the salesperson to exert effort e∗

1
in period 1 and e∗

2 in period 2. The firm could specify
a contract in which it only pays a bonus if the sales-
person exerts e∗

1 in period 1 and e∗
2 in period 2. Let

e∗
1 + e∗

2 = Q̃ in this alternate plan, and let the bonus in
this case be denoted by B̃. Note that unlike the case so
far, B̃ need not only depend on the cumulative sales.
The firm’s profits in this case are mQ̃− B̃. However,
we still need to satisfy the participation constraints
for the salesperson ((9) and (10)). Suppose (10) binds
under this proposed plan; i.e., �B̃= h4e∗

25. In this case,
if the firm offers the same plan in which the pay-
ment is based on the cumulative sales and not on
e∗

1 and e∗
2 separately, then the salesperson either will

choose to implement 4e∗
11 e

∗
25 or will choose an alterna-

tive effort profile 4eu1 1 e
u
2 5, which minimizes the effort

from the perspective of the first-period salesperson,
and eu1 + eu2 = Q̃, while still ensuring that the salesper-
son in the second period will implement the plan.
In the first case, the profits under the simpler plan are
the same. In the second case, by the optimality of the
salesperson’s choice, it follows that

h4e∗

15+�h4e∗

25 > h4eu1 5+�h4eu2 51 (13)

but then the firm can improve profits over the 4Q̃1 B̃5
plan by slightly reducing the bonus payment, which
contradicts the purported optimality of 4Q̃1 B̃5. There-
fore, if (10) binds, then the simpler multiperiod plan
we have examined is still optimal. If (10) does not
bind, then similar logic shows that a plan, which only
looks at cumulative sales, is optimal.

One feature of our results is that the salesperson
is not paid each period. Can the firm get the same
results while still paying the salesperson for effort
in each period? In other words, how much of the
compensation needs to be back-loaded to still achieve
the same results? To address this, denote the pay-
ment that the salesperson receives for achieving a per-
period quota by S and the additional bonus received
for achieving a two-period quota by B. We now
examine what the minimum level of B that the firm
needs to set should be so as to achieve the same
results as in Propositions 2 and 3.

Proposition 4. If (10) does not bind, then the firm can
receive the same profits as in Proposition 2 by paying the
salespersons S every period if the salesperson achieves a
sales of �4�m5 and a bonus of B if the salesperson achieves
Q= �4m5+�4�m5 at the end of the two periods where

S=
h4�4�m55− 41 −�5h4�4m55

�
1 (14)

B=
42 −�5h4�4m55−h4�4�m55

�
3 (15)

B is decreasing in �. However, if (10) binds, then it is
optimal to pay the salesperson only in period 3.

This compensation plan is shown in Figure 2.
Intuitively, as � increases, the amount that the sales-
person is paid in each period increases, and less pay-
ment needs to be shifted toward the third period.
This is consistent with our results so far. Indeed,
without problems of self-control (i.e., when � = 1),
the firm does not benefit by delaying payments. Fig-
ure 3 shows that the proportion of bonus required
as a percentage of total compensation increases as �
decreases, for the specific case when h4e5 = e2/2. For
example, if �= 007, then the firm pays 68006% of total
compensation using a cumulative bonus. On the other
hand, if � = 009, then B need only be 16096% of the
total compensation.
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Figure 2 Alternate Compensation Plan When Equation (10) Does Not
Bind
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Figure 3 Proportion of Total Compensation That Is Based on a
Multiperiod Bonus
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Note. h4x5= x2/2.

4. Model Extensions
In this section, we will relax some of the assump-
tions in the base model. This will allow us to see
whether the results in the paper are robust to alternate
assumptions and also allow us to generate additional
insights. In §4.1, we relax the assumption that sales-
persons form rational expectations. This allows for
the possibility that salespersons are not fully aware of
their self-control problems. In §§4.2 and 4.3, we con-
sider the cases when the firm cannot infer effort using
the output. In §4.2, we analyze the case when sales-
persons are heterogeneous in their costs and the firm
does not observe these costs. Salespersons could have
different costs due to heterogeneity in their abilities.
Alternatively, a salesperson may face different costs

due to different market conditions. The salesperson
knows these costs but the firm only knows the dis-
tribution of these costs. Our analysis applies in either
case. In such situations, because the firm does not
observe the salesperson’s costs, it is not able to infer
the amount of effort exerted by examining the out-
put.15 In §4.3, we consider the case when output is
only stochastically related to effort. In other words,
the salesperson’s efforts sometimes lead to sales and
sometimes it does not, despite the salesperson exert-
ing effort. Again, in this case, the firm cannot infer
effort from the output. Finally, in §4.4, we consider
the case when the salesperson uses both hyperbolic
and exponential discounting.

4.1. Salespeople Do Not Form Rational
Expectations

In the base model, we assumed that salespersons fully
realize their self-control problems and can accurately
predict what they will do in subsequent periods.
Casual evidence, however, suggests that individu-
als are often overoptimistic. To model this, we can
assume that the salesperson at time 1 believes that
his future self in time period 2 will have a hyperbolic
discount parameter �̃ ≥ �. This approach of model-
ing incorrect expectations has been used by numer-
ous other authors (see, for example, O’Donoghue
and Rabin 2001, DellaVigna and Malmendier 2004).
If �̃= �, then the salesperson has rational expec-
tations. If �̃ = 1 > �, then the salesperson at time
period 1 incorrectly believes that he does not have
any self-control problem in period 2.

First, consider the case when (10) does not bind.
In this case, rational expectations play no role in the
analysis, and Proposition 2 continues to hold. If h4 · 5
is quadratic, then we know from Lemma 1 that the
results would hold as long as � > 00618. If (10) does
bind, then the analysis would change. In particular,
in such situations, the salesperson in period 1 thinks
that the maximum effort that the second-period sales-
person is willing to exert is given by

e2 = h−14�̃B5 > h−14�B50 (16)

In such a situation, the firm can exploit the sales-
person’s inability to rationally anticipate his action.
In particular, consider the case when the firm chooses

15 In such turbulent environments, multiperiod quota plans can
provide another benefit, which we do not consider in this paper.
If sales are stochastic, then the total sales over multiple time periods
could give a better estimate of the salesperson’s productivity and
effort. This can then be used to weed out ineffective salespersons.
Fernández-Gaucherand et al. (1995) develop a model in which the
firm uses sales quotas to determine a salesperson’s productivity.
However, in their model, quotas are only used for termination deci-
sions and are not related to compensation. Furthermore, in their
model, salespersons are not strategic.
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a pair 4Q1B5 such that there exist e14Q5 and e24Q5 such
that Q= e14Q5+ e24Q5 and

�B≥ h4e14Q55+�h4e24Q551 (17)

�̃B>h4e24Q55 > �B1 (18)

where

h′4e14Q55= �h′4Q− e14Q55= �h′4e24Q550 (19)

Equations (17) and (18) ensure that the salesperson
will be willing to exert the effort in period 1, believing
that in period 2, he will make the required effort to
make the quota. Given (18), the salesperson chooses
effort in the first period using (19). Note that the firm
can always choose a B such that the two inequali-
ties in (18) are satisfied. Also, it is easy to see that
given (18), the salesperson believes that 4e14Q51 e24Q55
is implementable, when, in fact, it is not. This implies
that the firm can make the salesperson exert effort
in period 1, without paying the bonus amount. Since
e14Q5 is strictly increasing in Q, it follows that the firm
can exploit naïve salespeople by making them exert
an arbitrary effort in the first period and no effort in
the second period. Note, however, that these exploita-
tive contracts are only feasible when the value of � is
relatively low.16

4.2. Heterogeneous Salesforce
Now consider the case when there are two types
of salespersons with different costs of efforts. The
cost function is given by �ih4 · 5, where �i is a con-
stant. We normalize �1 = 1. The second segment faces
higher cost function �2h4 · 5, where �2 > 1. The pro-
portion of the first type of salesperson in the market is
0 ≤ �≤ 1. The firm does not observe the salesperson’s
type but can potentially offer a menu of contracts so
that salespersons can self-select. Note that the formu-
lation can also be used to represent the case where the
salesperson knows more about the market conditions
than the firm. With probability �, the market is favor-
able, and the salesperson incurs lower costs, while
with probability 41 − �5, the market is tougher and
requires a higher level of effort. At time 0, the sales-
person observes the market condition, but the firm
only knows the prior probabilities.

First, consider the case of a single-period plan. The
usual solution to this case is that the salespersons are
offered a menu of quota plans and they self-select
which one they will implement. Thus, at time 0, the

16 Of course, in the long run, salespeople are unlikely to be fooled
by such contracts. Firms may also not want to implement such
exploitative contracts because of concerns of fairness, reputation,
employee satisfaction, and turnover (see also O’Donoghue and
Rabin 1999a for a discussion of these issues). These aspects are,
however, beyond the scope of the current paper.

firm offers a quota qi for the salesperson of type i with
an associated bonus of bi. If the salesperson i exerts
effort qi, then the plan must satisfy the individual
rationality constraint and the incentive compatibility
constraints. In other words, the salesperson must be
willing to exert the desired effort, and the salesperson
of type i should be willing to implement qi and not
qj1 j 6= i.17 The relevant constraints then are

�bi ≥�ih4qi51 i = 1121 (20)

�bi−�ih4qi5≥�bj −�ih4qj51 i=11000121 j=3−i1 (21)

where (20) are the individual rationality constraints
and (21) are the incentive compatibility constraints for
period 1.18 In this case, the individual rationality con-
straint for the less efficient salesperson, i.e., salesper-
son 2 binds, and the incentive compatibility constraint
for salesperson 1 in period 1 binds. This leads to

b2 =
�2h4q25

�
1 (22)

b1 = b2 −
h4q25−h4q15

�
=

4�2 − 15h4q25+h4q15

�
0 (23)

The problem for the firm then is to choose the quotas
such that

8q11q29 ∈ arg max
q11 q2

{

�

[

mq1 −
4�2 − 15h4q25+h4q15

�

]

+ 41 −�5

[

mq2 −
�2h4q25

�

]

}

0 (24)

It is easy to see then that q1 = �4m�5 and q2 =

h44m�41−�55/4�2 −�55. Comparing with the case with
no heterogeneity, we see that the quota for the more
efficient salesperson remains the same while that of
the less efficient salesperson is reduced.19 This result
is consistent with earlier work using time-consistent
preferences (e.g., Rao 1990). The intuition is that the
presence of less efficient salespersons prevents the
firm from extracting all the surplus from the more
efficient salesperson, who can always get positive

17 Note that we assume that the firm does not force the salesperson
to choose a quota ex ante but only publishes the menu of contracts,
and the salesperson is paid according to the sales that he achieves.
Alternatively, the firm could force the salesperson to commit to a
contract and not pay anything even if he achieves the lower quota.
Note that this distinction is irrelevant in models of time-consistent
preferences, but it does matter in our context. We make the conser-
vative assumption that the firm does not force the salesperson to
ex ante choose a contract because it reflects current practice.
18 As before, it is easy to see that the incentive compatibility and
individual rationality constraints for period 1 are stronger than for
period 0, and therefore we need only consider period 1 constraints.
19 To see this, note that this salesperson would be assigned a quota
of h44m�5/�25 absent heterogeneity and note the fact that 41 −�5/
4�2 −�5 < 1/�2.
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surplus by choosing the quota designed for the less
efficient salesperson. To reduce the rent to the more
efficient salesperson, the firm reduces the quota and
the payment to the less efficient salesperson.

Now, consider the multiperiod plan. First, note
that the logic of Proposition 1 still holds, and there-
fore multiperiod plans continue to dominate in this
case. We now characterize the plan. In this situation,
the firm can offer two types of menus 4Q11B15 and
4Q21B25, so that segment 1 chooses the menu 4Q11B15,
and segment 2 chooses the other menu (see Figure 4).
For this to work, we need the individual rationality
constraints and incentive compatibility conditions to
be satisfied for each of the two segments. Denote the
effort functions for salesperson i in period j , given a
plan 4Qi1Bi5, by eji4Qi). Define

�i4Q5≡�i

[

h4e1i4Q55

�
+h4Q− e1i4Q55

]

0 (25)

Thus, �i4Q5 is the effort cost for the salesperson i
at time 1 if he implements quota Q. The individual
rationality constraints for periods 1 and 2 are

Bi ≥ �i4Qi51 i = 1121 (26)

Bi ≥
�ih4Qi − e1i4Qi55

�
1 i = 1120 (27)

The corresponding incentive compatibility conditions
for periods 1 and 2 are

Bi − �i4Qi5≥Bj − �i4Qj51 i = 1 10001 21 j = 3 − i1 (28)

Bi −
�ih4Qi − e1i4Qi55

�
≥Bj −

�ih4Qj − e1i4Qi55

�
1

i = 1 10001 21 j = 3 − i0 (29)

Figure 4 Compensation Plan When Salespersons Are Heterogeneous

Sales

C
om

pe
ns

at
io

n

�2 �1

�1

�2

We consider the case when both salespersons are
active in the market. In such a case, clearly (26)
cannot bind for salesperson 1 because salesperson 1
can always get positive surplus by switching to plan
4Q21B25. Also, the incentive compatibility condition
for salesperson 2 does not bind. First, consider the
case when the second-period individual rationality
and incentive compatibility constraints do not bind
for both segments. If h4e5 = e2/2, then this is true if
� < 0061 and �2 > 41 − 2�41 − �55/41 − 2�5. We have
the following result.

Proposition 5. If (27) and (29) do not bind, then
a. Q∗

1 = �4m5 + �4m�5 > Q∗
2 = �4441 − �5m5/

4�2 −�55+�44�41 −�5m5/4�2 −�55.
b. If h4e5 = e2/2, then B∗

1/Q
∗
1 > B∗

2/Q
∗
2. Furthermore,

as � increases, there is more distortion of quota for the
high-cost segment.

The optimal plan is therefore of the type shown in
Figure 4. Proposition 5 shows that the presence of a
segment of salespersons who have higher costs leads
to lower goals being assigned to the salesperson with
higher effort costs. Using our results in Proposition 2,
we see that the optimal quota for the more efficient
salesperson remains unchanged, whereas the quota
for the less efficient salesperson is reduced. Also,
notice that consistent with our earlier results, using
the multiperiod quota plans, the firm is able to induce
optimal effort from salesperson 1 in period 2. Fur-
thermore, as before, the total effort induced using the
multiperiod quota plans exceeds that by using single-
period quota plans. The next part of Proposition 5
shows that the firm pays the more efficient salesper-
son at a much higher rate than the less efficient sales-
person. For example, consider the case when h4e5 =

e2/2. If � = 007, �2 = 21m = 4, and � = 005, the firm
pays 3.02 for achieving a quota of 2.26 but pays at
a much higher rate, i.e., 15.11 for achieving a quota
of 6.8. This mirrors many quota plans identified in
empirical research.

The last part of Proposition 5 shows how � affects
the degree of distortion in the quota plan offered
to the less efficient group. We find that if h4 · 5 is
quadratic, then as the self-control problem increases
(i.e., � decreases), the need to distort the quota for the
less efficient salesperson decreases. In other words,
self-control problems mitigate quota distortion due to
salesforce heterogeneity.

Now, consider the case when the second-period
constraints bind. If only the second-period individual
rationality constraints bind, then as before, the firm
will only distort the quota for the less efficient sales-
person. However, if the incentive compatibility con-
straint for salesperson 1 binds in period 2, then unlike
standard models, the firm will have to distort the quo-
tas for both the salespersons. Nevertheless, even in
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this case, multiperiod quota plans will be more prof-
itable than single-period quota plans.

4.3. Sales Are Stochastically Related to Effort
Now consider the case when the salesperson’s effort
is only stochastically related to sales. Consequently,
the firm cannot infer effort from observed sales. One
approach to model this is to assume that the sales-
person’s efforts do not always lead to sales and the
probability that effort leads to a successful outcome
is increasing in effort. We assume that the salesper-
son can choose between two levels of effort 4eh1 el5,
where eh > el. The lower level of effort can be viewed
as the base level of effort (such as routine calling
of clients) that the firm can observe and compen-
sate with a salary. However, the firm cannot observe
whether the salesperson has made additional effort,
which increases the chances of success. The cost of
this additional effort is ch > cl. We normalize cl = 0
and set ch = c > 0. To model the idea that effort
increases the probability of success, we assume that
a low level of effort, i.e., el, leads to success (output
of 1) with probability pl. However, the success prob-
ability with a high level of effort is ph, where ph > pl.
Thus, although the firm cannot observe effort, if sales
do occur, then it is more likely that the salesperson
has exerted a high level of effort. We will assume that
both the firm and the salesperson are risk neutral.
This considerably simplifies the analysis and allows
us to focus on the role of uncertainty and present-
biased preferences.20

First, consider the firm’s problem when it offers
a compensation plan based on each period’s output.
The firm can motivate the salesperson to exert high
level of effort if the bonus b1 is such that

�b1ph − c ≥ �b1pl0 (30)

In other words, we need

b1 ≥
c

�4ph − pl5
0 (31)

If the firm wants the salesperson to exert a high level
of effort, then the firm will set the quota to be one
unit in each period and set b1 such that (31) is satisfied
with equality. However, for the firm to want to induce
high effort, we need

mph −
c

�4ph − pl5
≥mpl1 (32)

20 Risk aversion is likely to make multiperiod contracts less attrac-
tive because it increases the chance that the salesperson will not
be paid at the end of two periods. It is well known in the liter-
ature that risk aversion leads to a fixed salary component in the
salesforce compensation plan (see, for example, Basu et al. 1985).
Nevertheless, the basic intuition in our analysis would still hold in
this more complicated case.

which implies that we need

m≥
cph

�4ph − pl5
2

=m00 (33)

Now, consider the case when the firm sets a multi-
period quota. We have the following result.

Proposition 6. The firm strictly benefits by offering
a multiperiod quota plan with Q = 2 and B = 4c41 +

�4ph − pl555/4�ph4ph − pl55 if m ∈ 4m11m
∗5, where m∗ =

4m041 − �4ph − pl555/41 − ph5 and m1 = 4m041 +

�4ph − pl555/41 + ph5. Furthermore, the range of m over
which the multiperiod plan dominates the single-period
plan increases in pl and c, and it decreases in �.

To understand Proposition 6, first note that when
ph = 1 and pl = 0, we have the base case. In this
case, the firm cannot benefit by offering a multiperiod
quota plan unless �< 1. Furthermore, in this case, the
firm always benefits by offering a multiperiod quota
plan, as long as � < 1. This is consistent with Propo-
sition 1. The intuition, as before, is that the firm can
pay relatively less to the salesperson by exploiting his
time-inconsistent preferences. With uncertainty, addi-
tional forces are in play that we need to understand.
First, note that under the multiperiod contract, the
salesperson will not exert effort in the second period if
there is no sales in period 1 (see Chung et al. 2008 for
empirical evidence of this phenomenon). This aspect
hurts the firm’s revenues, and the effect is stronger as
m increases. Thus, for high-margin items, multiperiod
quotas are less beneficial when sales are stochastic.

Now, consider the impact of pl. As pl increases, the
chances that the salesperson could get sales without
high effort increases. This increases the attractiveness
of the low-effort option. In the case of single-period
contracts, the firm needs to compensate the salesper-
son for the cost of high effort in every period relative
to the cost of low effort. However, for multiperiod
contracts, with a quota of 2, the salesperson exerts
high effort in the second period only if sales occur
in the first period. Thus, the expected cost for the
salesperson from the first-period perspective is lower
when he chooses to exert high effort in period 1. This
implies that the firm needs to offer a relatively lower
bonus as pl increases when it uses a two-period con-
tract as opposed to a one-period contract. Further-
more, as pl increases, the chance that sales will occur
without high effort in period 2 also increases. This
mitigates the problem with multiperiod contracts, that
they can sometimes lead to no effort in period 2.
Consequently, as pl increases, a multiperiod contract
becomes more attractive.

As c increases, the cost of inducing effort from the
salesperson increases, and therefore the firm must pay
a higher bonus in order to induce effort. Under a mul-
tiperiod plan, the firm, however, pays the bonus only
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if the salesperson is able to sell in both periods. This
aspect favors the multiperiod quota plan, and as c
increases, the firm pays out relatively less under the
multiperiod quota plan. The effect of � is consistent
with our earlier results. An increase in � makes the
time-inconsistency problem less severe, and therefore
multiperiod contracts become less attractive.

A natural question is whether the firm can do bet-
ter by offering compensation when there is no sales
in period 1. In other words, the firm could offer com-
pensation b for sale of one unit and B for sale of two
units, where B does not need equal 2b. However, it
is easy to show that this is not the case, and when-
ever multiperiod contracts are beneficial, they con-
tinue to dominate single-period contracts. Now, let us
consider the impact of multiperiod contracts on sales-
person’s welfare. We have the following result.

Proposition 7. The salesperson’s long-run surplus
increases with the multiperiod contract when m ∈ 4m11m05
and decreases if m>m0.

Proposition 7 shows that as before, multiperiod
contract plans can sometimes be a win–win for all
parties. When m ∈ 4m11m05, the firm is able to moti-
vate the salesperson to exert a high level of effort
under the multiperiod contract. However, under a
single-period contract, the firm does not find it prof-
itable to induce a high level of effort when m ∈

4m11m05. Note that as � increases, 4m11m05 decreases.
Thus, the region for which salesperson’s long-run sur-
plus improves due to multiperiod contracts is larger
for lower values of �, i.e., when the self-control prob-
lem is more severe. This is intuitive because single-
period contracts are less likely to be able to induce
effort when � is low. Finally, note that when m is suf-
ficiently high, salespersons are worse off under the
multiperiod plan. This is because in this situation, the
firm in any case is willing to pay in order to induce
the salesperson to exert high effort. However, the two-
period contract enables the firm to exploit the sales-
person’s time-inconsistent preferences and pay them
less. Furthermore, the presence of uncertainty enables
the firm to pay the salesperson only when sales occur
in both periods. Both of these effects reduce the sales-
person’s long-run surplus.

4.4. Salesperson’s Exponential Discount Factor Is
Less Than 1

In the base model, we assumed that the per-period
exponential discount factor is 1. Now let us consider
the more general case when �< 1. In other words,

D4�5=

{

1 if � = 01
��� otherwise.

(34)

For simplicity, we assume that the firm does not dis-
count future profits. This allows us to study the role

of two types of discounting by the salesperson, i.e.,
exponential discounting and the hyperbolic discount-
ing. First, consider the case when � < 1 and � = 1.
The optimal single-period contract leads to an effort
of �4m�5 in each period. However, under the optimal
multiperiod quota plan, the salesperson exerts �4m�25
in period 1 and �4m�5 in period 2 (see the technical
appendix for the proof). Note that with a multiperiod
quota plan, salespersons exert more effort in the sec-
ond period compared with period 1. Thus, the pro-
crastination effect we observed with � can be observed
even when salespersons only use exponential dis-
counting. However, when � = 1, procrastination by
salespersons unambiguously hurts the firm’s profits,
and the firm would strictly prefer to pay for output
after every period (see the technical appendix for the
proof). Recall, however, that when �< 1, the salesper-
son’s time-inconsistent preferences could make it more
attractive for the firm to defer payment. Thus, expo-
nential discounting and hyperbolic discounting affect
the optimal contract in opposite ways.

Now consider the case when both � and � are
strictly less than 1. Let us first examine the simple
case when the firm can either offer a contract in which
the payment is only made in period 3 or use single-
period contracts. In this case, we show in the technical
appendix that a sufficient (but not necessary) condi-
tion for using the pure multiperiod contract is that
� > 1/42 − �5. For example, if � = 008, then the pure
multiperiod contract dominates as long as � > 0083,
which is not too strong a condition. However, multi-
period quotas can be useful even when this condition
is not satisfied. We have the following proposition.

Proposition 8. If � < 1 and � < 1, then there always
exists a multiperiod contract such as in Figure 2, which
strictly dominates any single-period contract.

The results therefore show that when the salesper-
son uses both types of discounting, the firm uses a
mixture of per-period payment and bonus payments
at the end. In other words, even when � < 1, as long
as � < 1, the firm always benefits by back-loading at
least some compensation in the form of bonus pay-
ments. Thus, the basic intuition from our earlier anal-
ysis continues to hold in the case of �< 1.

5. Conclusion
The purpose of this paper was to examine an opti-
mal compensation plan when salespersons have self-
control problems. We model salespersons’ self-control
problems by assuming that they have present-biased
preferences. We then examine how these preferences
impact compensation plans. Our results suggest that
in the presence of present-biased preferences, firms
can sometimes increase their profits by delaying pay-
ments using multiperiod quota plans. We find that
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such plans can lead to effort distortions such as
procrastination or reduced effort in later periods.
Despite these negative consequences of multiperiod
quotas, we find that such plans can often motivate
salespersons to exert more effort and improve firms’
profits. Our analysis reveals that when salespersons
have low levels of self-control problems, multiperiod
quota plans will decrease their long-run surplus. This
is because firms use the multiperiod quota plans
to make the salesperson work harder and do not
have to pay him as much for the increased effort.
This happens because multiperiod quotas enable the
firm to exploit the time inconsistency in the sales-
person’s present-biased behavior. In contrast, when
salespersons have high levels of self-control prob-
lems, multiperiod quota plans can improve their long-
run surplus. This is because absent such plans, the
salesperson will exert very little effort, and the firm
will not find it beneficial to elicit more effort. Con-
sequently, in such situations, the salesperson will
receive low levels of compensation in single-period
plans. Under multiperiod quota plans, however, the
firm finds it profitable to induce more effort, and the
salesperson also gets paid more. Our paper therefore
establishes a motivational role for multiperiod quota
plans and clarifies why delaying payments by using
annual bonuses may be optimal.

Future research can extend our research in multi-
ple ways. Our results suggest that firms can bene-
fit by delaying at least some payments in the form
of bonuses. An important question is, how can firms
structure such bonuses? And what is the optimal
length of bonus periods? In practice, firms use quar-
terly bonuses as well as annual bonuses. Absent expo-
nential discounting, our results suggest that firms
will always delay payments to the last period. How-
ever, when we consider exponential discounting by
a salesperson, our results in §4.4 show that such a
strategy may not always be optimal, and firms may
prefer to pay at least some portion of the payment
each period. These results suggest that in deciding
the optimal length of time, the firm must balance
the opposing effects of the two types of discounting
by the salesperson, i.e., the exponential discounting
and hyperbolic discounting. Whereas hyperbolic dis-
counting works toward extending the length of time
after which bonuses are paid, exponential discounting
would tend to shorten it.21

21 For example, consider the case when the salesperson makes effort
decisions three times, and h4e5 = e2/2, � = 009, and � = 009. In this
situation, using single-period quotas dominates using only a bonus
payment in period 4. In particular, using an optimal quota of 0081
per period and a per-period bonus of 0042, the firm makes prof-
its equal to 10215. In contrast, if the firm uses a quota of 2036 in
period 4, it only makes profits of 1018. However, offering only a
bonus becomes attractive if � decreases to 0.8 or � rises to 0.95.

We have considered a situation in which the sales-
person makes only one type of decision, i.e., how
much effort to exert to achieve sales. In a more general
case, we could have a situation in which the sales-
person needs to not only decide how much effort to
exert but also choose where such efforts should be
directed. More generally, we could extend our model
to consider principal–agent formulation in which the
agent chooses the timing and the quantity of effort to
exert from a menu of tasks. It would be interesting to
study how to design optimal compensation plans in
such contexts. In our formulation, we have assumed
that the salespersons’ present-biased preferences do
not change over time. However, one could envision
the case that with experience, salespersons may learn
to better self-manage their time. This would then
imply that quota-bonus plans are more effective for
less experienced salespersons, something that could
be empirically examined. Our paper provides several
other hypotheses that can be subjected to empirical
tests. For example, our results suggest that bonuses
are more likely to induce higher efforts from individu-
als with higher self-control problems. Our results also
suggest that if effort costs are high, then multiperiod
quotas are more profitable. Future research can empir-
ically assess the validity of these results.

Electronic Companion
An electronic companion to this paper is available as part of
the online version that can be found at http://mktsci.journal
.informs.org/.
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