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1 Introduction

According to a recent survey, “95 percent of HR leaders admit that employee burnout is
sabotaging workforce retention”, with the top three contributing factors cited as “unfair
compensation, unreasonable workload, and too much overtime / after-hours work”. Further-
more, even among employees who stay with their firms, burnout or fatigue can undermine
engagement, sap productivity and fuel absenteeism (Kronos, 2017).

According to the World Health Organization (2018), burnout is “a syndrome conceptual-
ized as resulting from chronic workplace stress that has not been successfully managed. It is
characterised by three dimensions: 1) feelings of energy depletion or exhaustion; 2) increased
mental distance from one’s job, or feelings of negativism or cynicism related to one’s job; and
3) a sense of ineffectiveness and lack of accomplishment.” Numerous studies (e.g., Cordes
& Dougherty, 1993; Maslach et al., 2001; Schaufeli & Bakker, 2004) have found that one
of the primary drivers of burnout is a heavy workload (often referred to as “role overload”
or “quantitative overload”), which is typically treated as a fixed characteristic of a job. In
practice, however, workers make choices about how hard they work, particularly when their
effort is not directly observed. Employers, in turn, try to affect those choices using incentives,
targets, consequences, etc.

Consider the following example, from Sullivan (2018):



A few years ago, at her annual review, a friend was encouraged to pursue ‘stretch’
goals, and told that she could do more than she ever thought possible. Inspired,
she worked hard to achieve these new goals, learning and growing along the way.

Howewver, she also sacrificed a lot by working long hours, as well as over weekends.

At the next review, her boss said: ‘I knew you could do it! Let’s bump up your
goals again.’ Still in the glow of success she agreed. This time it was harder to
sacrifice but she scraped by. The following year, more fatigued, she was not so
welcoming of her boss’s praise and pitch for even higher targets again. The fourth

year, overwhelmed and dissatisfied, she quit.

This story highlights the fact that the cost of an employee’s effort (e.g. fatigue, oppor-
tunity cost of time) spills over from one period to the next. Burnout can be thought of
as resulting from the accumulation of this spillover. In the example, the friend’s exertion
in the pursuit of one year’s goal affects her willingness and/or ability to work hard in the
next year, as she progresses from “inspired” to “scraping by” to “fatigued” and ultimately
“overwhelmed” .1

From a firm’s standpoint, this ‘effort cost spillover’ implies that employees may need to
be compensated differently over time, to account for the accumulating effects of their effort.
If an employee is incentivized to work very hard in one period, as in our example, she may
require even stronger incentives in the next period in order to maintain her motivation or
keep her from quitting. In that case, is it optimal for the firm to reduce the employee’s
incentives in the first period in order to reduce her effort cost in the next? Or is it better
to offer strong incentives when the employee is ‘fresh’, then lower them — or perhaps let her
leave the firm — when fatigue sets in?

These questions are not addressed by existing incentive models. A typical approach to
modeling incentive design for workers whose actions are unobserved is to use a principal-agent
model (e.g. Holmstrom, 1979; Basu et al., 1985) that represents a single period, with some

exceptions discussed below. The implicit assumption is that the firm can follow single-period

!The story also illustrates ‘target ratcheting’, in which the firm responds to an employee’s strong perfor-
mance by raising goals or expectations. Ratcheting has been well studied by researchers in both economics
(e.g. Weitzman, 1980; Laffont & Tirole, 1988) and accounting (e.g. Bouwens & Kroos, 2011) and is not the
focus of this paper.



reasoning at each sage independently. However, this does not allow the principal or the agent
to account for any spillovers in the agent’s effort cost from one period to the next.

We develop a dynamic two-period principal-agent model with a risk-neutral agent (worker)
who experiences effort cost spillover between periods. Specifically, the worker’s effort cost in
the second period is increasing in both her second-period effort and her first-period effort. We
explore the optimal contract design over time and consider the connection between burnout
and contract design. We treat ‘workload’” as a choice made by the worker in response to her
contract (and her expectations about future contracts), rather than a fixed job characteristic.

Cordes et al. (1997) note that “Burnout is a developmental process. There is no on-off
switch, no clearly defined moment at which an employee announces ‘I am burned out’.”
Accordingly, the effort cost spillover effect in our model increases continuously with the
worker’s effort. With that said, our model results do suggest the possibility of a particular
type of outcome that we call a “burnout equilibrium”. In layman’s terms, it is intuitive to
think of someone as ‘burned out’ when they are no longer willing to do their job as a result
of their past effort, as in the above example. However, this is rather imprecise, particularly
when we endogenize contract design. Would the ‘friend’ in that example have been willing
to continue working if she received a pay raise of $1 million? $10 million? $100 million?

We define a ‘burnout equilibrium’ as an equilibrium in which the firm incentivizes the
worker to exert so much effort in the first period that she is unwilling to accept any contract
that the firm finds profitable in the second period. Put differently, she works so hard initially
that in order to continue working, she would need an exorbitant remuneration that the firm is
unwilling to provide. In our analysis, we restrict ourselves to situations in which the efficient
outcome — i.e., the outcome which maximizes the total long-term surplus — requires the
worker to stay with the firm and exert positive effort in both periods. Among other things,
we are interested in whether a burnout equilibrium can arise even under those conditions.

With no spillovers, and a risk-neutral worker, the firm can always capture the efficient two-
period surplus by offering a franchise contract? in each period. This result obtains whether
the firm and worker are forward-looking or myopic, whether or not the firm can commit to
future contracts, and independently of modeling details such as whether the worker’s effort

choice is continuous or discrete. The simplicity and robustness of this finding in the no-

2In a franchise contract, the worker is paid the net revenue she produces and charged a ”franchise fee”.



spillover case is one reason we choose to model the worker as risk-neutral in our setting. As
we will see, the presence of spillovers produces significant changes in the analysis and in our
understanding of incentive contracts.

Suppose there are spillovers and the actors behave myopically, both making decisions in
each period without looking ahead. Unsurprisingly, the firm than earns less than the efficient
total profits. In the first period, the worker exerts the single-period efficient effort but this
may be inefficiently high considering both periods. In general, the worker exerts too much
effort in period 1 and, due to the spillover, too little effort in period 2. This may be somewhat
of a benchmark finding, given that we usually expect firms to take a long-term perspective.

Suppose instead that the firm is forward-looking but the worker is myopic. This situation
corresponds to an experienced firm and a naive worker who does not properly understand
the long run impact of effort on her. The firm can correct for the worker’s short-sightedness
by offering a first-period contract with reduced incentives that lead her to optimally restrain
her first-period effort. In this way, the firm can always achieve its first-best outcome.

Now suppose that the firm and worker are both forward-looking. Somewhat surprisingly,
the firm may no longer be able to achieve its first-best. We might have expected that the
firm could obtain its first-best outcome by simply offering two franchise contracts. After
all, a forward-looking worker should internalize the spillover externality and lower her first-
period effort on her own. Or we might have expected that offering a first-period contract
with reduced incentives could achieve the first-best. The rub, however, is that the worker
anticipates that the firm will offer a second-period contract that leaves her with zero surplus
in that period. As a consequence, if the worker is offered a franchise contract in the first
period, she may choose to over-exert herself in that period and quit in the second (thereby
avoiding the spillover cost). If the worker is instead offered a first-period contract with
reduced incentives, she may choose to shirk in that period to benefit from a lower second-
period effort cost. Thus, in sharp contrast with the no-spillover case, the firm may be unable
to obtain first-best profits. Moreover, we find that the firm’s equilibrium strategy may be
to induce the worker to burn herself out, even though she cannot be replaced in the second
period and it is efficient for her to stay with the firm and continue exerting effort. This
burnout equilibrium can be quite inefficient, yielding little more than half of the first-best

surplus.



The firm is harmed by the fact that the worker anticipates a relatively unattractive second-
period contract offer. This obstacle can be surmounted if the firm is willing, and able, to
commit to an incentive plan for both periods at once. The firm can then always achieve its
first-best outcome by offering a period 1 contract that yields the worker a negative surplus
and committing to a period 2 contract that yields a positive surplus, with zero total surplus
for the worker. This commitment need not be a formal, multi-period contract. It could,
for instance, be a ‘reputational commitment’ in which the worker trusts the firm to offer
a particular period two contract, with the firm reliably doing so to avoid ‘punishment’ by

workers in the future.

1.1 Literature review

As noted above, much of the theoretical literature on incentive plan design for workers in
the last four decades is based in agency theory. The underlying principal-agent models
assume an outcome (e.g. output, sales, profits) that is driven by the effort of the agent, but
with a stochastic component, reflecting uncertainty in the production function. While these
models have been adapted to a wide range of contexts (e.g. Lal & Staelin, 1986; Joseph &
Thevaranjan, 1998; Godes, 2004), they typically consider only a single time period, wherein
the firm (principal) offers a contract, then the worker (agent) chooses whether to accept and,
if so, chooses her effort level for the period to which the contract applies.

There is, however, a subset of the compensation literature that considers multiple peri-
ods, including a mix of empirical and theoretical research. On the empirical side, Banker
et al. (2001) provide a study of performance improvements following the implementation
of a “pay-for-performance” compensation plan, using data from multiple periods to explore
the relative strength of the “selection effect”and the “effort effect”of incentives. Steenburgh
(2008) provides an empirical study of the effects of lump-sum bonuses on salesperson be-
haviour, including the potential for manipulation of order timing. A number of researchers
have used multi-period studies to explore the effects of “target ratcheting”, the practice of
basing targets for one period (at least in part) on performance in the previous period. See
Indjejikian et al. (2014) for a review of both theory and empirical research on ratcheting.

Multi-period worker compensation models have been considered somewhat more exten-



sively in the theoretical literature, but the firm’s and worker’s utilities are generally assumed
to be independent or ‘time-separable’ across periods (e.g. Mantrala et al., 1997; Gershkov
& Perry, 2012; Jerath & Long, 2020). Similarly, dynamic moral hazard models in which
decisions are made in continuous time (e.g. Holmstrém & Milgrom, 1987; Lal & Srinivasan,
1993; Demarzo & Sannikov, 2017) typically assume that preferences remain consistent over
time. In our model, the agent’s utility — specifically her effort cost — depends on her action
in the previous period, introducing an important new dynamic. Schottner (2017) allows for
similar “cost externalities”in a two-period principal-agent model, but the firm only observes
outcomes (and determines compensation) at the end of the second period. The agent’s ef-
fort options are binary and the firm always prefers the higher option in each period. We
relax those assumptions, allowing the firm to compensate the agent after each period and
considering a range of optimal effort choices. Furthermore, while Schottner (2017) focuses
on whether the firm should offer commission- or bonus-based compensation, we explore how
and when the firm can achieve its best possible outcome and the conditions under which it
prefers to burn agents out.

There is also a subset of the dynamic moral hazard literature that focuses on intertemporal
risk sharing and how past outputs affect the curvature of the agent’s utility function (e.g.
Rogerson, 1985; Lambert, 1983). The effect of savings on the optimal incentive schemes have
also been analyzed by Fudenberg et al. (1990) and the literature that followed (in particular,
the literature that considers hidden savings, such as Abrahdm & Pavoni (2008) and the
references therein). Again, in those literatures the agent’s cost of effort remains consistent
over time, with dynamics affecting her accumulated wealth (and thus utility). In our model,
we focus on a risk-neutral agent in order to isolate the cause of inefficiency, so the insights
from those subsets of the literature do not apply.

The model that is perhaps most similar to our own is that used by Dearden & Lilien
(1990). That paper focuses on “production learning”, through which manufacturing costs
decline with cumulative volume (i.e., with production experience). When that occurs, firms
have an incentive to increase sales, and therefore production, in one period in order to
decrease costs in the next. The authors use a two-period model to explore the use of sales
force compensation to achieve this objective, optimizing long-term discounted profits in the

presence of production learning. Again, however, their model assumes that the agent’s utility



with respect to income and effort is identical and independent across periods. As a result,
their agent does not benefit from a forward-looking strategy, although the firm does. Perhaps
not surprisingly, then, their results look quite similar to our own (although inverted, because
early effort lowers later costs in their model and raises them in ours) if the agent were
assumed to be myopic and the firm forward-looking. However, our model introduces new
findings when the agent is forward-looking, adjusting her early effort in anticipation of its
effect on her future utility.

Lastly, there is a substantial literature on the subject of employee burnout. The com-
monly accepted definition in that research is similar to that of the WHO, focusing on three
components: emotional exhaustion, depersonalization / cynicism, and diminished personal
accomplishment (Cordes & Dougherty, 1993). As noted above, studies have consistently
found that “work overload”is a significant driver of emotional exhaustion and consequently
burnout, but workload is typically treated as a fixed characteristic of a job and the link
between workload and incentives is rarely considered. One notable exception is Habel et al.
(2021), an empirical study of the effects of variable compensation on salesperson health, in-
cluding emotional exhaustion. Habel et al. find that variable compensation (as a share of
total compensation) is positively associated with both performance and emotional exhaus-
tion, which is consistent with our model assumptions. Ours is believed to be the first use of
game theory to study burnout. While most of the existing research focuses on the process
of burnout or its three components, we are interested in the relationships between burnout,
incentives, and turnover. We treat workload as the result of choices made by the firm and
the worker, rather than a fixed characteristic.

The remainder of this paper is structured as follows: In the next section, we introduce
the model to be analyzed. Next, we derive and discuss the results of the model. Finally, we

review the implications of our findings and discuss related research opportunities.

2 Model

We analyze a two-period game between a firm and a worker. Two periods is the minimal
time horizon that allows us to capture the impact of effort cost spillovers on the optimal

design of the worker’s compensation plan and on the firm’s performance.



Worker and Firm

For ease of exposition, the worker’s output x; in period ¢t € {1,2} can take two possible
values, with low output (“failure”) normalized to 0 and high output (“success”) =z > 0. In
each period ¢, the worker chooses an effort level e; € F'U g, where E is some closed subset of
R, and ¢ indicates the worker quits. If she does not quit, her effort e;, which is not observed
by the firm, determines the probability of success p (e;) = Pr(x; = z|e;) in period ¢, where
p(0) =0 and p (e) is an increasing function.

Since the firm cannot directly compensate the worker for her effort, it instead motivates
her by basing her pay on output, which is mutually observed. Given the binary nature of
output, a contract for period ¢ is simply a pair of payout values (f, s;) associated with failure

and success in that period. In period ¢, the worker receives compensation:

ft if Ty = 0
U}t<l’t> =
s ==

We also write w; = (fi,s¢:). The payments can be thought of as a fixed salary f plus an
outcome-dependent bonus s — f. Note that the period 2 contract ws that the firm offers can
depend on the observed period 1 output.

The worker receives increasing utility from income and is assumed to be risk-neutral; we
use a simple linear utility function u(w) = w. Assuming risk neutrality makes the model
more tractable and transparent, allowing us to isolate the effect of spillovers. In a standard
model without spillovers, risk aversion leads to firms offering workers reduced incentives and
to firms being unable to achieve their first-best outcomes. We obtain both these features
with simple risk-neutral workers.

If the worker does not quit, she incurs a cost from the effort she exerts in each period. In
period 1, this cost is given by ¢ (e;), where ¢; (0) = 0 and ¢, is strictly increasing with strictly
increasing incremental cost,® reflecting the common assumption that marginal disutility from
effort within a period is increasing. In period 2, the effort cost is given by cs(eq, e2), where

i) co(0,e9) = 1 (e2)?, ii) o is strictly increasing in ey and strictly increasing in e; when

3When c; is differentiable, the incremental cost is simply the marginal cost.
4This assumption highlights the role of spillovers when comparing our results to the standard analysis. It



ey > 0, iii) the incremental cost of second period effort es is strictly increasing, and iv)
the incremental cost of second period effort ey is strictly increasing in first-period effort e;.
The role of e in ¢ (e, e2) reflects the spillover effect from the worker’s earlier effort. This
spillover could represent a fatigue or burnout effect, as discussed above. In some contexts
(e.g., when the worker is a salesperson), it could also represent a saturation effect, in which
early-period effort is directed at the easiest tasks or targets —i.e., ‘low-hanging fruit’ — leaving
more difficult ones for the later period.?
Special case: A simple special case of spillovers is given by ¢s (e1,e3) = (1 4+ k (e1)) ¢1 (e2)+

g (e1), for increasing functions k and g. Spillover k increases the marginal cost of second pe-
riod effort while spillover ¢ shifts up second period effort cost. We will return to this special

case periodically.

e The literature in the standard setting without spillovers often assumes i) £ = R, ii)
p is concave and differentiable, (iii) ¢; is strictly convex and differentiable. Adding,
for our context, iv) ¢y is strictly convex in its second argument and differentiable with
Oca(e1,e2

Do B ) > 0, we refer to these four assumptions as the continuous case. When E is a

finite set, we speak of the finite case.’

The worker’s utility from income and disutility from effort are taken to be additively sepa-
rable, so that her utility in periods 1 and 2 are given by wy(x1) —c;(e1) and wy(xe) —ca(eq, €2),
respectively. The worker maximizes her expected utility. To streamline the analysis, we
make the common assumption that when the worker is indifferent between several actions,
she chooses the one that is best for the firm.

The worker’s best outside option provides utility U in any single period, which we nor-
malize to 0. If at any point in time the firm’s (anticipated) contracts yield the worker a total
expected utility less than 0, the worker rejects the current contract offer, exits the firm, and

earns 0 from then on.

can be dropped without affecting our results.

5Tt is also possible for a spillover to be negative, with early effort making later effort less costly (perhaps
from a learning or ‘momentum’ effect). Analysis of that case is left for future research.

SWhile E is an unbounded set in the continuous case, this difference with the finite case is inessential.
Rather than E = R, we can have E = [0, M], with M large enough to assure interior solutions (a sufficient
condition is ¢ (M) > p (M) x), and everything we will say about the continuous case remains valid.



The firm’s profits in each period are defined as output minus the worker’s compensation,
m; = x; — wy. (For example, if the worker is a salesperson, then her output would be net
sales.) The firm maximizes its expected profits. If at any point the worker exits, the firm
earns 0 from then on. Thus, we are assuming that the firm is unable to hire and train a
replacement within the time frame of the model.

Sequence of events

The sequence of events is as follows:

1. The firm offers the worker a period 1 contract wy = (f1, $1).

2. The worker chooses whether to accept the period 1 contract. If she refuses, she quits
the firm and the game ends. If she accepts, she chooses her effort level, e; and the

game continues.
3. Period 1 output z; is realized and the firm pays the worker wy ().
4. The firm offers the worker a period 2 contract we = (f2, S2).

5. The worker chooses whether to accept the period 2 contract. If she refuses, the game

ends. If she accepts, she chooses her effort level, e,.

6. Period 2 output x5 is realized and the firm pays the worker ws(xs).

We also consider a variation of this sequence in which the firm commits to contracts for

both periods at the outset (in step 1).

3 Analysis and results

Denote the period 1 expected surplus of the worker and firm combined by E [S] (e1)] =
E[z1|e1] — c1(e1), the period 2 expected surplus by E [Ss (e, e2)] = Elxales] — cales, e2), and
the total two-period expected surplus by E[S (e1,e2)] = E[S) (e1)] + E[S2 (e1,e2)]. Let €}

and e} be the efficient effort levels in periods 1 and 2, which we assume exist and are unique

10



(as is true in the continuous case). Then, (e}, e}) = argmax,, e,epug £ [S (€1, €2)]. The firm’s
first-best outcome yields expected profits E[S ((e}, €3)).

It is not readily apparent whether the first-best outcome requires more effort from the
worker in the first period or the second. Put another way, is it better for the worker to push
herself early then ease up later when effort is more costly, or to hold back early to minimize
the cost spillover before making a late push? In fact, both scenarios are possible as we discuss
in Section 3.3.

When e; =0, for ¢ =1 or 2, the analysis reduces to a one-period problem, so we restrict
our attention to situations in which the efficient outcome requires the worker to exert positive

effort in both periods.
e Assumption: e}, e’ > 0.

Since e}, e5 > 0, the worker can be profitably employed in both periods. Nevertheless,
if her first-period effort is sufficiently high, the spillover cost from that effort may make it
unprofitable to employ her in the second period. In particular, there may exist a first-period
effort threshold such that if the worker exceeds it, then she is unwilling to accept any contract
that the firm is willing to offer in the second period. We call this the “burnout threshold”
%, formally defined by:

e =min{e; € E: Efxy | es] —ca(er,e3) <0,Vey € E}.

Suppose €b exists. If e; > €%, then the firm prefers that the worker exit in period 2. Since

the worker exerts positive effort for both periods in the first-best outcome, we have ef < €b.

Consider the effort level in E that maximizes period 1 expected surplus E[S; (e;)]. We
denote this effort by e]’, since it is the period 1 myopic efficient level. Given any period 1
effort ey, let €5 (e1) be the effort level that maximizes period 2 expected surplus E [Ss (e1, €2)].
The following lemma follows (almost) immediately from the negative impact of period 1 effort

on period 2 costs.

Lemma 1. 1) e < ef*, with a strict inequality in the continuous case. 2) €3 (e1) is weakly

decreasing in ey - strictly decreasing in the continuous case, whenever ej* > 0.

11



No Spillovers

The standard model without spillovers - o (e1,e3) = ¢ (e2) - is stationary in character.
Hence, whether the model covers a single period or many periods is insignificant, as the
well-known single-period analysis extends readily across time. With two periods, efficient
effort levels are e] = e5 = ef*. In both periods, the firm captures the maximum possible
surplus E'[S; (e})], while the worker exerts effort e and receives no surplus. This outcome
can be accomplished by the firm offering the contracts wy(x;) = x,+c1(e]) — Elxi|ei], t = 1,2.
This franchise, or sellout, contract can be interpreted as the worker, in each period, keeping
the revenue z; she generates and paying the firm a fixed fee of E[z|ef] — c¢(e7). The firm’s
first-best outcome obtains whether the players are myopic or long-viewed and whether or not
the firm can commit to future contracts. Moreover, details of the model such as whether the
worker chooses effort from a continuous or finite set are immaterial.

When there are spillovers, things are quite different. Efficiency is no longer guaranteed

and variations of the model can have important impacts, as we will see.

3.1 Myopia

One way that a one-period no-spillover model can be adapted to our setting is to model
two separate periods, mechanically adjusting the effort cost in period 2 to account for the
spillover from period 1 equilibrium effort. This is equivalent to assuming that players are
myopic: In period 1 they both completely disregard their period 2 payoffs. The two periods
can then be solved independently in the standard manner, as follows.

In period 1, the firm captures the maximum possible surplus E [S; (e]")], while the worker
exerts effort e]* and receives no surplus. This can be accomplished by the firm offering the
franchise contract wy(x1) = x1 + c(e*) — Elx1|el].

If e > €b then (by the definition of €}) the firm cannot design a profitable period 2
contract that the worker will accept. Hence, the worker exerts the firm’s single-period optimal
effort in period 1 but experiences burnout as a result and exits in period 2. If " < e, the
firm can profitably employ the worker in period 2. The firm induces the second-period effort
choice €5 (ef*), which can be done with an appropriate franchise contract. The firm earns

period 2 profits E [Ss (], e (e]*))], while the worker again derives zero surplus. In both

12



cases, the worker exerts more than the efficient effort level e} in period 1 and less than the

efficient level €} in period 2; the firm earns less than its first-best profits E[S (e}, €3)].

Example 1. Recall the special case co (eq,e2) = (1 +k(e1)) c1 (e2) + g (e1) and set ¢y (e) =
e? k(e)) = ae; and g(ey) = bey. In addition, let E = [0,1], p(e) = e, and successful
output x = 1. A simple calculation shows i) a =1, b =0 = e} = 0.44, e5 = 0.35 and
BE(S(ef,e3) = A42), while it) a=0,b=32 = e} =1, e; =3 and E(S(e},e3)) = 2.7

5 100"

e [n period 1, the myopic firm offers the franchise contract wy (v1) = x1 — %; the myopic

worker chooses period 1 effort % > e].

— Ifa=1,b=0, the firm offers a period 2 franchise contract xo — %. The worker
chooses period 2 effort 5 < €. The firm earns 3 < E(S(ef, e3).

—Ifa=0b= %, the worker burns out and quits in period 2. The firm earns }l <
E(S(e1,€3)).

Unsurprisingly, a firm suffers when it myopically ignores the cumulative effect of effort on
the worker. Generally, however, we expect that firms take a long-term view. Moreover, their
experience with workers should provide them with a good understanding of effort spillovers.

On the other hand, workers may be naive and not properly anticipate the draining effect
effort has across time. Accordingly, let us suppose that the firm is forward-looking but the
worker is myopic. Now the firm can achieve its first-best. In period 1, the firm offers a
contract (fi,s;) such that ef = argmaxccr [p(€e)s1 + (1 —p(e)) fi — ¢1 (e)]. Such a contract
must have reduced incentives relative to a franchise contract, s; — fi < x, so that the
worker does not over-exert herself. In the above example where ¢ = 1 and b = 0 , in
period 1 the firm offers the contract (f,s1) = (—€;%,2e} — e}?) = (—0.19,0.69) . Note that
s1—f1 =088 <z =1.

We summarize the above findings in the following proposition.

Proposition 1. When the firm and the worker are both myopic, the firm earns weakly less

than its first-best payoff; the worker exerts weakly more than first-best effort in period 1 and

"Note that in i) efficient levels are decreasing while in ii) they are increasing. We return to this in Section
3.3.
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weakly less than first-best effort in period 2. All inequalities are strict in the continuous case.
When only the worker is myopic, the firm earns its first-best payoff; in period 1 the firm

offers the worker a contract with weaker incentives than a franchise contract.

In the remainder of the analysis, we assume that both the firm and the worker are

forward-looking.®

3.2 Forward-looking firm and worker

We now analyse what might be considered the fully rational model: Both the worker and
the firm take full account of spillover effects in a forward-looking manner. For simplicity, we
assume that both players maximize the undiscounted sum of their surplus; a small non-zero
discount factor would not qualitatively affect the main results. In contrast to the no-spillover
case, it is important to consider whether or not the firm can commit to a period 2 contract
at the time that it offers a period 1 contract. As we will see, if the firm can commit to a
future contract, then it always obtains its first-best outcome; if the firm cannot commit, this

is no longer assured. We begin with the commitment case.

Commitment

At the outset of the game, the firm offers a period 1 contract and a period 2 contract.

Commitment is not required of the worker, so she is free to quit the firm at any time.

Proposition 2. When both the firm and the worker are forward-looking and the firm can
commit to a future contract, the firm always obtains its first-best outcome. The firm can
accomplish this using two franchise contracts. In the continuous case, the worker’s expected

surplus is negative in period 1 and positive in period 2.

Let us first consider the properties of a first-best contract in the continuous case. First
note that the worker cannot receive a negative expected surplus in the second period, else
she would quit after the first period. Suppose her second-period surplus is zero. Then she

must be at a myopic best response in period 1; otherwise, she could improve her payoff by

8We omit the analysis of the somewhat odd case of a myopic firm and forward-looking worker. In this
setting, the myopic firm does not generally obtain its first-best outcome.
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myopically optimizing in period 1 and quitting in period 2. Since she is myopically optimizing
in period 1, and our functions are differentiable, a slight deviation in her effort level results
in essentially no change in her period 1 utility but does affect her period 2 utility, through
the spillover effect on her effort cost. The worker can profitably deviate to slightly less effort
in period 1 in order to generate surplus utility in period 2 — a contradiction. Therefore, her
second-period expected surplus must be positive. At the same time, her first-period expected
surplus must be negative since the firm captures the total surplus across both periods. One
way for the firm to accomplish this is with the following pair of franchise contracts, which

can be used for all parameter values in both the continuous case and the finite case:

wy(x1) = o1 — Bz | e'] + c1(e]")

wo(w2) = w3 — Elxy | €3] + cole], €5) + Elxy | ef'] — ci(e]’) — Elxy | e]] — ci(e])

Observe that w; here is exactly the same as in the benchmark case, where the firm and
worker are both myopic. But now the forward-looking worker does not exert effort e}” in
period 1. Instead, she internalizes the externality of the spillover and ‘shirks’, exerting effort
el < ef", with a resulting negative payoff of (E[xy | €i] — c(e3)) — (E[z1 | €'] + c¢(e]*)). The
firm ‘reimburses’ her for that loss in period 2.

It is worth noting that this commitment need not be made through a formal future
contract offer. In effect, the equilibrium relies on the worker believing that the ‘correct’
contract will be offered in the second period and the firm being sufficiently motivated not
to deviate from that offer. For example, although not explicitly represented in our two-
period model, that motivation could be the result of the firm’s longer-term concerns about
its reputation and ability to recruit and retain workers.

The firm’s ability to commit to giving the worker a positive surplus in period 2 is crucial.
We next consider what happens when the firm is either unable or unwilling to commit to

future contracts.

No commitment

Suppose that the firm cannot commit to a period 2 contract in period 1.
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Proposition 3. When both the firm and the worker are forward-looking and the firm cannot

commit to a future contract, the firm cannot always obtain its first-best outcome.

This result stands in contrast to Proposition 2 and to the no-spillover case. To understand
Proposition 3, we first show that there is no efficient (subgame perfect) equilibrium in the
continuous case. Suppose instead that there is one. As we argued in the commitment case, in
an efficient equilibrium the worker must be getting a positive expected surplus in the second
period. However, when the firm cannot commit to a future contract, this is impossible. If the
worker was obtaining an expected surplus M, > 0, the firm could modify its second period
contract by charging her an additional Ms; the worker would accept the contract without
altering her behaviour and the firm would be better off.

This argument can be extended to show that there is actually no subgame perfect equi-
librium at all in the continuous case. If the worker is maximizing her period 1 utility, she
prefers to reduce her effort (slightly) and benefit from a lower effort cost in any period 2
subgame in which she exerts positive effort. If she is not maximizing period 1 utility, she
prefers to maximize her short-term utility and then quit. This seems to suggest a subgame
perfect equilibrium in mixed strategies but there is none (see the Appendix). However, this
non-existence is essentially a technical issue — recall that existence of a subgame perfect
equilibrium is not guaranteed when strategy spaces are continuous. Existence of a (possibly
mixed) subgame perfect equilibrium can be guaranteed by using a finite grid to approximate
continuous strategy spaces. If the grid is fine enough, the argument of the previous paragraph
still applies and all subgame perfect equilibria are inefficient.

While a finite effort choice set has the technical advantage of assuring existence of an
equilibrium, there are also good non-technical reasons for its use. The worker may not
perceive effort costs in a continuous manner but rather as discontinuous jumps. More to the
point, in many contexts the worker’s effort choices are more accurately modelled as a finite
number of choices. A salesperson’s effort, for instance, may be best measured in units like
customer calls / visits or days on site. Small changes may have little impact. Or her effort
may be predominantly a function of the number of regions or clients she focuses on, so that
a set of effort levels with only a few choices, rather than a fine grid with a multitude, may

be appropriate. We turn to the finite case next.
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Finite case

Suppose the worker chooses among n effort levels, so that E = (ay,as ...,a,),0 <a; < as <
... < a,. We can think of a; as the minimal effort the worker can put in without being fired
by her supervisor. If probabilities and costs were defined on an interval of R, containing F,

Cip1—C; Ci—Ci .
L= > 2L for all 4, so we assume
Pi+1—C Pi—Ci—1

the concavity of p and convexity of ¢ would imply
these conditions.

Our first proposition covers two extremes: the efficient first-period effort is very low,
e} = aq, or very high, e} = e]". The former case implies that spillover costs are important;
the latter may correspond to negligible spillovers or to non-negligible spillovers which reveal

themselves in a small e3.

Proposition 4. If ef € {ay, e}, the firm obtains its first-best outcome. When e} = ay, the
firm can accomplish this using a flat contract in period 1 followed by a franchise contract in

period 2. When e = el*, the firm can offer two franchise contracts.

First suppose that e] = a;. If the firm offers a flat contract in the first period, the worker
responds by putting in minimal effort a;; a franchise contract in the second period elicits
efficient behaviour in the usual way. In each period, the firm extracts all expected surplus.
Now suppose that e} = e]" and that the firm offers two franchise contracts. As a general
matter, such an offer either i) elicits efficient behaviour or ii) induces the worker to myopically
over-exert herself in period 1 and then quit. When e} = e", myopic optimization is efficient
so that ii) does not apply.

Our next two propositions cover spillovers that reduce the first-period efficient output,
though not to an extreme, a; < ej < e]". The first proposition gives sufficient conditions for
the firm to achieve its first-best outcome.

Consider a first-best equilibrium. The worker exerts efforts e}, €5 and earns a two-period
(expected) surplus of 0. Since there is no contract commitment, the firm will extract all
the surplus in period 2. Hence, in period 1 the firm must offer a contract under which e}
is the worker’s myopic best response; otherwise the worker could do better by myopically
optimizing in period 1 and quitting in period 2. Note that the worker earns no surplus in

period 1 either, since her total surplus across periods is 0.
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Let e] = a, and e} = aj, and define the first period contract w; = (f*, s*) by

= p(ag1)ci(ag) — ¢ (ag1) p(ay) o — (1 —plag))ci(agy1) —c1(ag) (1 —pl(agi1)) (1)
p(agy1) — p(ay) , p(agy1) —p(ay)

This contract is designed to satisfy the conditions described in the previous paragraph, which
are similar to those found in a standard principal-agent problem without spillovers. First, the
contract satisfies the incentive compatibility constraint, ensuring that e} = a, is the worker’s
myopic optimal effort choice. Second, the worker’s participation constraint binds at that
effort, ensuring that the firm collects all period 1 expected surplus.

Under this contract, the worker cannot benefit in the short term by deviating from ej.
However, due to her effort cost spillover she might still prefer to reduce her effort in period
1 to enjoy a lower effort cost in period 2. For the firm to achieve its first-best outcome, the
firm must be able to ensure that the worker’s loss from any shirking in period 1 outweighs

her increased efficiency in period 2. The condition in Proposition 5 guarantees this.

Proposition 5. Suppose ef ¢ {ay1,el"}. The firm can obtain its first-best outcome if, for all
1< gandj>h,

plai) s+ (1 =p(a)) f* = e (@) <plan) =3 (ag,an) = plag) x +ca(aia5) . (2)

In period 1, the firm must offer incentives that are stronger than a flat contract, to induce
e1 > ay, but weaker than a franchise, to preclude e; = €*. In the second period, the firm can

offer a franchise contract.

The contract w; = (f*, s*) satisfies the incentive compatibility constraint, while s* — f*
is the largest incentive that the firm can offer without inducing a first-period effort choice
greater than ef. That is, under the contract w; = (f*, s*), effort e is optimal in period 1,
while under any contract (fi, s1) with s; — f; > s*— f, some effort e; > e} yields the worker a
higher period 1 payoff. Thus, the contract provides the strongest possible disincentive for the
worker to shirk in period 1. Condition (2) ensures that when the firm offers (f*, s*) in period
1 followed by a franchise contract in period 2, the worker’s first-period loss from choosing a

smaller effort than e} outweighs her resulting second-period gain from reduced effort costs.
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When condition (2) is violated, it is not always possible for the firm to achieve its first-
best outcome. As the next proposition indicates, the firm’s best strategy might then be to

burn the worker out — maximizing her short term effort then letting her exit.

Proposition 6. Suppose e ¢ {aq,e*}. When condition (2) does not hold, the firm may
not be able to achieve its first-best outcome. When it cannot achieve its first-best, the firm
sometimes offers a burnout contract in period 1. The resulting inefficiency can be severe:
The firm’s expected payoff under a burnout equilibrium can approach half of the first-best, but

can never be lower.

Although the proposition focuses on burnout, there may also be other types of inefficient
equilibria when condition (2) fails. One possibility is an equilibrium in which the worker
mixes between e] and some lower action a; < e]. In such an equilibrium, the firm offers a
contract with a higher franchise fee in period 2 when output is low in period 1.

The exact conditions under which burnout is optimal for the firm may be affected by
additional factors that are not included in our model. For example, we have assumed that
workers who exit cannot be replaced in period 2. It is possible that the firm could hire and
deploy a new worker quickly enough to achieve some productivity in period 2. In that case,
burning workers out would become more attractive, effectively relaxing the conditions under
which such an equilibrium exists. On the other hand, we have not included some additional
costs associated with turnover (e.g., hiring and training new workers), which would make
burnout less attractive and thus narrow those conditions. Even when it is the firm’s optimal
strategy, burning the worker out can be very costly relative to the first-best outcome, as
illustrated in Example 3.

While we have assumed that the worker is risk-neutral in order to isolate the effects of
effort cost spillovers, our main qualitative results, including the firm’s inability to achieve its
first-best outcome and the existence of burnout equilibria, will continue to hold with some

risk aversion. We leave the complete analysis of a risk-averse agent for future research

Two Examples In this section, we present two examples that illustrate propositions 5 and
6. We allow the worker’s effort to take one of three values - E = (ay, az, ag) - which is the

simplest finite case that displays a range of outcomes. In both examples, the probability of
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success and first-period costs are described by the following matrix:

Period 1 effort p(a;) ¢ (a;)

1
aq 100 1 3
(3)
a 52 2
2 100
58
as 100 4

The first example illustrates Proposition 5 - the sufficient condition (2) is satisfied, so the

firm can obtain its first-best outcome.

Example 2. The probability of success and the first-period effort costs are given by matriz

(3). Second-period effort costs co (a;,a;) are given by the matriz:

Period 2 effort — ay as as

Period 1 effort| co(aj,a1) co(a,az) co(ag,as)

ay 1 2 ol
ao 2 17 72
as 300 450 500

It is easily verified that the efficient effort choices are €] = as, €5 = ay. Moreover, these are

also the unique equilibrium effort levels. These efforts can be implemented by the contract
wr = (ff,57) = (-2, %), as defined by (1), followed by the contract wy = (fa, s2) = (—9,41).

373
The firm earns the first-best surplus 813. (See Appendix for details).

The second example illustrates Proposition 6; condition (2) is not satisfied and the firm
cannot obtain its first-best outcome. It differs from the first example in that the cost spillover
from period 1 effort has increased. For simplicity, the only change is an increase in the cost

of effort level ay in period 2 following as in period 1.

Example 3. The probability of success and the first-period effort costs are given by matriz
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(3). Second-period effort costs cs (a;, a;) are given by the matriz:

Period 2 effort — aq as as

Period 1 effort] ca(ai,a1) co(ai,as) co(ai, a3)

ai 1 2 o1
as 2 22 72
as 300 450 500

Again, e} = ag, €5 = ay. But now these effort levels cannot be achieved in equilibrium. Instead,
the unique equilibrium outcome is an effort of ag in period 1, resulting in the worker burning
out and quitting. This outcome can be implemented by the contract offers wy = (ff,s}) and
wy = (0,0). The firm earns a surplus of 460, which is 57% of the first-best surplus 808.
Why is it that efficiency no longer obtains? The firm could, as before, offer a contract that
makes the effort level ay myopically optimal in period 1,° followed by a franchise contract.
But now, the increased spillover cost means that the (forward-looking) worker would choose
effort level ay in period 1, sacrificing some of her initial payoff in favour of a reduction in

her later effort cost.

Note that equilibrium effort levels are constant in the first example and decreasing in the
second. It is also possible for them to be increasing. For instance, this occurs when a; = e}
and efficient efforts are increasing.

In the next section, we consider the direction of efficient effort levels.

3.3 The Effect of Spillovers on First-Best Efforts

With no spillovers, efficient effort levels are a constant e* across periods. Spillovers (weakly)
reduce the efficient levels. Which period’s effort level is affected more? Should the worker
work relatively hard in the first period and ease up later when effort is more costly, or should
she cut back sharply in the first period to minimize the magnitude of the spillover? To gain

some insight into these questions, we recall the special case ¢ (e1,e2) = (1 + k(e1)) ¢1 (e2) +

9In fact, with the contract (f*,s*) both ay and a3 are myopically optimal (this indifference is inconse-
quential and could be broken with a slight adjustment.)
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g (e1) and suppose that £ = R, g is differentiable, and ¢; (e1) = be! and k (e;) = aef. Thus,
c1(e1) = bey, ca(er, e2) = (1 + aeq) bey + g (e1)

Our maintained assumptions imply that y > 1 and z,a,b,¢' (z) > 0, with a = 0 =
g>0and ¢ =0 = a>0.

Proposition 7. 1. If a =0, efficient effort levels are increasing.
2. If z >y, efficient effort levels are increasing.
3. If z <y and ¢’ =0, efficient effort levels are decreasing.
4. If z=y and ¢ =0, efficient effort levels are constant.

When a = 0, the spillover does not affect the marginal cost of second-period effort. As a
result, the second-period efficient level is the same as without spillovers. On the other hand,
the first-period efficient level is reduced due to the negative externality reflected in ¢’ (x) > 0,
so that ej < e* = e} (see Example 1). Now, suppose a > 0. When z > y, the spillover cost
from effort is more convex than the direct cost of effort. This leads to a large reduction in
first-period effort to mitigate the second-period externality, and again e} < e5. When z < y,
the spillover cost is less convex than the direct cost. In and of itself, this lessens the impetus
for a reduction in first-period cost from the stationary optimum e*, suggesting that ej > e5.
However, this pattern could be reversed by the effect of an increasing fixed cost, hence 3)
adds the condition ¢’ = 0 for an unambiguous result (see Example 1). While the intuition
behind these results is reasonable enough, we cannot at this point claim that the findings
extend to more general cost functions.

When a > 0 and ¢’ > 0, we have e}, e; < e*. Although this might suggest that efficient
levels are decreasing in spillover costs, the effect is not so simple. For instance, suppose that
g (e1) = rey. As rincreases, ef does fall. But this fall in e} decreases second-period marginal
costs, so that e} rises. On the other hand, an increase in a can, in some instances, cause a

rise in e} and a fall in e3.
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4 Conclusions

Employee burnout is a significant issue that has long plagued firms, gaining increased atten-
tion in recent years. The prevalence of burnout is an indication that the costs of work-related
effort (such as fatigue) are incurred by workers not only while they are working, but for some
time after. We incorporate this effort cost spillover into a two-period principal-agent model
to study its impact on the optimal design of incentive contracts over time.

The single-period principal-agent model typically used to study static incentive contracts
under moral hazard cannot account for these dynamic spillover effects. Applying the standard
franchise solution in the presence of spillovers results in the employee exerting more than the
efficient effort in the first period and less in the second; the firm obtains less than first-best
profits.

Using a dynamic model, we find that a forward-looking firm employing a myopic worker
can achieve its first-best profit. It does so by offering weaker incentives in the first period
than it would without spillover costs, thus inducing the worker to optimally reduce her first
period effort.

When the firm and the worker are both forward-looking the analysis is trickier. If the firm
can commit to a multiperiod contract, it can always obtain first-best profits. Otherwise, it
may not be able to. In some cases, the firm’s best possible outcome is a ‘burnout equilibrium’,
in which the worker exerts so much effort in period 1 that she quits in the second period.
This can be the case even when retaining the worker over time would generate almost twice
as much surplus as burning them out.

These results have a number of managerial implications. In order to maximize profits
over time, firms should consider the long-term effects of effort on employees’ well-being and
willingness to work and adjust expectations and incentives accordingly. The existence of
burnout equilibria might help to explain the prevalence of employee burnout, even when
firms can seemingly benefit by increasing retention. For firms seeking to reduce burnout,
our results suggest that they might do so by committing to longer-term incentive contracts.
Similarly, a policymaker seeking to decrease burnout rates should consider interventions that
encourage or enable firms to commit to longer-term contracts. Finally, our results indicate

the value to firms of reducing effort cost spillovers among their employees. This might help
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to explain the growing popularity of benefits such as employee wellness programs and flexible
work arrangements, among others.

We conclude with a brief discussion of some of our model assumptions and limitations,
which suggest opportunities for further research. We have made the simplifying assumption
that a worker’s outside option utility in the second period is unaffected by her first-period
effort. However, if her effort cost spillover represents fatigue, then she might continue to feel
that effect if she leaves and joins another firm, thereby lowering her outside option utility.
Conversely, if the spillover reflects task saturation, then instead of affecting the worker’s
outside option, it might continue to affect the firm (or the worker’s replacement) after she
exits. It would be interesting, both theoretically and managerially, to consider how our results
would be affected if the spillover cost of effort was subject to some exogenous shock, forcing
the firm to design the second-period contract with imperfect information about the worker’s
effort cost. Finally, this research is motivated by common concerns about employee burnout,
so we have focused on positive effort cost spillover, with the worker’s period 2 effort cost
increasing in period 1 effort. It might be worth considering the effects of negative spillovers

which could exist if early effort generates some type of learning or momentum effect.
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Appendix

Proofs and detailed solutions for examples to be added.
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