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Abstract

This paper studies compensation contracts and career concerns of co-workers when individual
production depends on colleagues’ effort and ability. We examine the conditions under which a
manager who commits herself to a life-time salary path induces a worker to help or sabotage her
colleagues. She may allow for little sabotage in order to decrease the provided insurance and
motivate the workers to focus more on their own projects. If commitment is not feasible, workers
now have incentives to help or sabotage due to career concerns. Such incentives arise for permanent
and temporary workers, even though the latter will be paired to work with a different worker next
period.
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1 Introduction

In recent years, the re-engineering of R&D process in large corporations has shifted the organization
of work towards various forms of teamworking and peer collaboration. The cross-functional and multi-
disciplinary nature of research departments often entails that co-workers have different abilities that
bring in the workplace. The degree to which each researcher contributes to a project and the number
of years a researcher stays in a firm also vary. The U.S. Bureau of Labor Statistics shows that for 2016,
the median tenure of engineers was 5.5 years, and that of mathematical and computer scientists was 4.4
years. Innovative firms also differ in their employment policies: they sign either long-term or short-term
contracts with their workers, although a worker’s research outcome also depends on the abilities of
her colleagues with whom she interacts.! This paper studies how compensation contracts are shaped
by managerial commitment and duration of employment when a worker’s individual performance is
influenced by her colleagues’ effort and ability.?

We employ Holmstrom’s (1982, 1999) career concerns framework where neither the workers nor
the market know workers’ innate abilities. We show that the manager who fully commits to a life-
time income path may induce a low risk-averse worker to help her colleague, while she may motivate
a high risk-averse worker even to sabotage. We argue that the manager may allow little sabotage
in order to decrease the provided insurance and motivate the workers to focus on their own projects
and increase their own outputs. If commitment is not feasible and short-term contracts are provided
which are renegotiated in each period, we show that a worker now has incentives to sabotage her
colleague because she wants to bias the learning process about her ability in her favor and built up
her reputation. The manager now will use explicit compensation to decrease the worker’s eagerness to
sabotage. Reputational incentives to affect a colleague’s performance arise even for temporary workers
who will be paired with another worker in the next period. This happens in our model because a
worker can manipulate market perceptions about her own ability also through her current colleagues’
production.

In research labs, political parties, and modern corporations, the ability of a worker to be a good team
player is considered an asset, but under certain conditions, allowing for ‘little’ sabotage may be optimal
as a way of introducing competition among the workers. The sabotaged worker will also focus more
on her own project, and improve her performance nonetheless. An article in The Telegraph (May 15,

2017, Sabotage? Complain? Have a duel?) discusses complains against Nick Robinson, co-presenter on

!Empirical literature provides evidence that knowledge is transmitted among colleagues and skills diversity affects
labor supply and productivity (Lazear (1999)). The benefits of peer interactions depend on whether the workers have
distinct or identical knowledge and skills, indicating the degree of heterogeneity among the co-workers.

2The use of career concerns as an incentive device in the intra-firm relationships which may substitute explicit incentives
due to compensation contracts is first discussed by Fama (1980) and elaborated by Holmstrom (1982). Gibbons & Murphy
(1992) consider linear contracts and formalize this argument.
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BBC Radio 4’s Today program. Two of Robinson’s four presenting colleagues — John Humphrys, Sarah
Montague, Mishal Hussain and Justin Webb — complained that Robinson is beginning to dominate
the program, using his decade-long tenure as BBC political editor as reason to demand he is in the
chair for all high-profile news days. The article’s suggestion of Robinson colleagues is to become more
productive so as to regain control. As active sabotage, we consider, for example, the transmission of
false information that can confuse or distract a colleague from the goals of her project.®* The benefit
of designing contracts that induce sabotage is to decrease the variance of a worker’s wage, and thus
decrease the insurance that needs to be provided. The worker who experiences sabotage will also be
motivated to focus more and work harder on her own project so as to undo the negative influence from
her colleague and even increase her own production. Thus, from the managers’ perspective, sabotage
can be beneficial.

We consider a risk-neutral manager who appoints two risk-averse workers whose individual project
outputs are observable and contractible, allowing the manager to treat workers separately through
individual-based schemes (Itoh (1991), Ttoh (1992), Auriol, Friebel & Pechlivanos (2002)).° The incen-
tive packages are derived in a linear principal-agent model (Holmstréom & Milgrom (1987), Gibbons &
Murphy (1992)) and are based on explicit comparisons of co-workers’ outputs. A worker’s production
function is linear in her "work" effort and her own innate ability, her colleague’s "help" effort and ability,
and a transitory shock. Thus, a worker’s ability influences her colleague’s performance. Workers con-
sider work and help provision as two separate tasks and their cost-of-effort functions are task-specific.
Workers’ abilities and the shocks in production are independent and normally distributed. We also
consider different degrees of incoming and outgoing skills benefit and peer interactions to and from a
worker, which indicate how sensitive a worker’s output is to her colleague’s ability and help effort. All
these parameters are exogenous.

First, we assume that multiperiod contracts are feasible, implying that the manager can commit
herself to a life-time income path before the realization of production. The optimal contractual parame-

ter based on a worker’s own project output is always positive, indicating that a higher performance is

3Sabotage has been documented in several work environments. For example, political sabotage from party-mates,
not necessarily from opponents, has shaped political campaigns and elections. Sabotage also happens in research labs.
On April 26, 2011, the Office of Research Integrity issued a finding of research misconduct for Vipul Bhrigu, a former
postdoctoral fellow at the University of Michigan. Bhrigu was caught on videotape sabotaging the experiments of Heather
Ames, a graduate student in his lab. Heather was doing basic cancer research and began noticing problems with her
research materials: errant antibodies dumped into her western blots, and several instances of ethanol in her cell culture
media. Bhrigu was caught to intentionally undermine her work.

4With technological advances, sabotage is becoming easier to prove in some respects. Most computers store what is
called "metadata", which includes information about computer-generated documents such as the date and time it was
drafted or modified. In modern lawsuits, it is possible to discover metadata to cover up the truth.

>The existing literature uses such contracts when the market shocks that hit workers’ production are correlated. In our
setting, market shocks are independent. However, individual outputs are correlated due to colleague interactions. Relative
performance evaluation schemes are the consequence of the efficient use of information conveyed by both performance
measures about a worker’s effort and ability.
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rewarded with a higher payment.5 However, the sign of the optimal pay-for-peer performance parame-
ter is not straightforward. We argue that the manager will induce low risk-averse workers to help each
other, inducing cooperation between them, but this may not be the case for a highly risk-averse worker
whose contribution in her colleague’s production is small. In our model, both performance measures are
sensitive to both worker’ unknown abilities, increasing the variance of the rewards. Due to risk-sharing,
the manager needs to provide insurance that involves a negative help effort, inducing sabotage. It aims
to decrease the variance of a worker’s wage and thus the required insurance. Because of sabotage, both
workers also have stronger incentives to focus on their own projects and improve their own production.
Thus, the manager is benefited because the cost of exerting effort decreases while the total production
increases. This is in sharp contrast to Auriol et al. (2002) who assume that a colleagues’ support depends
only on her effort (not her ability). They argue that the manager, who provides long-term contracts,
always induces the workers to help each other, regardless of their degree of tolerance against risk.

Second, we establish that under full commitment, while a manager can induce a worker to help her
colleague when tenure is short, she may induce the same worker to sabotage if tenure is long. That
is because the covariance of a worker’s wages that are provided in different periods depends on the
variance of both workers’ abilities. As employment extends to many periods, the risk associated with
both workers’ abilities increases and influences significantly the manager’s perception about workers’
effort levels. Thus, a manager who establishes cooperation between the co-workers when employment
is short, she may allow for sabotage as the duration of long-term contracts increases.

We analyze the conditions under which incentives to help or sabotage arise, attempting to better
understand team formation. If the workers have incentives to help each other, the manager has incentives
to keep the team together and commit to a multi-period contract. Help arizes when workers contribute
to peer production much with their effort and little with their ability. Thus, either a worker’s ability
should not be a key determinant of her colleague’s output or the variance of abilities should be small
enough. For example, the market has more information about senior workers, rather than juniors. The
manager will also prefer to appoint workers with work experience suitable to both projects in order the
effect of their help effort to be positive and significant. Thus, the manager can hire senior workers for
whom there is information about their skills and also have similar work experience.

Third, assuming that commitment is not feasible, the manager offers short-term contracts that give
rise to career concerns. She now renegotiates the contracts with the workers in each period and the
market draws inferences about abilities via both workers’ past project outputs. By exerting effort, a
worker can influence her own and her colleague’s performance measures in order to bias the learning

process in her favor. A worker now wants to help or sabotage her colleague in her attempt to induce

%Some principal-agent models allow both parties to hold some bargaining power (e.g., Pitchford (1998)) while other
models assume that either party can make a ‘take-it-or-leave-it’ offer (e.g., Mookherjee & Ray (2002)).
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an upward revision of the estimate of her own ability and thus increase her future remuneration. She
wants to look as productive as possible in absolute and relative terms. The manager now uses explicit
(short-term) contracts to weaken a worker’s reputational incentives to help or her desire to sabotage.

Different compensation contracts are offered to temporary workers who will stay in the firm but be
paired with another worker in the next period or be hired by a different firm. Temporary workers know
that they are unable to capitalize any change in market beliefs about her current colleague’s ability.
However, in our model, reputational incentives to help or sabotage also arise for a temporary worker
because her own reputation depends on her current colleague’s output. In Auriol et al. (2002), any
implicit incentives to influence a teammate’s production disappears in the case of temporary workers.

This paper is tied to the literature on career concerns based on Holmstrom (1982a). In his single-
agent model, career concerns motivate a worker who has bargaining power vis-a-vis the market to work
harder in the current period in order to build up her reputation, seeking for higher future rewards.
In a two-agent model, Meyer & Vickers (1997) show that a worker wants to increase her reputational
bonus but a ratchet effect arises. This happens because in her attempt to convince the market that she
is of higher ability, the worker increases the expectations with respect to her production, making the
manager to become more demanding. Thus, assuming that workers’ abilities are positively correlated,
each worker free-rides on the effort of the other to enhance reputation. Auriol et al. (2002) use relative
performance evaluations, and consider work and help as two separate tasks, while a worker’s output
depends only on her own ability. The process of inference of each worker’s ability is independent. They
examine ‘passive’ sabotage because agents become reluctant to help their colleagues. Lazear (1989)
considers sabotage incentives in tournaments.” In our setting, the workers’ innate characteristics are
independent but they enter in both workers’ production functions. We show that incentives to help or
sabotage arise through career concerns and explicit contracts to both long-term and temporary workers.
Nevertheless, the channels through which explicit incentives are determined in these two contractual
environments are different.

We also contribute to the existing literature on moral hazard in teams.® In a multi-agent environ-
ment where individual outputs are observable and correlated, a worker’s compensation contract is made

contingent on her colleague’s production. Holmstrém (19826) and Mookherjee (1984) show that rela-

"Bernhardt (1995) studies how the unobservability and composition of a worker’s skills affect wage and promotion
paths. Bar-Tsaac & Deb (2014) depart from the assumption of homogeneous ‘audiences’ who will assess workers’ abilities
and examine career concerns when the audiences have diverse preferences. Ferrer (2010) studies the effects of lawyers’
career concerns on litigation when the outcome of a trial depends on the opposing lawyers’ effort and abilities. Cisternas
(2017) considers that a worker’s skills follow a Gaussian process with an endogenous component reflecting human-capital
accumulation and discusses the worker’s decisions to exert effort or invest in skill acquisition. Bilanakos (2013) argues
that the provision of general training increases the worker’s bargaining power vis-a-vis the employer.

8This paper is related to the literature on team incentives that examines the degree of visibility of workers’ character-
istics; i.e. Ortega (2003), Jeon (1996), Bar-Isaac (2007), Arya & Mittendorf (2011), Dewatripont, Jewitt & Tirole (1999),
Dewatripont, Jewitt & Tirole (2000), Effinger & Polborn (2001), Milgrom & Oster (1987), Mukherjee (2008).
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tive performance evaluation (RPE) schemes can filter out the common shock from a worker’s reward,
assuming that there are no technological interactions among workers. Since the workers are exposed
to lower risk, the trade-off between insurance and incentives is shifted, facilitating stronger explicit
incentive schemes. Itoh (1991, 1992) shows that a manager who uses RPE can install cooperation
among workers only if the correlation between the workers’ performances is low. We assume that the
abilities and production shocks are uncorrelated but individual productions depend on both workers’
innate abilities which are unknown, as in Chalioti (2016). We investigate how effectively a manager can
induce cooperation or competition between workers through RPE when principal’s commitment power
changes.

This paper also complements the literature on the substitutive relationship between explicit and
implicit incentives based on Gibbons & Murphy (1992), due to the additive production technology.
Dewatripont et al. (1999) show that explicit and implicit (reputational) incentives may become comple-
ments, assuming that ability and effort enter the production function in a multiplicative fashion. Meyer,
Olsen & Torsvik (1996) state that the ratchet effect can be weakened by inducing teamwork. In our
setting where RPE schemes are provided and a worker’s ability influences both workers’ performance
measures, a worker’s implicit incentives to help or sabotage depend on both contractual parameters of
her future explicit compensation.

The paper is organized as follows. Section 2 describes the model and discusses the production
technologies. Section 3 analyzes the contracts when the manager can fully commit herself to a life-time
income path. It analyzes the optimal explicit incentives in two-period and multi-period settings. Section
4 studies short-term contracts when workers stay together as long as employment lasts. It discusses the
process of inference of workers’ abilities and the trade-off between explicit and implicit incentives for
these long-term workers. We also focus on the explicit and implicit motivation for temporary workers.

Section 5 concludes.

2 The model

There are two risk averse workers, denoted by ¢ and j, where ¢ # j. They live for two periods
indexed by ¢t = {1,2} and they do not discount the future. They are also appointed by a risk neutral
and profit seeking manager who compensates them with explicit contracts. At each period t, each
individual works to fulfill her own project, while interacting with her colleague. Both project outputs
are observable and contractible, allowing the manager to deal with each worker separately as in Itoh

(1991, 1992).
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2.1 Production technology

In period ¢, each worker ¢ controls a stochastic production process. Her project output, z¢, is the
sum of her own innate ability, #°, her nonnegative work effort, e, her colleague’s support and a transitory
shock, ei. Worker j’s support depends on her own ability, #/, weighted by a parameter h; € [0, 1], and

her help effort, a{, weighted by k; € [0,1]. Thus, worker i’s production function is

2=0" 4+l + hi# + kjal. (1)

Before production takes place, all parties have symmetric but imperfect information about workers’
abilities as in Holmstrom (1982). However, the workers and all prospective employers believe that 6
is drawn from a normal distribution with zero mean and variance o7, where o7 < ¢3. Thus, there is
less uncertainty about worker ¢’s attribute. The abilities are also independent of each other and of
the noise terms. Worker i’s attribute §° can manifest the worker’s ability to successfully accomplish a
project which is symmetrically unknown to all parties at each stage.! The random terms &, e{ follow
a normal distribution with zero mean and variance @7 and ¢?, respectively, where ¢} < ¢3. They are
also independently distributed across workers and periods.

In this model, a worker’s ability and "help" effort enter her colleague’s production process additively.
Note that although a worker always exerts (positive) work effort to improve her own project outcome,
her career concerns and the principal-agent problems may induce her, in equilibrium, either to help or
even sabotage her colleague. Thus, workers’ help efforts ai and a{ can be negative. The parameter
h; measures the degree of incoming skills benefit to worker i that is generated by working together
with a worker of ability #7. It indicates how sensitive worker i’s output is to her colleague’s attribute.
Similarly, h; denotes the degree of outgoing skills benefit from worker ¢ to worker j. These parameters
are exogenous and less than one, so are k; and k;. The parameter k; captures the degree of incoming
peer interactions which is the fraction of worker j’s help effort that enters worker ¢’s project output,
while k; represents the degree of outgoing peer interactions.

The nature of interactions is imperfect, implying that putting effort into a worker’s own task is more
productive than providing help to a fellow worker. The level of all parameters affects each worker’s
ability to affect her colleague’s production as well as to manipulate market perceptions about abilities.
Note that when k; = 0 and h; > 0, a worker 7 does not actively influence her colleague’s production
but involuntarily she benefits it through her ability. By having the chance to observe the certain ways

a colleague runs experiments in a lab, hearing the comments she makes in a seminar on someone else’s

9We normalize the price of each worker’s output to one and in all periods, we assume that the scale of production
remains the same.

199ome papers study the optimal explicit incentives when the worker is better informed about her own characteristics
than the market (Laffont & Tirole (1988)).
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work or the ideas she shares in a meeting about a business project, a worker is benefited nonetheless.

2.2 Workers’ preferences and objectives

Worker i receives the reward w; and has constant absolute risk-averse (CARA) preferences. She is

endowed with the utility function

2
o= e n 3 k- o) - 1} ®
t=1
where 7; is the Arrow-Pratt measure of risk aversion, 0 < r; < r;. Due to the additive separability of the
utility function, workers do not consider income smoothing across periods. They make their decisions
as if they enjoy access to perfect capital markets in each period.

The contracts depend linearly on both workers’ project outputs since the performance measures are
correlated due to peer interactions. Holmstrom & Milgrom (1987) establish that in a model much like
the single-period version of this model (but lacking the uncertainty about a worker’s ability), the optimal
contract is linear.!! Gibbons & Murphy (1992), in a single-agent model, and Auriol et al. (2002), in
their multi-agent framework, also consider contracts that are linear in outputs. At each period ¢, the

manager offers contracts of the form C} = (w}, 5}, 7;) and worker i receives
i, i i i iJ
wy = wy + Bz + Vi (3)

where w! denotes the fixed salary component and 3!, +¢ are the incentive parameters. Such incentive
schemes introduce either cooperation or competition between the workers, depending on the sign of ..

Risk-aversion on the part of the workers is essential when explicit contracts are provided so that
the incentive parameters are less than one. Otherwise, the optimal contract will impose substantial
human capital risk on the workers. Besides, because of workers’ risk aversion, optimal contracts do not
completely eliminate career concerns. As explicit payments decrease due to risk-sharing, reputational
incentives increase.

We assume that workers’ disutilities are task specific, as in the multi-agent models of Auriol et al.
(2002), and Itoh (1992). The cost functions of work effort and help effort, g (e!) and y (a!) respectively,
are twice continuously differentiable and convex, implying that there are diminishing returns to scale
in the production process. A worker can also find less costly to exert effort to influence her colleague’s
production than putting effort to accomplish her own project. The cost of transmitting false information

in order to confuse or distract a colleague can be very small. With task-specific cost functions, a

HHolmstrom & Milgrom (1987) show that in a static version of their dynamic model, the optimal compensation scheme
that is offered to a worker with CARA preferences is a linear function of the performance measures.
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worker can focus on eliciting effort to affect her colleague’s project output without having to consider
simultaneously technologically founded externalities. Putting effort in a task does not require effort
away from the other task. We also assume that ¢'(0) = 0, %' (0) = 0, lim,_. ¢'(¢}) = oo and
hma%—»:too y, ((li) = j:oo,m

Under full information, the manager observes the workers’ effort levels and thus can make contract

offers that achieve specific effort assignments. In particular, worker i’s payment is fixed and equal to

the sum of the cost of both efforts, g (¢!) + y (a?). The first-best levels of work and help efforts, ei”
and a"P, satisfy the conditions ¢’ (ei’FB> =1 and ¢/ (ai’FB) = k;, respectively. The workers receive

the same contract in each period which is the repetition of the optimal contract in a one-shot game.

3 Long-term contracts

In section 3, we assume that long-term contracts are feasible. In a two-period model, the manager
can commit herself to a second-period salary before the observation of the first-period outputs. Thus,
the manager can insulate a worker’s expected life-time compensation from the risk associated with true
abilities - actual #° and #/. A worker’s problem is identical across time and career concerns do not arise.

Notice that a long-term contract is not identical with two one-period contracts.

3.1 Two-period model

The manager’s net profit equals the sum of the project outputs net of workers’ compensations. In

a two-period model, the manager’s problem is

max  E{U7} = E{i ,21 < _wi)}

i ol i (9 T o)
Cet,a1,05 ey ,a3 t=1 i

subject to CE' = Y7 | [E{wi} — g(e}) —y(a}) — ZVar {wi +wi}] >0, Vi (IR

ef = argmax,; CE', Vit (1ci))
ay = argmax,; CF', Vit (1ci,)
, . 2 N 2 N 2 N2 N2
where Var {w] +wi} = [Z (Bi+hivy)| of + Z (hiBi + 1) U? + Z [([ﬁ) v + (1) 90?] :
t=1 t=1 =1

12Models based on Holmstrom & Milgrom (1991) assume total-effort-cost functions. The cross-partial derivatives with
respect to two tasks are positive. As a worker increases the effort directed to one task, the marginal cost of effort to the
other task will also increase. Thus, exerting help effort would be costly to a worker and it crowds out effort directed to
her own project, decreasing her own production. In equilibrium, each worker equates the marginal return to effort in both
tasks.
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The individual rationality (IR') constraint shows that the worker will participate in the production
process only if the certainty equivalence of her utility, CE?, exceeds her outside option.'? Since the
manager specifies the long-term incentive schemes before the realization of the first period outputs, the
outside option is equal to her expected innate ability, which is normalized to zero.

In this framework where workers’ utility is additively separable across time, and current production
is independent of the workers’ past outcomes, the manager cannot exploit any gains from intertemporal
risk sharing. Instead, the second-period rewards depend only on the second-period outcomes, ignoring
the first-period production. Thus, the same payment schemes are provided in both periods. The IR
constraint is binding at the optimum. Notice that only the sum of the base payments in both periods,
wi st wg s+ is determined by the optimal contract; the subscript f denotes the equilibrium values in
the full commitment case. Because of this feature, the manager can guarantee that the workers will not
exercise their right to quit before the end of this relationship. By setting a very low first-period base
payment and a very large second-period base payment, the manager can costlessly make unprofitable
the option of quitting for both workers.

The incentive compatibility constraints, [ Cé’t and IC! +» guarantee that a worker chooses the (ex-

pected) utility maximizing efforts. The optimal work and help efforts satisfy, respectively,'*

8= (¢l) and ki = o/ (al) , Vi ()

The long-term explicit incentives are!®

g Ild i Pt AL , 5
ﬁf 1+ (Z” + Pi EIJ) in r fﬁf ( )

where &% = :2 (<11+;2;J}Z,>,)j:12]f]y§/,, 5% =2 +2 (0% + h20?) and Y = hjo? + h;o?. The second deriva-
tives g“’ and y”’ are always positive because of the convexity of the cost-of-effort functions. Proposition
1 states the conditions under which the manager will find it optimal to induce a worker to help or
sabotage her colleague. This is in sharp contrast to Auriol et al. (2002) where the long-term explicit
incentives based on both workers’ performance measures are always positive, inducing a worker always

to help her colleague.

131n this multi-agent framework, the monotone likelihood ratio property (MLRP) and the convexity of the distribution
function condition (CDFC) are not sufficient for the first-order approach to be valid as in a single-agent setting. Itoh
(1991) argues that, in a model with cross-agent interactions, a generalized CDFC for the joint probability distribution of
the outputs is needed and the wage schemes must be nondecreasing. The coefficient of absolute risk aversion must also
not decline too fast. Our model with workers” CARA preferences, linear contracts and production technologies satisfies
all these assumptions and thus the first-order approach applies.

14The manager’s problem is solved in appendix A.1.

15In case of perfect peer interactions and identical skills benefit, h; = hj = ki = kj = 1, where there are no frictions
in interacting with a coworker, both incentive parameters in (5) are identical. Wages are contingent on the total output
and only the observation of the aggregate measure z{ + 2] is needed.
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Proposition 1 (Long-term explicit incentives) Given that the manager fully commits to a worker’s

life-time income path,

(a) the equilibrium pay-for-own-performance parameter is always positive, BZ]} > 0,
while (b) the (pay—for—p)eer—performance parameter is negative, 7’} < 0, inducing a worker to sabotage,
2.2 1+Ti§)’;g}”

. Lk 2
if and only if o — hjz—§ < h;.

Proof. In Appendix (4.1). =

The positive sign of B;} indicates that a worker’s higher own project output is compensated with a
higher wage. Due to risk-sharing, 6} falls short from its efficient level, so does 7}. However, the sign of
’y;} is less straightforward. The degree of peer interactions and the contribution of workers’ abilities in
performance measures play a key role in specifying the optimal long term explicit incentives.

The manager sets yjc positive if worker j’s performance, z,f , is more sensitive to worker i’s help effort
rather than on her ability (h; lower than k;). A risk-averse worker will require insurance against low
realization of both workers’ (unknown) abilities which affect both performance measures. On the one
hand, a positive ’y} increases the variance of worker i’s wage, Var {w! + w}}, and thus the risk to which
she is exposed. However, on the other hand, it increases the performance of her colleague, so does her
wages, wi and w}. The optimal 7’}} will be positive, incentivizing a worker to help, when the increase in
the cost of exerting help effort is smaller than the increase in a colleague’s output. Thus, the manager
anticipates the support a worker provides to her colleague and rewards her when her colleague does
better. Relative performance evaluation schemes can effectively be used as means of internalizing the

positive effects of providing support.

Tt
By
k;. As a worker’s help effort weights more in her colleague’s performance than the risk added because of

The "compensation ratio" becomes larger in compensation packages with a higher h; and a lower

her unknown ability, she is motivated to pay more attention to her colleague’s project and improve her
output. The manager is benefited by shifting worker ¢’s focus on improving her colleague’s production.
Besides, as the degree of the incoming skills benefit from worker j to worker 7, measured by h;, increases,
ﬁ} will decrease. Worker i’s output as a performance measure becomes noisier, implying that it conveys
less information about worker i’s work effort. In turn, the manager relies less on 2} to anticipate €.
Given also that the variance of her compensation increases due to higher risk which is introduced by a
factor incorporated in z{, a lower ﬁj« will mitigate this effect. Thus, the manager considers to balance
between the optimal incentives and the focus of the agent. Any change in k; leaves worker ¢’s incentives
unaffected since the channel through which her efforts influence the total production and the risk to
which she is exposed only depend on h;, h; and k;. The optimal ’yjc, when positive, also increases with

the uncertainty about worker i’s ability and the variance of worker 4’s transitory shock, o? and (?, while
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decreases with 0’? and gp?.

Figure 1. Optimal long-term incentives
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Figures 1.a and 1.b show how the optimal long-term incentives change with h; and k;, respectively, when o; j

QO? = 90? =2, r; =95, and gjc" = yjc/, = 1. We assume k; = 0.9 in Figure 1.a, while h; = 0.1 in Figure 1.b.

For a high risk averse worker ¢ whose help effort weights less than her ability in her colleague’s
performance (high h; and low k;), the manager sets 73} negative. Negative explicit incentives provided
by long-term contracts are in contrast to Auriol et al. (2002), in which the pay-for-peer-performance
parameters are always positive. In our framework, such incentives can be reversed. The sensitivity of
both performance measures on both colleagues’ abilities, which are unknown, increases the variance of
the rewards, and by setting ’y;} negative, the manager aims exactly in decreasing the variance of worker
1’s wage. Notice that because of a negative ’ylj}, worker 7 is induced to sabotage, while she is rewarded for
the effort she put in sabotaging her colleague; i.e., worker i’s wage depends on k;yial which is positive.

Given that the manager’s benefit equals the sum of both projects’ outputs, 2! + zt] at each period t,
one could consider that the manager would prefer to shut down any incentives of worker ¢ to affect her
colleague’s output by setting fy’f zero. In this case, 63} is smaller, so is the total production z{ + z,{ It s
optimal for a profit-seeking manager to set a negative 7; and increase ﬂz} so as to motivate worker ¢ to
focus on her own project. Because k; is small, the effect of sabotage will also be small. Thus, we argue
that the manager may allow for little sabotage in order to decrease the provided insurance, implying
lower cost of exerting effort, and encourage a worker to focus on her own projects, increasing her own
output. Even if the degree of peer interactions are equal, the intensity of optimal incentives and thus
workers’ focus of attention will depend on the amount of noise about each worker’s abilities which is

reflected by the variance of 6s.

Proposition 2 (Precision about abilities & optimal incentives) Suppose k; = k; = h; = h;,

r; = rj, and that the manager has a better precision about worker i’s ability, o7 < 0'?. Then, the

manager will offer an incentive scheme to worker © which is more individually oriented than the one

given to worker j: 5} > ﬁ; and }’yﬂ < ‘fyﬂ
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Proposition 2 highlights that the manager will exert a higher work effort and a lower help effort by
the worker with the lower variance of her ability. Since the manager has more information about ',

worker ¢ is induced to focus more on the own project than influencing her colleague’s production.

3.2 Multiperiod model

We now examine the effects of full commitment to a life-time salary path when employment extends
to many periods. Suppose that the workers are appointed for 7 periods, where 7 > 2. In this framework,

the variance of the life-time payments is

2

0?4—

T

> B+

t=1

Var {Zwt} - [Z (Bi + hi) 2 0% + ; [(592 o + (1) 90?] :

t=1

In equilibrium, the contractual parameters become

g, = !
" Ty (5, 9, 50) g7

and %f (I)i—,fﬁi-,fa

k2 <1+rl2iifgi"f) T 5t Jy_rf 2 2 9 L. . .
k2<1 PSP eSS and X7, = o7 +7 (07 + hjaj). Proposition 3 highlights that for a

short employment period, a Worker can be induced to help her colleague, while for a long employment

where (IDT J=

period, such incentives can be negative. Thus, sabotage incentives are more likely to prevail for highly

risk-averse agents whose tenure is long.

Proposition 3 (Incentives & multiperiod employment) Given that the manager fully commits to
a life-time income path, equilibrium pay-for-peer-performance parameter is negative, fyij < 0, if and

only if worker i’s employment period is long enough,

k2 (1+ ngpzzyi”f)

<T.
r. Zl]yZ// k2 (U 4 h2 2) ng//f

Note that under the assumption of independently distributed random terms, the covariance of wages
offered in different periods depends solely on o7 and 02 (not ¢? and ¢?); ie., for any ¢, cov (w}, wi,,) =
2 [(8) + hiny) (Biga + hivig) 0F + (738, +77) (hiBiy + Yiga) 03] Thus, for a longer employment pe-
riod, the noise in the production processes introduced by a colleague’s ability matters more in shaping
workers’ contracts. It affects a worker’s production in many periods, increasing the risk to which the
worker is exposed. More precisely, higher risk in longer-term contracts is compensated with weaker

. . . opB: .
pay-for-own-performance incentives; i.e., =t < 0 for all 7. Besides, although for a short employ-

ment period, the manager can incentivize a worker to help her colleague (positive 737 f), for a longer

employment period, the manager will induce the same worker to sabotage (negative 73’ f), seeking to
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decrease the variance of her wage and make her focus more on her own project. Thus, contracts with
different duration can provide opposing incentives to the same worker on how to influence a colleague’s
production.

This analysis indicates that the manager would prefer to hire low-risk averse workers with work
experience suitable to both projects, so that their efforts have a significant impact in both project
outputs (high ks). The variance of their #s should also be small enough. Having formed a pair whose
members have incentives to help each other, the manager will prefer to sign long-term contracts with

them for many years of employment - i.e., manager’s net payoffs increase with 7.'6

4 Short-term contracts

We now examine the explicit incentives in a 2-period setting where the manager cannot commit
herself to a life-time compensation scheme. Instead, she renegotiates a contract offer in each period.

Career concerns arise and substitute explicit motivation.

4.1 Timing of the game and reputational bonus

The timing of the game has as follows. In the beginning of period 1, the manager simultaneously
makes a contract offer to each worker. If a worker accepts the offer, she makes the effort choices. Events
beyond the workers’ control occur, both project outputs are realized and the contracts are executed. In
period 2, all parties observe the realization of 2} and z{, and update their assessments about abilities.
Thus, past production affects future remuneration and incentives. A new contract offer is made to each
worker and if she stays in the firm, she chooses the new effort levels. After the observation of the current
production, the rewards are paid.

If a worker rejects the contract offer, she receives her outside option that equals her reputational
bonus

O, =(1+h)E{0| 7 _4, zf_l} + el + k.

This is a fixed payment which equals the total rents each worker can claim for her contribution to
both workers’ project outputs. Given the available information, her payment increases with an upward

revision of the market’s estimate of her own ability.

4.2 Learning process and career concerns

All parties observe past production in order to infer the level of workers’ abilities. When output

shocks are uncorrelated and a worker’s ability does not affect her colleague’s performance as in Auriol

Y6 For example, Hahn (2017) recently studied committee design in a different setup.
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et al. (2002), the process of inference of each worker’s ability is independent. However, in this model,
as in Chalioti (2016), both performance measures, 2! and 2, convey information about #" and thus are
used in the updating process about its actual level. The conditional distribution of #* is normal with

mean
E{0"| 2,2} = pi (5 — @ — kjat) + oY (o] =& — kiay)
and variance,
012,2 = ‘712 (1 - Plii - hz‘pij) )
where €} and @} are the conjectures of worker 4’s current efforts.!” In comparison to the full commitment
case, the variance of each worker’s second-period production is smaller because all parties observe past

performance and thus have more precise predictions about workers’ abilities. The conditional correlation

coefficients are, respectively,

.o , > y 2
i = eorr 0541 =) = [+ (i) o],
- o 2
pf = corr {0,z |2} = i—zl [hz@? — (1= hihy) hjajz] ’

where \; = 022 + (1 — hih))* 0202 + 2 (02 + h20?) + ¢2 (02 + h20?).

The signal pi’ is always positive, pi’ > 0, implying that given the realization of a colleague’s pro-
duction, a worker’s high own performance signals high own ability and vice versa. The signal pij is
also positive as long as worker i’s ability affects significantly her colleague’s performance, while her own
performance is not very sensitive to her colleague’s ability (high h; and low h;). In this case, given zi, a
higher colleague’s output z{ is attributed to worker i’s ability. It is a good signal for her, resulting in an
upward revision of the market estimate of #'. Effort is a substitute for ability, implying that a worker
can manipulate market perceptions about abilities by distorting effort levels. Hence, in the absence of
explicit motivation where a worker’s reward exactly equals her reputational bonus, when pij is positive,
worker ¢ will have incentives to help her colleague in order to build up her reputation. Worker ¢’s help
will increase z{, shaping market assessments about her own ability in her favor and thus increasing
worker’s future remuneration.

The opposite occurs in a setting with a small outgoing skills benefit, h;, but high h;. Both signals are
now sensitive to §’, while the impact of worker i’s ability, 6, on worker j’s production is less significant.
In this case, it is more likely that both performance measures reflect the level of coworker ability 6. If

both workers perform well, the market attributes these good outcomes to high ¢, causing the estimate

17 Assuming also that all parties have rational expectations, we have €} = ei* and @} = ai*. The equilibrium conjectures
must be correct. The presence of noise insures that there are no off-equilibrium realizations of observables, and in
equilibrium, each agent is restricted to exert the levels of effort that are expected of her. Underprovision of effort will
influence the updating process against her.



E. Chalioti: Incentives to help or sabotage co-workers. 15

of ° to be revised downwards. A higher output from worker j is now a bad signal of worker i’s ability.
By helping a colleague to further increase her project output, worker i will induce market inferences
to be revised against her. Instead, bad performance by her colleague will be a good signal of her own
ability. A decrease in z{ will increase worker 7’s reputation so that even when explicit contracts are not
provided, she will now have incentives to sabotage her colleague because of career concerns. She want

to sabotage in her attempts to manipulate the learning process in her favor.

4.3 Permanent workers

The manager’s problem is the same as in the full commitment case, but with a different individual

rationality (I R!) constraint in each period t,

2

2
CE;, = Z E{w, | z_y,2_} —g(e}) —y(a)) — EVC”" {Zwt | 21, Zi—1}
t=1

t=1

> 0.

In period 2, each worker ¢ can now take a report of both her own and her colleague’s first-period outputs
to her manager and other prospective employers in order to let them compare the performances. Given
both reports, the manager offers to each worker 7 her reputational bonus ©4 = (1 + h;) E { 0" | 2, 2 } +
€ + k;ab. The IR} constraint is binding at the optimum, implying that the manager is equally well-off
by hiring either a high reputation worker at a high wage or a low reputation worker at a low wage. Each
worker knows that competing employers cannot make a better offer than ©%.!% This bargaining outcome
can arise as the equilibrium of an extensive-form game. In this game, a worker is randomly assigned
to a prospective employer and queues with the other job applicants. The employer makes a contract
offer to the first worker in line. If the worker accepts the offer, she works for this employer. Otherwise,
she queues for another job and the employer makes an offer to the next worker in line. Therefore, each
worker receives only her own reputational bonus. The manager signs the most appealing contracts.

The second period in the short-term contracting framework is isomorphic to the incentives raised in
the first period in the full-commitment case, analyzed in section 3. In particular, the optimal work and
help efforts, eX* and a3, satisfy equations (4). We also compute the base payment by solving the IR},
constraint when binding:

i

2Var {wi | 21, 2]}

wh =04 — E{Byzh + 174 | 44, 21} + 9 (e5) +y (af) +

18Gibbons & Murphy (1992), Holmstrom (1999), among others, assume in single-agent models that the workers have
all the bargaining power, and thus the manager maximizes her payoffs subject to a zero-profit condition. In a multi-agent
setting, following Auriol et al. (2002), we consider a bargaining process that effectively makes each worker the residual
claimant only to her reputational bonus. Nevertheless, the results would qualitatively be the same in both bargaining
environments.
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The optimal contractual parameters 35 and 4 can be obtained by (5) replacing X% with X% = ©? +

hio? Y with ¥¥ = b, h; Iso have @} = R (LS5 gy ) iy
2 —}—0]2 and with 25 = 012 + 0]2 We also have @4 = k_Q(l Sy ) ey

In period 1, workers have explicit incentives from the compensation contracts and implicit incentives

from career concerns. There is an implicit dependence of the future wage on the current project outputs.
Current efforts affect the intercept of future wage, w, but not the incentive parameters 85 and ~5
because there are no wealth effects in worker utility and the production functions are additive. Both
workers have the same marginal product of effort regardless of their true ability. The optimal explicit
incentives depend on the variance of outputs but not on their mean. As a result, worker ¢ chooses the

effort levels that satisfy the equations
B+ ME =g (eil*) and k; ( M”) = (ai*) ,

Ows 0 ij by . C e . .
where —- 3 = M% and ;3 = k; M. A permanent worker ¢’s implicit incentives that arise through work

and help efforts are, respectively,

M = (L+ i — 85 — hivy) pi — (R85 +1%) o (6)
M = (14 by = B — horl) o — (b5 +) 2. )

Notice that the terms (85 + hyv5") pi and (h;85 + %) Pl in equation (6) arise due to the effect of €2 on
E{0|2,2]} and E {6} | 24, 2]} through zi. Similarly, the terms (85" + hiv%) pi and (h;B5 + 75 pi!
in equation (7) arise due to the effect of a} on the conditional expectations of 85 and @) through zJ.
The implicit incentives captured by M# indicate that by exerting more work effort in the first period,
a worker aims to increase her reputational bonus by (1 + h;) pi’. However, this bonus is diminished by
(85 + hivy) pbf + (hi B + %) pl'. Suppose that the outgoing peer interactions from a low risk averse
worker are large (high k;) so that & > 0. If pJ' = corr {Qj 28| z{} is positive, the manager infers
that worker j has reputational incentives to help her co-worker ¢ and increase her project output. Thus,
because worker 7 is going to be assessed as being of higher ability and the explicit incentive component of
her future remuneration is going to be large, the manager offers a contract whose base payment increases
by less than the increase in the worker’s reputational bonus. Notice though that if p{i is negative, worker
J has reputational incentives to sabotage. The manager now anticipates such incentives and adjusts
the base payment upwards by (hj B 4+ 7’2*) p]f’ Thus, the manager takes into account that sabotage by
a colleague makes it harder for a worker to perform well and enjoy a high output. Besides, the base
payment is also adjusted upwards for a high risk averse worker who receives a contract with 75 < 0.
Note that h;p¥ + pl' in equation (6) is positive. Hence, because of the trade-off between effort provision

and insurance, the explicit component of the second-period contract is going to be smaller, resulting in
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a higher base payment.

Worker ¢’s reputational incentives to influence her colleague’s output are captured by MIZJ The
most interesting cases are when péj < 0. In these cases, if a worker helps her colleague to increase the
latter’s output, she will make herself worse off, because it will shape market assessments against her.
The manager will perceive that she is paired with a high productivity worker. Thus, it is in worker
1’s interest to convince the manager the opposite and to do so, she sabotage her colleague. A negative
v is going to make worker i less eager to sabotage in her attempt to build up her reputation. The
manager can now use a negative 75 as a tool to decrease the risk to which the worker is exposed as well
as reduce her appetite to sabotage because of her career concerns.

To derive the first period explicit incentives, we denote Bi = ) + M# and T} = ~i + M}J. The

equilibrium incentive parameters in the first period are

in ik ij . i* 2 i Qik
w1 i o (B2 + rityl”) [(oF + h20%) By + BY05] +7i (1 = hihy)” oFalel" By
l_ﬁ_ P Tidh T ()t ) (8)
1 iy
w00 (L rigl) BBy + (0 4+ REo?) v + i (1= hahy)” oodgl" s
71 :ﬁ_MP_Ti% i ()i ’ 9)
1 Gy

where Qf = 1+ r; (28 + @12Y) g1 and ¢ = k2 (1 — 7,57 gY") + 75y} > 0 (see appendix (A.2)).

To better understand these results, we decompose the optimal explicit incentives and examine the
underlying effects. The first term in (8) reflects a noise reduction effect that arises due to changes
in the ‘amount’ of available information about ability. In the next period, as the market learns more
about abilities and their conditional variances decrease, we have Q% > Q%. Therefore, learning reduces
risk over time and stronger explicit incentives to work can be provided, g5 > Q%l Higher k; shifts the
incentive-insurance trade-off towards the former even more.

The last terms in both equations (8) and (9) capture human capital insurance effects: risk-aversion
and uncertainty about abilities induce each worker to require insurance against low realizations of both
0" and ¢°. The manager offers contracts that insure the workers against the intertemporal risk they
face. When both 3% and i are positive and large, a worker ¢ incurs higher risk in the second period.
Thus, the manager reduces the first-period incentives 51 and ~i*. If the manager uses a negative %
as a tool to decrease the risk a worker ¢ faces in the second-period, the decrease in Bi* and ~* that is
caused by the human capital insurance effects is smaller.

The manager also adjusts the optimal explicit incentives to account for workers’ career concerns.
Equation (8) shows that the manager imposes a lower pay-for-own performance relation when the
optimal reputational incentives to work are stronger. Similarly, equation (9) shows that when M]ijj > 0,
~vi* is adjusted downwards. However, if a worker ¢ has reputational incentives to sabotage her colleague,

the optimal ~} increases. Such incentives need to be undone by a higher 7%*. The first term in equation
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(9) captures the compensation ratio effect which shows how effective relative performance evaluation
schemes are in inducing help or sabotage between the co-workers in the first period; i.e., if M4 = M]’;j =
y =75 =0, k=2l

The workers’ optimal incentives are different from those in Lazear (1989) where sabotage incentives
arise in tournaments because a worker’s compensation is conditioned negatively to her colleagues’ per-
formances. Using such schemes, workers may desire to destroy other workers’ output rather than to
work harder on their own project. In our model, even if workers have incentives to sabotage because of
career concerns, a negative 5 is used to decrease the risk to which a worker 7 is exposed and also to
weaken worker’s eagerness to sabotage. A negative v is also associated with a higher 55, motivating
the worker to focus more on her own project. This result is also different from Meyer & Vickers (1997)
in which the workers’ abilities are correlated and reputational incentives are weakened due to the ratchet
effect. In Auriol et al. (2002), reputational incentives to sabotage arise only when explicit contracts
are provided, because workers become reluctant to help their colleagues. There is an implicit ratchet

effect.!?

4.4 Temporary workers

We have assumed so far that workers differ with respect to their innate abilities and they are assigned
to work together as long as employment lasts. Tenure is long and a worker ¢ sees her employment in a
firm with a specific co-worker j as a life-time career. Instead, we now want to examine how reputational
incentives and explicit contracting are shaped when employment or partnerships are temporary. In the
end of each period, a worker can either enter the external labor market seeking for a new employer when
her tenure in a specific firm is short, or stay in the firm but pair with a different worker of different
ability. Workers do not now intent to manipulate the market assessments about her current colleague’s
ability since there are no benefits of convincing the market that she is paired with a low productivity
worker. Market perceptions about 6/ play no role in worker i’s future remuneration. However, in our
setting, reputational incentives to help or sabotage still arise because the current colleague’s output is
used in the updating process about a worker’s own ability.
Each worker knows that, in each period, she will be paired with another worker or work for another
firm. In Auriol et al. (2002), any reputational incentives to influence the current colleague’s output

disappear. Each worker knows that she is unable to capitalize any change in market beliefs about her

Y9Fama (1980)’s conclusion that explicit contracts are unnecessary to solve the principal-agent conflicts, since the
market induces the "right" effort levels, also holds in our model. As in Holmstrom (1999), we can assume that 7' — oo
and workers discount the future with some factor ¢ € [0,1]. Abilities fluctuate over time and remain unknown to the
parties: Hi 11 = 9; +nt, where ni ~ N (07 0727) is independently distributed. In the supplementary material, we show that
if there is no discounting, 6 = 1, and r; > 0, the stationary explicit incentives are zero and efforts are efficient for any h;,
hj, k; and k;. Bar-Isaac & Horner (2014) and Bonatti & Horner (2017) discuss the relationship between career concerns
and market structure in different settings.
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current colleague’s ability while she has to bear the cost of exerting effort to bias these beliefs. The
learning process about her own ability is independent from her current colleague’s output. However, in
our model, this is not the case.

Reputational incentives to work and help or sabotage still arise when the duration of pairing is short:

My = (1 + h; — 5? - hﬁé*) oY, (10)
M7 = (14 hi — By — hiys) pf . (11)

The comparison of equations (6) and (10) reveals that a temporary worker does not bother to influence
her current colleague’s expected ability, since she will not be paired with her in the following period.
Thus, the last term in (6) which reflects the incentives of a long-term worker 7 to manipulate market
perceptions about #/ disappears. In our model, a worker who is appointed in a temporary basis still
intends to exert o in order to affect her current colleague’s output because she will induce an upward
revision of the market estimate of her own ability #°. By influencing z{, worker ¢ can bias the learning
process in her own favor, regardless the fact that indirectly the estimate of 67 is also affected. Lemma
1 will help us compare career concerns of permanent and temporary workers.

1+h;)k? i% ;
Lemma 1 If — __(Hhp)ky r;, then h; e .
/ (75 )y + (k55— Rgy ibz +77 >0

Proposition 4 compares the intensity of reputational incentives of a worker ¢ when she is paired with
her colleague at a temporary or permanent basis. What plays a key role is whether her colleague has

reputational incentives to help her (when p!’ > 0), or sabotage her (when p!’ < 0).

Proposition 4 (Career concerns of temporary workers) Suppose that worker i is low risk-averse

so that h;35 + & > 0 holds from Lemma 1.

(i) A temporary worker i has stronger reputational incentives to work than a permanent worker 1,
M — ME > 0, if and only if p}' > 0.
(ii) Reputational incentives to help or sabotage arise for a temporary worker i and are always stronger

than for a permanent worker 1, ‘Mﬂ — ‘M}]‘ > 0.

A permanent low-risk averse worker, so that h; % 4+ ~% > 0, who receives help from her colleague
has weaker reputational incentives to work compared to a temporary worker. Her permanent colleague’s
help will allow her to manipulate the learning process more effectively. However, the opposite holds when
worker #’s higher work effort, ¢, induces a downward revision of the estimate of #/, implying that worker
j will have reputational incentives to sabotage. Worker ¢ now finds it harder to perform well in her own

project. Thus, to secure a higher reputation bonus, a long-term worker ¢ who receives sabotage and is
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also going to be paired with the same worker j in the next period, she has to focus and work harder on
her own project compared to what a temporary worker does. A permanent low-risk averse worker also
has weaker reputational incentives to help and stronger incentives to sabotage her colleague compared
to a temporary worker. Influencing market perceptions about a colleague’s reputation is important for
a long-term worker. In that sense, a long-term worker seems to be less ‘altruistic’, although she will
be paired with her co-worker as long as employment lasts. A permanent high risk-averse worker seems
to be more altruistic when she tries to build up her reputation, with stronger incentives to help and
weaker incentives to sabotage compared to temporary workers.

The contractual incentives will also be different. When pairing is short, a temporary worker does
not bear any intertemporal risk associated with her current colleague’s human capital. The first-period

equilibrium incentive parameters are

i 1 ii in [ qix iy K7 413 [0 + (1 = hihy) oF
v =i~ Mr o rioi gy (85 + hivy) 7] T )] ; (12)
17 Gy
TNir = QilT — M7 —riofyiy (85 + hivy') [ — ; QLA , (13)
17 Cirflip

The terms ®,, Q' and (', are the same to those for the permanent workers replacing yi’ with yi.,

and g% with gi7..

This analysis suggests that if the workers are high risk-averse and there is high uncertainty about
their abilities - for example, they can be junior workers hired at the entry level - so that they have
incentives to sabotage, the manager will prefer to sign two-year contracts with them. The manager
aims to use explicit contracts as a tool to weaken workers’ incentives to sabotage in their attempt to
build up their reputation. Sabotage between pairs who stay together is not as intense as for temporary

workers, given also that the manager is equally happy by hiring a high reputation worker at a high wage

or a low reputation worker at a low wage.

5 Conclusion

This paper analyzes compensation contracts and reputational incentives of co-workers when a
worker’s individual performance depends on the skills of her colleague. We assume that the support
a worker receives depends on both her colleague’s effort and innate ability, as it is likely to happen in
work groups when peer interactions occur. We show that due to the incentives-insurance trade-off, the
manager who fully commits to a life-time income path may provide long-term contracts that induce a
high risk-averse agent even to sabotage her colleague. Under full commitment, career concerns do not

arise since long-term contracts are offered and signed at the beginning of workers’ employment. Thus,
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sabotage is induced solely by the explicit contracts, aiming at reducing the insurance that needs to be
provided and incentivizing the workers to focus on their own projects. We also argue that the duration
of employment is a key determinant of workers’ contracts. While for a short-term employment, the
manager can motivate a worker to help her colleague, as employment is extended to many periods, the
same worker may be induced to sabotage.

This paper also examines short-term contracts which are renegotiated in each period. Career con-
cerns now arise and shape explicit contracts. A worker now has reputational incentives to sabotage her
colleague because she wants to manipulate market assessments about her own ability. The manager can
now set a negative explicit incentive in her attempt to decrease a worker’s desire to sabotage. We show
that reputational incentives also arise for temporary workers who will be paired with another worker in
the next period. This happens because a worker can shape market assessment about her own ability by
influencing her current colleague’s production.

The present model can be used as a reference point for future works and extensions. One can
consider production functions in which a worker’s help effort is multiplied with her colleague’s ability.
The substitutive relationship between implicit and explicit incentives formulated by Gibbons & Murphy
(1992) may be challenged. Dewatripont et al. (1999) examine this relationship in a single-agent model
in which a worker’s effort is multiplied with her own ability. This paper can also be used as a reference
point to develop a model in which a worker contributes to multiple projects and her commitment to
be involved in each project varies. Given that she is paired with workers of different abilities in each
project, one can examine if she has incentives to work in projects where her colleagues are of higher or
lower productivity, or in projects of longer duration.

The size of the work group and the degree of heterogeneity between the colleagues’ skills are other
key determinants of compensation contracts in the presence of career concerns. For instance, in software
and microelectronics-based industry, the research groups are small and the duration of a research project
is short, while in pharmaceutical and biotechnology, the research groups are large, lacking the ability to
break them up into small independent modules. The duration of a research project is also long, since
it involves experimentation. One can also enrich this framework by considering different allocations of
the bargaining power or allowing for side payments between the workers. Other forms of reputation
structures, such as mimicking irrational types (Faingold & Sannikov (2011)), and signaling (Mailath &
Samuelson (2001)) which rely on asymmetric information and require the workers to signal their type

as a team player, will provide interesting insights in team formation.
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A APPENDIX

A.1 Long-term explicit incentives

In the beginning of period 1, given (4), the manager maximizes

2 2 2 2
L = Y Y E{a—wi—Ba—may+) N[Bi—d (@) + Y w ki -y ()]
=1 i=1 i=1 i=1

2 2
+ Y& [E{wi+ B +viE ) — g () —y ()] - FVar (w] +wj) - 6.

t=1 =1

t
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Omitting details, the Kuhn-Tucker condition with respect to w! gives —1 + &, = 0 & £, = 1, implying

that the IR’ constraint binds at the optimum. Then, the Kuhn-Tucker conditions become

oL | | | o | |
v By =g (e}) >00r A\ >0, [B; — g (e])] =0Vi,t

t
ot Ve~ Y (at) zvor py 2 U, iy [ Ve Y (at” = BV
oL~ Cn (B4 8) (02 4+ 20%) + (3 +25) B9+ Big?] + X < Oor B 2 0, 22 = 0.9,
9B, 9B,
oL AR i) (A2 22 i 2 i i oL ; :
i = - [(514'52)2 +(71+72) (Uj+hz‘0i)+7t%] + kipy <0 or v >0, 8_%%:07\7@775
oL i i i i OL, ; :
5 = 1-Ag" ¢ (et) <Oore >0, 8_e;€t = 0,Vi, 1
oL i i i oL :
o = ki—py" —y (a}) <0oraj >0, a_aiat = 0,Yi,t

We have \! = 1o(e) and i = ki_y,j,ga%). Given that A\l > 0 and p¢ > 0, equations (4) hold. Thus,
t M " t My

we solve the conciqittions with respect to 3 and 7!, and obtain equations (5). Note that substituting
vy = }6; into the condition with respect to 3! gives /\’J} =1 (ZF + Q}E?) 6’]} > 0. A long-term contract
provides the same explicit incentives [5”]} and 73} in each period. A positive vjc requires a positive ®%,
whose denominator (see equation (5)) is positive for all h;, hj, k; and k;. Thus, its sign depends on the
sign of the numerator. It is positive when the condition in Proposition 1 holds.

A.2 Short-term explicit incentives

To find the optimal incentives in period 1, we first need to derive the form of
Var {@] +wy} = Var {@}} + Var {w}} + 2Cov {@}, wh}, (14)

where
Var {@}} = Var {w}} + Var {w5} + 2Cov {w},wy'} . (15)

The variance of the first-period wage is given by
Var {wi} = (81 + hit) o? + (81 + 1) 0] + (81)" e + (71) " - (16)
Note that
O, — E {832 + 752 | 21, 2]} =
— B{(L4hi— By — hio) 6 — (i 08) 0 — Bl — hinhal — byl — vied | 24,21}

- G (i i ~j ij(F =y ~ i~ i~i i~j i~
= Mp (’Zl — € = kjal) + Mp (Zl — € = kial) — Byey — kivsas — kiByay — v5€3,
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where M# and M} are given by (6) and (7). Thus, the variance of w} (85, v5) is
Var {wir} = (M + hM3) 02 + (h M+ M3)" 02 + (ME)? 0% + (MF)* 2. (17)
By (16) and (17), we also have
Cov{wl,wy} = (BL+hnt) (Mp+ hiMy) o? + (hBi + 1) (b ME + Mp) o (18)

+HAMEP] + N ME .

To obtain the variance of @, let Bi = £} + M# and I'} = 4% + M. Then, by (16), (17) and (18), the

variance in (15) becomes
Var {@}} = (Bi + hT%)* 02 + (hBi +T9)" 02 + (Bi) 62 + (T)" ¢2,
and the covariance of w: and w) can be written as
Cov {@}, wy} = (B + hivh) (B} + hil'y) o7 + (h;By +75) (hyBi +T%) 03
Therefore, equation (14) takes the form
Var {@ +why = [Bi+ By + hi (T3 +75)]" 0% + [hy (B + 8) + T + 3] 02
+(BI) @2 + (M) 02+ (8) o2+ (4h) o2

Provided that the IR! constraint binds and ©? is zero, the first-period base payment is

wh = —FE{Bz + iz} + g (ef) +y (at) — BE{wi} + g (e&) +y (ab) + %Var {@) +wi}. (19)

We take the Kuhn-Tucker conditions as in appendix (A.1) and solve the equations:

[Bi+ By + hi (Ty+75)) 07 + [y (B + B3) + T4+ 75 hyod + Big? = =
[Bi + 8y + b (T3 +98) hio? + [(; (Bi + B3) + T +93)] o2 + T} = =4

1-Bi—\g" =0
ki (1-T1) —pi” = 0
The optimal £}* and ~* are given by equations (8) and (9).
A.3 Temporary workers

To derive the optimal incentives of temporary workers in period 1, we first need to derive the

variance Var {w} + wi} given by (14), while (15) and (16) hold. Suppose that worker i will be paired
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with worker  in period 2, whose ability ' is normally distributed with zero mean and variance o?. Note

that
- F {5222 + 7222 | 21, 21}

= B{(1+h— 5 —hivh) 0" — (s +7b) 0' — Byeb — kiybhah, — kifyal, — v5eh | 21, 21 }
= M (2@ — k) + M (] — 2] — kial) — ik — ko — kil — 242,
where M# and My are given by equations (10) and (11). Thus, the variance of w (85", 75 is
Var {wi} = (M + hMP) 02 + (hy M+ MP)" 02 + (M) 02 + (MF)* 2, (20)
By (16) and (20), we also have
Cov{wl,wi} = (B1+hnt) (M + hiMy) oF + (hiBL + 1) (b M+ M{) o (21)
+B1 My} + 7 M o3
Let b} = 8% + M# and gi =~} + MY. Then, by (16), (20) and (21), the variance in (15) becomes
Var {@} = (b, + higt) > 02 + (b + ¢1)* 02 + (1) 02 + (4))° &%,
and the covariance of @i and w} is
Cov {@}, wy} = (B + hivh) (B + higi) o7
Thus, equation (14) takes the form
Var {@} +wi} = [Bi+ 5y +hi (g1 + vé)] Yol + (hzﬁé +75) 0t + (B +1) 0] (22)
+(0)7 ¢+ (1) 0]+ (82)" 0 + (1) ¢

Given also that the first-period base payment is as in equation (19) and the I R; binds at the optimum,

we take the Kuhn-Tucker conditions as in appendix (A.2) and solve the equations:

o o A
[+ B2+ hi (91 +75)] 07 + (B + 1) hyog +big] = —
[0 + B + hi (91 +95) hio + (B + 1) 05 + 915 = T—M

1—by = Ng)" = 0
ki (1—g1) —myi” = 0

Equations (12) and (13) give the optimal 3% and 7%



