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Abstract

We develop a principal-agent model in which the principal
has access to hard and soft information about the agent’s level of
effort. We model the soft signal as being informative about the
agent’s level of effort but manipulable by the agent at a cost. We
show that the presence of influence activities increases the cost
of implementing the efficient level of effort for the principal. We
also show that the manipulability of the soft signal leads to wage
compression. However, when influence costs affect negatively the
agent’s productivity we establish that the design of influence-free
contracts by the principal may lead to high-powered incentives.
This result implies that high-productivity workers may face in-
centives schemes that are more responsive and give more weight
to hard evidence compared to low-productivity workers.

1 Introduction

1.1 Hard and soft information

Recent financial scandals raise the question of the manipulability of
quantitative information. A comprehensive analysis of this issue requires
a precise understanding of the relation between the concepts of hard and
quantitative information. In the finance literature, hard information is
defined as being quantitative (Berger, Miller, Petersen, Rajan and Stein,
2001; Stein, 2002; Petersen, 2004; Liberti and Mian, 2009). In addition,
hard information is easy to store, transmitted in impersonal ways and
independent of the collection process; all these features making it a priori
difficult for hard information to be manipulated. In contrast, the defini-
tion of hard and soft information operated by microeconomists does not
rely on the distinction between quantitative and qualitative information



but on the distinction between verifiable and unverifiable information.
In particular, research on supervision and delegation in principal-agent
models refer to hard information as being verifiable but potentially hide-
able (Tirole, 1986) whereas soft information is unverifiable (Baliga, 1999;
Faure-Grimaud, Laffont and Martimort, 2003). These models allow for
quantitative information to be either distorted when modeled as soft
information or simply hided when modeled as hard information. Super-
vision models are characterized by three-tier structures based on Tirole’s
model (1986) in which the principal has the possibility to hire a super-
visor to monitor the agent’s privately observed level of effort. These
models analyze whether it is optimal for the principal to hire a super-
visor in a context in which agents and supervisors can collude. In par-
ticular, Faure-Grimaud, Laffont and Martimort (2003) consider the case
in which the information held by the supervisor is unverifiable, that is
the supervisor possesses soft information about the agent. In that con-
text, the authors stress the equivalence in terms of efficiency between
decentralized structures in which the principal contracts only with the
supervisor and centralized structures in which the principal can directly
contract with both agents and supervisors.

Our approach differs from supervision models as we do not consider
a three-tier structure but a standard bilateral relationship between a
principal and an agent. We then leave aside issues of collusion while ex-
tending the principal-agent model by allowing the agent, at the cost of
undertaking influence activities, to manipulate certain pieces of informa-
tion. In contrast, the literature in supervision considers the possibility to
hide and distort one’s own information whereas the current paper allows
agents to manipulate others’ information sets. In the rest of the paper
we will refer to manipulable pieces of information as soft information in
line with previous research in both finance and microeconomics.!

Our approach is also related to the literature in subjective evalua-
tions as it uses a principal-agent model with unverifiable information
(Baker, Gibbons and Murphy, 1994; MacLeod, 2003). In our model, the
principal can propose contingent contracts that depend on a hard signal
(determined by the level of production that is assumed to be verifiable)
as well as on a soft (i.e. unverifiable) signal, which provides additional
information about the agent’s level of effort. In line with Baker, Gibbons
and Murphy (1994), our paper analyzes incentives setting in a principal-
agent model with both hard and soft information. In contrast with the
previous authors the link between soft and hard signals follows in our
paper from the existence of influence activities that improve the princi-
pal’s perception of the agent-related soft information while undermining

"We do not need to interpret soft information as being uniquely qualitative.



the agent’s level of performance at the same time (see Section 5). More
importantly, our model departs from this literature as it allows for un-
verifiability to be endogenous. In our model, part of the information
available to the principal can be made unverifiable by the agent’s influ-
ence activities. The agent can manipulate information in order to affect
positively the principal’s evaluation of his work. As a result, influence
activities do not simply distort information but allow agents to improve
the principal’s view of their performance level. In our model, influence
activities tend to reduce aggregate welfare as they increase information
asymmetry between the agent and the principal. In that respect our
approach differs from the model developed by Maggi and Rodriguez-
Clare (1995) in which agents can distort the principal’s private pieces of
information so as to reduce information asymmetry. As a result, infor-
mation distortion may actually allow for falsification of information in
equilibrium and may increase aggregate welfare as a result. Relatedly,
Lacker and Weinberg (1989) consider a sharecropping model focusing
on optimal risk-sharing when agents have the possibility to misreport
the volume of the crop. The authors find that under some conditions,
the principal should induce some misreporting in equilibrium so as to
improve risk-sharing.

1.2 Influence and manipulability of information

Influence activities have been identified as actions completed by organi-
zational members in order to bias in their favor the decisions of man-
agers responsible for pay and promotion (Milgrom, 1988; Milgrom and
Roberts, 1988; Milgrom and Roberts, 1992).> The authors develop a
theory in which influence activities consist in gathering credentials for a
promotion to a new job. In contrast with our model, the authors con-
sider the case in which influence activities generate valuable information.
As a general principal, this approach suggests that influence costs can be
reduced by limiting the discretion of decision makers for those decisions
that have a significant impact on the distribution of rents inside the or-
ganizations but that have minor impact on the firm’s efficiency. Milgrom
(1988) also mentions the possibility to use compensation schemes as one
of the possible instruments to reduce influence. In their analysis, the
compression of wage differentials between current jobs and promotion
jobs is an effective strategy to reduce incentives to influence the man-
ager’s promotion decision. In our paper, we focus on optimal contracts
rather than on organizational design as a potentially economical instru-

2 Also, notice that influence costs have been considered as a key element of the
theory of the firm (Gibbons, 2005).



ment to reduce influence costs. In our model the influence activity is
effective in manipulating the principal’s belief because it is unverifiable.
This allows the agent to take advantage of the principal’s cognitive bi-
ases. First, unverifiability implies that incentives contracts cannot get
rid of influence by simply punishing observable attempts to manipu-
late the principal. The second element that allows influence behaviors
to effectively raise the principal’s assessment of the agent’s work is the
assumption that, under influence, the principal suffers from cognitive
biases in their perception of the agent’s soft signal. In particular, the
principal may wrongly perceive negative signals about an agent’s perfor-
mance as positive signals when the agent undertakes apparently positive
actions. Although modeled in a reduced form, our approach is related
to psychological models of persuasion under which the principal may be
manipulated.® In a recent paper, Mullainathan, Schwartzstein, Shleiffer
(2008) propose a psychological account for persuasion using the concept
of associative thinking under which individuals group situations into cat-
egories, and transfer the informational content of a given message from
situations in a category where it is useful to those where it is not. Apply-
ing this concept to our model, we can see the principal as being unable
to distinguish the following positive pieces of information “The agent is
a hard-working employee” and “The agent is a good person” that belong
to two different categories, work abilities and personality, respectively.
The difficulty for the principal is to disentangle signals that concern
the contribution of their employee to the firm and signals that relate
to personal characteristics. We model persuasion as a reduced form of
coarse thinking by considering the case in which the principal suffers
from biased information processing in the spirit of Bénabou and Tirole
(2002). The principal misperceives with a certain probability a negative
soft signal about the agent’s level of effort as being positive.

1.3 Incentives schemes under influence

In this paper we focus on the design of incentives contracts that imple-
ment the efficient level of effort.

We first show that the cost of implementing the efficient equilibrium
increases as the soft signal is more manipulable and influence activities
are more pervasive. This is the case because the principal relies on less
informative signals to incentivate the agent and will have to increase
the variance of wages to maintain incentives intact. This implies that a
larger rent will have to be paid to the risk-adverse agent to ensure that
the participation constraint holds. This result follows from Kim (1995)

3Persuasion has also been modeled using an informational approach (Milgrom and
Roberts, 1986; Dewatripont and Tirole, 1999).
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when taking into account that the efficiency of the information structure
decreases in the manipulability of the soft signal.

When considering influence costs as privately incurred by the agent
we show that wages become more compressed and less volatile as the
soft signal becomes more manipulable. Also, more weight tends to be
given to the hard signal in the payment scheme as the soft signal is more
manipulable. These results are closely related to the sufficient statis-
tic theorem (Holmstrom, 1979) under which incentives contracts should
include all pieces of information that are informative about the agent’s
level of effort. As a consequence, incentives schemes will be less re-
sponsive to the soft signal as this signal becomes more manipulable and
therefore less informative. Given that wages are less responsive to the
soft signal, the range of possible wages as well as the variance of wages
decreases. This finding is related to the result established in MacLeod
(2003) in which wage compression occurs when the agent’s measures
of performance are subjective. However, the mechanism behind wage
compression in MacLeod (2003) is distinct from our analysis. In their
model, wage compression results from the additional constraint that re-
quires the agents to truthfully reveal their signals to the principal. The
idea of wage compression is also present in Milgrom’s (1988) model of
influence activities in promotion decisions in which reducing differential
wages between available jobs is derived as an optimal response to counter
influence activities by employees.

We finally extend our analysis to the case in which influence entails
costs in terms of the firm’s productive activities as is suggested by the
initial definition in Milgrom (1988).

“That time of course is valuable; if it were not wasted in
influence activities, it could be used for directly productive
or simply consumed as leisure.”

In this context the principal will have to choose between accepting
some influence activities in equilibrium or designing influence-free con-
tracts that eliminate destructive manipulation attempts. We have to
emphasize that, in our framework, all optimal contracts cannot be repli-
cated by influence-free contracts so that an influence-proofness principle
does not apply. Intuitively, this is the case because taking both private
and productivity-based influence costs to be arbitrarily close to zero,
we know that any influence-free contract would have to pay the agent
a fixed wage. This is a necessary condition to eliminate the agent’s
incentives to boost his actual contribution. However, fixed wages con-
tract do not satisfy the incentive-compatibility constraint implying that
the agent will exert no effort in equilibrium. As a result, influence-free



contracts may not implement the efficient equilibrium in that case. In
general, principals designing influence-free contracts can rely on two pos-
sible strategies to dissuade influence activities. The first one consists in
designing incentives contracts that are less responsive to the soft signal
so as to reduce the expected benefits associated to influence activities.
This first strategy would induce even greater wage compression than
in the case of private influence costs. The cost of providing incentives
to the agent would increase for the principal under this strategy. The
second strategy that is actually followed by the principal in equilibrium
consists in increasing the expected costs associated to influence activi-
ties by increasing the incentives associated to the hard signal. In that
case, influence activities become less attractive as it reduces the proba-
bility that the agent will get the high payment associated to a high level
of performance on the hard signal. As a result, we show that principals
may be interested in designing high-powered incentives to avoid influence
activities. More specifically, we show that high-powered incentives and
influence-free contracts are more likely to be assigned to agents for which
influence is especially costly in terms of firm productivity. In short, we
expect high-productivity workers to be paid according to influence-free
contracts whereas low-productivity agents are likely to be rewarded with
contracts allowing for some level of influence activities. As a result, we
show that high-productivity agents incentives contracts tend to be more
responsive to the hard signal compared to low-productivity agents. In
this version of our model, the substitutability between hard and soft
information follows from the fact that improving the soft signal through
influence activities is detrimental to the value of the hard signal. In
Baker, Gibbons and Murphy (1994) as in our model with private influ-
ence costs the substitutability between different types of signals follows
from the fact that highly precise hard signals are sufficient to ensure the
implementation of the efficient equilibrium independently of the recep-
tion of soft signals.

The rest of this paper is organized as follows. We present our model in
the case of rational supervisors in Section 2 and solve the corresponding
model in the third section. The analysis of the model with influence is
developed in Section 4. We extend our model for the case in which the
influence activity is costly for the organization in Section 5. We conclude
in Section 6. All proofs are available in the appendix.



2 The significant model
2.1 Players, payoffs and actions

We consider a principal-agent model characterized by the following four
stages of the game:

e In Stage 1, the principal [she| sets a contract w that will be used
to pay the agent [he] in the last stage of the game. The revenues
for the risk-neutral principal R(y) are positively related to the
level of production in the organization y in Y = {0,1}. This
production depends on the level of effort (e) exerted by the agent
on the productive task where e is in {e;,ex}, and ey > e;. As
usual, the agent’s level effort is unobservable for the principal.
The principal, however, is able to observe the output (y) where
Ply=0|e=er] = Ply=1|e=egy| = p,, and the precision of
the signal p, is in [3, 1] where R(1) > R(0) > 0. Then, the level of
output can be interpreted as a hard and non-manipulable signal.
At this stage, the principal also decides whether to engage in su-
pervising the agent (s = 1) or not (s = 0) in order to obtain an
additional signal v on his actual level of effort. This signal is ob-
tained at a cost ¢, > 0. If the principal engages in supervision
she will observe the signal v in V' = {G, B} defined as follows:
Plv=B|e=e]=Plv=G|e=ey| = p,, where the precision
of the signal p, is in [%, 1}. This piece of information obtained
by the supervisor can be interpreted as a subjective evaluation of
the supervisor about the employee’s performance where B means
"The agent is a lazy (bad) employee” and G means "The agent
is a hard-working (good) employee”. As a result, the supervision
message can be interpreted as soft information (Berger, Miller, Pe-
tersen, Rajan and Stein 2001, Stein 2002, Petersen 2004). If the
agent is not being supervised then v = {&}.

e In Stage 2, the agent decides whether to exert a high level of effort
(e = ep) or a low level of effort (e = er) on the productive task.
The cost of effort on the productive task is denoted by C'(e) > 0.
We denote C' = C (ey) and without loss of generality C'(er) = 0.
The agent is assumed to be risk adverse.

e In Stage 3, the agent decides whether to undertake an influence
activity (a = 1) or not (a = 0). The private cost of effort associated
to the influence activity is denoted by ¢(a) > 0, where ¢, = ¢ (1) >
0 and ¢ (0) = 0.



As we explain in the next subsection on information and influence,
the influence activity affects the principal’s qualitative assessment
of the agent’s actual level of effort but it is not contractible.

e In Stage 4, the principal pays the agent relying upon the contract
chosen in Stage 1. The contract bases on the signals received in
Stages 2 and 3 about the agent’s levels of effort.

Figure 1: Timeline for the supervision and influence model

The payoffs for the principal are determined as follows.

Up = R(y) — w — s¢,, where s € {0, 1} denotes whether supervision
takes place (s = 1) or not (s = 0).

The payoffs for the agent are determined as follows.

Ur=V(w,e) =u(w)—C(e) —¢(a) >0 where v/ > ¢ >0, u" < 0.

We denote @ > 0 the agent’s outside option.

2.2 Information and influence

The principal does not observe the agent’s level of effort on the produc-
tive task, e € {er, ey} but she infers this effort by observing the output
(y). The principal may also decide to get an additional signal (v) about
the agent’s performance. This signal v € {G, B} can be obtained after
supervising the agent. As explained in the introduction, we leave aside
issues of collusion and consider that the principal and the supervisor
embody the same person.

We assume that the supervisor’s perception of the agent’s level of
effort can be distorted by the agent’s influence activity (a). We model
agents’ influence on supervisors’ assessments as a case of biased attribu-
tion (Bénabou and Tirole 2002) in which the principal, with some prob-
ability, will mistakenly perceive a negative signal about his employee as
being positive as a result of the latter influence action (a). This biased
attribution process may occur as a result of an interpersonal relationship
between the agent and the principal. We can also think of trust as an
important feature that biases the supervisor’s perception.’

We state this hypothesis as follows. We denote vg the principal’s
perception of the supervision signal v.

4We assume that agent’s utility is separable in effort and in the influence cost.
These are standard assumptions (MacLeod 2003).

’The psychological behavioral process is also known as transference (Mul-
lainathan, Schwartzstein and Schleiffer, 2008). See Shavell (1979) to find situations
in which the principal and the agent have an interpersonal relationship and Hosmer
(1995) to read about trust in organizations.



Assumption I (Influence)

If agent decides to undertake an influence activity (a = 1),
the principal will perceive with probability 7 in (0,1) any
signal v as if it were good.

With probability (1 — ) the principal uses standard Bayesian
updating.

In the case of rational supervision, 7 = 0 so that vg = v.

The principal’s bias creates incentives for the agent to manipulate
the soft signal through the influence activity. Our model relies then
upon the principal’s difficulty to disentangle positive actions and the
positive supervision message v = (. This approach can be extended to
other situations such as document falsification, which involves the agent
performing activities to affect the output signal.

In this paper we consider the case in which the principal and the
agent are fully aware of the principal’s bias. We state this assumption
as follows.

Assumption A (Awareness of Biases)

Under Assumption A, the principal updates his belief about

the soft signal as follows.
Plv=G|vs=G,e=eg| =
Plv=G|vs =G, e=ep]
Plv=_Glvs=B,e] =0

Py
ﬂ'(l_p'u)—"_p'u
—p

— v
(1_p'u)+7rp'u

This assumption is used in Bénabou and Tirole (2002) and is referred
to as metacognition. Under this assumption, the principal knows that
perceiving her employee positively (vg = G) may not systematically
imply that the soft signal was positive given that, with probability m,
the principal being under the agent’s influence (a = 1) perceives his
contribution positively.

Assumption O (Observability of actions and signals)

i) The influence action (a € {0,1}) is observable by the su-
pervisor but it is non-verifiable.

ii) The agent knows whether he is being supervised but the
supervisor’s perception of the agent’s work (v) is not observ-
able by the agent.



When signals are observable and contractible, the standard principal-
agent model arises (Holmstrom 1979). Our Assumption O, however,
implies that the influence activity is unverifiable by a third party. As
a result, the contract cannot rely upon the observed action a € {0, 1}
(e.g., if you invite your boss for a coffee she will observe this action and
actually know that can be influenced in her assessment of your work but
she cannot set a contract using this piece of information). We further
assume that at the time you have to decide whether to take a coffee with
your boss, you do not know her impression on your work. If this was
not the case, the agent would influence only after observing v = B and
this would automatically reveal the soft signal to the principal.

We also consider the following assumption about the efficient level of
effort. Exerting an effort is efficient in the following sense.

Assumption E (Efficiency)
ey =arg maxr {Up+Ua}

ec{er,en}
The efficient level of effort is then ¢ = ey so that an effi-
cient equilibrium is achieved whenever the wage scheme im-
plements ey.

We focus our paper on the implementation of the efficient level of
effort, that is we study the contract that elicits high effort (ey) at lowest
cost. Hereafter, we consider the following contingent contracts.

Definition 1 A contingent contract is a vector w such that the agent
is paid as a function of the hard and the soft signals (y,v) € S where
S e {(0,1) x (B,G,2)}, so that wy, = w (y,v).

We denote P4[Py] the probability of receiving each of the payments
in w = [wig, w1, W, wgB]T when the agent is supervised and exerts
a high [low] level of effort on the productive task. When no supervision

takes place, the contingent contract is reduced to wy = ['LUL@,'LUQ@]T
and the probability vector associated to respective wages is denoted by
P[Py

The principal can always choose v = & (no supervision). In that
case (status quo), the principal gets rid of the soft signal which contains
pieces of manipulable information. The soft signal, however, includes
additional information that may be useful for the principal. This feature
raises the question of whether the principal should actually supervise or
not. Our next definition sheds light on this issue.

Definition 2 We say that the supervision signal is valuable to the prin-
cipal in order to implement the efficient level of effort as long as there
ezists w' in R* such that w' Py — wiPY <0 for any wj in R%
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Hence, if the supervision signal is costless, the principal should use
this information whenever it is informative about the agent’s level of
effort. In that case, the optimal contract should not be based on wy =
(w1, wog]T but on w = [w;q, w1, wog,wOB]T (Laffont and Martimort,
2002).

3 Rational supervision

In this section we solve the principal-agent model in the absence of influ-
ence. First notice that when 7 = 0 (no influence), the agent will never
engage in an influence activity (a* = 0) in Stage 3 given that he cannot
distort the soft signal.

We denote by w** the optimal contract determined by the principal
in the model without influence that implements the efficient level of
effort ey. We show in the next proposition and in the next corollary
how wages are set by the principal.

Proposition 1 (Optimal wages under supervision) If the princi-
pal supervises the agent in the model without influence, the optimal con-
tract w** is such that:

- For p, < p,. wiy < wity < wip < wip

- For p, > py, wiiy < wihy < wh < wi

Our first proposition follows from the fact that wages are non-decreasing
in either the hard or the soft signal.® That is, wif > wif for any k in
{B,G} and wj}, > w3, for any [ in {0, 1}. Also, the relative weight given
to each signal will depend on the relative precision of the respective sig-
nal. If the soft signal is less precise than the hard signal p, < p, then
more weight is going to be assigned to the hard signal in the optimal
contingent contract designed by the principal. This is because in case of
conflicting signals (i.e. wjj and wgy,) optimal wages are set according
to the hard evidence so that wji < wig. That is, in case of conflicting
information wages are increasing in the hard signal (level of production)
whereas wages are decreasing in the soft signal. A general definition is
stated below.

Definition 3 (Respective weights of hard and soft signals)

i) We say that more weight is assigned to the hard (soft) signal in
the optimal contingent contract if wog < wip (Wog > wip).

it) We say that an increase in a parameter T rises the weight that is
assigned to the hard (soft) signal in the optimal contingent contract if
Bir (wlB — U)gg) >0 ((% (wOG — wlB) > O)

6This is the case because our signals satisfy the monotone likelihood ratio property.
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In the next corollary we analyze the sensibility of optimal wages to
the precision of the signals. We state that as the precision of a signal in-
creases wages increase (decrease) whenever this signal brings good (bad)
news about the agent’s level of effort.

Corollary 1 (Wages and precision of the signals) >From Proposi-
tion 1 we get the following relationship between the precision of the hard
and soft signals and supervision wages.

aapy ’ 88% ’aapg ’aapv
wo wo s wip Wi
0, <0, T0, <0, 0, > 0, T >0

From Proposition 1 and Corollary 1, we deduce the following rela-
tionship between wages under supervision and wages in the absence of
supervision, where the optimal wages in the absence of supervision are
denoted by wi = [w},, wy] o
Corollary 2 (Wages comparison)

- If 5 < py < py = Wip < Wy < Wity < Wip < wip < Wik

-1If p, > py = wop < Wiy < Wik < woe < Wiy < WG

- If p, = 3 = wip = Wiy = Wi and wip = Wi, = Wi

We conclude in the following corollary that supervision will be com-
pleted by the principal as long as the cost of supervision ¢, is lower than
the benefits obtained from supervision, where the latter depend on the
efficiency costs that the principal saves when obtaining more information
about the agent’s level of effort.

Corollary 3 (Supervision decision) The principal will decide to su-
pervise whenever the following condition holds.

(wi) TPY —(w*™) Py > ¢, where (w)TPN—(w*™) Py > 0 for any
Py € (%7 1]

We then observe that the supervision signal is informative about the
agent’s level of effort when p, > % Hereafter, we assume for simplicity
that p, > % We show next that as the precision of a signal increases
the principal saves costs to implement the efficient level of effort. We
also analyze how the decision to supervise the agent is affected by the

precision of the hard and the soft signals.

"Notice that we can interpret the case in which no supervision occurs as a special
case of the model with two signals where the soft signal is uninformative, that is

— 1
Pv = 3
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Corollary 4 (Efficiency cost and precision of the signals)
i) As the precision of the hard or the soft signal increases the cost of

achieving the efficient level of effort decreases.
o owLPY—wTP;
i1) 5o > 0.
ooy OWLPN _wTP
iii) %
Py

<0

This corollary implies that supervision is going to be less pervasive
when the hard signal is more precise while the reverse is true when the
soft signal is more precise. As a consequence, the precision of the signals
is key to determine the optimal schemes and the supervision decision in
the context of no influence.

4 Supervision and Influence

In this section we consider the case in which the supervisor can be in-
fluenced by the agent, that is 7 > 0.

We first determine the condition under which the agent undertakes
the costly influence activity (¢ = 1). This condition is captured in the
following lemma.®

Lemma 1 (Influence activity) If the agent is being supervised in an
efficient equilibrium (e = ey) then he will perform the influence activity
(a = 1) whenever:

(IA) p, [u(wie) — u(wip)] + (1 — p,)[u (woe) — u (wop)| > W(%“pv)

We can therefore see that the agent does not only rely upon the
magnitude of the principal’s bias m > 0 to decide whether to perform
the influence activity or not but he accounts for the precision of the
signals as well. In particular, as the quality of the hard signal (py) rises
the incentives for the agent to undertake the influence activity decrease.
This occur because as p, increases, the principal focuses relatively more
on the hard signal (y) than on the soft signal (vs), as pointed out by
our previous results. The opposite is true when the precision of the soft
signal increases (p,). Finally, the agent’s choice is being affected by the
influence cost (¢,) so that an increase in ¢, reduces the incentives for
the agent to undertake the influence activity.

One of the questions to be addressed is how does the principal set
the optimal contract and what is the effect of the principal’s bias 7 > 0
on this contingent contract.

8We assume that the agent does not undertake the influence activity in the case
of indifference. The fact that wages are non-decreasing in the soft signal is necessary
for the existence of this condition.
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Definition 4 (Wage compression and the power of incentives)
i) We say that the power of incentives increases (decreases) in the
; ; dwi;
hard signal y with respect to parameter  whenever %t > 0 (< 0) and
oi <0 (> 0) for any i € {B,G}.
ii) We say that the power of incentives increases (decreases) in the
. . ow;
soft signal v with respect to the parameter x whenever Z5¢ > 0 (< 0)
and 228 < 0 (> 0) for any i € {0,1}.

This definition can be related to strong wage compression and strong
responsiveness. We use these concepts to improve the clarity of the
exposition of our next results.

To keep our discussion on influence interesting, we assume in this
section that the optimal level of wages in the absence of influence (w**)
is not a solution to the optimization problem with influence. In this
setup, the principal has two different options. On the one hand, the
principal may propose influence contracts (w’) for which she anticipates
that agents will be willing to manipulate the soft signal. On the other
hand, the principal may deter influence by proposing influence-free con-
tracts ( wi'). In this case, the principal’s optimization problem includes
an additional constraint to avoid the influence activity.

Influence contracts

The principal can allow for influences activities by choosing the optimal
contract W! = [, Wiy, wls, wls]" that maximizes her expected pay-
offs, that is W' is the least expensive contract that satisfies the condition
(IA), meaning that: W!=arg min (w!)"P{ where P! is the probability

wlez
vector associated to the case in which the agent exerts a high level of

effort on the productive task and the principal accepts influence from
the agent, and Z is the subset of contingent wages such that:

ol () — ()] + (1 — )l () — u (wh)) > =l

We show in the following proposition that influence contracts may be
optimal for the principal as the supervision message may be informative
about the agent’s level of effort. In the proposition, we also present the
relationship between the optimal wages under influence.

Proposition 2 (Optimal wages under influence contracts) If the
Principal supervises the agent in an efficient equilibrium under influence
then wyPN—(w") P! > 0. Moreover, there exists mo(py, p,) such that
the optimal wage scheme W' satisfies the following conditions:
(a) If 3 < p, < p, then gy <y < Wip < Wig
(b) If p, € (py, ) then:
(i) iy < wly <wl, <l form < m

14



(ii) Wty < who < wlg < i, for m > m
- o AT 1 i
(¢) If p, = P, then iyp < dbyp < Wy < Wig

Again, wages are non-decreasing in either the hard or the soft signal
so that wi, > W, for any k in {B,G} and W}, > /g for any [ in
{0,1}. In addition, more weight is assigned to the hard signal when
its precision (p,) is higher than the precision of the soft signal (p,).
When the opposite is true, there exists a trade-off for the Principal since
p, < p, pushes Wiy above W), as stated in Proposition 1 but it also
increases the incentives for the agent to undertake the influence activity.

As a result, we observe that more weight is assigned to the soft signal
2

if either (i) p, < p, < p, = % and m < mp or (ii) the precision
of the soft signal is sufficiently high (i.e., p, > p,). On the contrary,
more weight tends to be given to the hard signal compared to the soft
signal if the manipulability of the soft signal is superior to m, even
though p, € (p,,p,). We can interpret in that case that the soft signal is
more precise than the output signal, but its precision is not high enough
to compensate the principal’s bias. We then conclude that influence
contracts compared to rational supervision contracts are characterized
by a greater weight assigned to the hard signal.

The following corollary relates the contingent contract under influ-
ence W/ and the magnitude of the Principal’s bias, 7 > 0. We also derive
the relationship between W’ and the precision of the signals.

Corollary 5 (Relative weights and wage compression)

i) The optimal influence contract is such that an increase in the prin-
cipal’s bias () rises the weight that is assigned to the hard signal.

i1) The optimal influence contract is such that the power of incentives
decreases (wage compression) in the soft signal (v) with respect to the
principal’s bias (7). As a result, the variance of wages decreases in the
principal’s bias.

This corollary follows directly from the definition of wage compres-
sion and the following relationship between the principal’s bias and opti-

~T ~T ~T ~T
mal wages under influence: 8;23 =0, 815;" <0, 8;;5 =0 and ag—jﬁ < 0.
An increase in the principal’s bias reduces the likelihood ratio associ-
ated to the soft signal implying that contingent on observing vs = G it

is less likely that the agent has exerted a high level of effort in the first

Wl w! .
place.” As a result, we have that both Lajrﬁ < 0 and a—ajrﬁ < 0 meaning
that optimal wages are less responsive to the positive soft signal as 7

9Indeed, this likelihood ratio is equal to 1 — ﬂ;ﬂé.

v
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increases. In contrast, notice that the likelihood ratio associated to a
negative soft signal vs = B is not affected by the principal’s bias since
Ple=ey|v=B]=Ple=ey|vs = B|. Then, by applying definitions
3 and 4 we are able to establish that more weight is assigned to the hard
signal and that the power of incentives decreases in the soft signal (v)
as the principal’s bias (7) increases. These results imply that the vari-
ance of wages decreases in the principal’s bias. Our corollary is related
to the wage compression established by MacLeod (2003) in the case of
subjective assessments in a principal-agent model. The principal is will-
ing to use the hard signal more intensively relative to the soft signal as
7 increases since the informativeness of the soft signal decreases in the
principal’s bias.!?

We show in the next proposition that the manipulability of the soft
signal tends to increase the efficiency costs suffered by the principal.
That is, the more manipulable is the soft signal the less effective is
supervision as a disciplining device for the agent since the prevision of
the soft signal tends to decrease in 7.

Proposition 3 (Efficiency cost and principal bias) As the precision
of the principal bias (m) rises the cost of achieving the efficient level of
effort for the principal increases.

We can interpret from previous Proposition that as the principal’s
bias increases (m) supervision will be less likely. But will any supervi-
sion actually occur if the principal is under influence? The supervision
decision is characterized as follows.

Corollary 6 (Supervision decision under influence) If it is opti-
mal for the agent to influence the principal, the latter will superuvise the
agent if and only if:

i) (wi) Py —(&") 'P{ > g,

ii) In addition, (W")" P — (w*™)" Py > 0.

As it was shown in Proposition 2, the supervision signal is informa-
tive about the agent’s performance. Then, condition (i) states that this
signal should be included in the optimal contract whenever the cost of
supervision ¢, is smaller than the benefits obtained after deviating from
the status quo (v = @). At comparing w/P! and W P, we find that

10This behavior can be related to the empirical evidence provided by Liberti and
Mian (2009) in the context of credit decisions. Liberti and Mian (2009) observe that
higher hierarchical distance between the decision-maker and the agent who collects
the information yields less reliance on soft information.
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more influence is always worse for the principal. Thereby, we can con-
clude that the principal prefers a situation in which influence is deterred.
This solution works in line with closing the communication channels to
avoid influence activities (Milgrom, 1988; Milgrom and Roberts, 1988)
and may explain the organization structure in some cases. For instance,
we can explain the existence of firms in which the principal and the
agents work in different buildings as well as the empirical evidence pro-
vided by Berger, Miller, Petersen, Rajan and Stein (2001) showing that
larger banks are more likely to communicate with borrower imperson-
ally. However, closing the communication channels may not be feasible
(or it may be too expensive). In that case, the principal will be willing
to supervise the agent for ¢, small enough, even though the supervision
message contains pieces of manipulable information.

In the next corollary we show that the efficiency cost incurred by the
principal tends to increase in the presence of influence compared to the
rational supervision case whenever the soft signal becomes more manip-
ulable and whenever the soft or the hard signal becomes less precise.

Corollary 7 (Efficiency cost and precision of the signals)
i) 8(W1>Tpg;(w**)Tpl >0
a(w) " PI-(w) TP,
.. l
i1) B
a(w!) PI-(w™) TPy
9p,

<0

iii) <0

Influence-free contracts

The principal needs not to accept influence as she may offer influence-
free contracts (w!’) that discourage the agent from choosing a = 1.
We denote W' = (wly, wl,, Wiy, wls) the optimal contract such that
the agent is not willing to distort the supervisor’s assessment on his
work. Recall that we denote P! the probability vector associated to
the case in which the principal accepts influence from the agent. We
denote PI" the probability vector when the principal designs influence-
free contract to implement the efficient equilibrium.!! It follows that
the principal designs influence-free contracts as long as the following
condition is satisfied:

(W) P> (") P, (1)

Therefore when (1) does not hold it is optimal for the principal to
accept influence. Otherwise, the principal sets influence-free contracts

"By definition we know that P{ = Pj.
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w! to achieve efficiency. In that case, the principal discourages the influ-
ence activity by imposing an additional constraint on her optimization
problem. This condition is summarized in the following definition.

Definition 5 (Influence-free contracts) A contract is influence-free
as long as the following restriction (IF) is imposed to the principal’s
problem:

(IF) u (wF) ' PP > u(wh) Pl —¢,

We can then interpret that (IF) requires the agent accepting the
influence-free contract.!> We characterize in the following proposition
the optimal influence-free contracts that implement the efficient equilib-
rium.

Corollary 8 (Influence-free contracts and wage compression)

i) The optimal influence-free contract is such that an increase in
the principal’s bias (7) increases the weight that is assigned to the hard
signal.

i1) The optimal influence-free contract is such that the power of in-
centives decreases (wage compression) in the soft signal (v) with respect
to the principal’s bias (7). As a result, the variance of wages decreases
i the principal’s bias.

This corollary follows directly from definition 3 and the following re-

lationship between the principal’s bias and optimal influence-free wages:

oty ok, owty owl, S

52 >0, 52 <0, 52 >0 and —2¢ < 0. The result is similar to the

case of influence contracts but wage compression is actually stronger in
. . ok, ol ok,  owlp

this case given that —22 > 0 and —!2 > 0 whereas 22 = —1& = ().

That is, we observe that if the principal’s bias (7) rises the optimal

wages upon receiving the bad supervision signal only react for influence-
free contracts. This strategy, which increases w{y and w{y, compensates
the agent for choosing a = 0 after the increasing in 7. The rationale for
this result is that when 7 rises the agent’s marginal utility in g, and
ou'ligy) g (],

lB)
R — B decrease.

Wl increases, whereas

5 Influence costs and the value of the firm

Influence activities are costly for the organization as they detract workers
from their productive task (Milgrom and Roberts 1992). We provide
in this section an analysis of influence in which this activity is time
consuming and actually undermining the quality of the work of the agent.

2Tn other words, the agent does not take the influence activity so that (IA) does
not hold when (IF) does.
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This translates into the following assumption in which the probability
of obtaining the high level of output is reduced by the influence activity.

Assumption C (Influence costs and the value of the
firm)

If the agent decides to undertake an influence activity (a =
1), then Ply=1|e=ey]=(1-a)p,and Ply=1]e=er] =
(1 —a) (1 — p,) where a € [0, 1] measures the influence cost.

We aim at comparing in this section the costs and benefits for the
principal associated to two possible strategies: designing influence-free
contracts by imposing the influence-free restriction in her maximization
problem or accepting influence from the agent and relaxing the opti-
mization problem.

Influence contracts

We first characterize the influence contract w* = (wi, wig, Wiq, Whp)
when influence activities are costly. We consider that the influence-free
constraint is binding, that is the efficient contract w** is not a solution
to the optimization problem with influence.

Corollary 9 (Influence contracts and wage compression)

i) The optimal influence contract is such that either an increase in the
principal’s bias () or an increase in influence costs («) rises the weight
that is assigned to the hard signal in the optimal contingent contract.

i1) The optimal influence contract is such that the power of incentives
decreases (wage compression) in the soft signal (v) with respect to the
principal’s bias () and the power of incentives decreases in the hard
signal with respect to influence costs («).

The first part of the corollary follows from the fact that under influ-
ence the likelihood ratio of the signals vs = G and y = 0 decrease in 7
and « respectively, so that an increase in the principal’s bias 7 (influ-
ence cost a) rises the weight that is assigned to the hard (soft) signal.
The result also follows from the definition of wage compression and the
following relationship between the principal’s bias, 1nﬂuence costs and

optimal wages under influence: 81;23 =0, awOG <0, =0, 5 <0
and 8%3 > 0, 8153"‘ > 0, 8w;3 =0, 8:;;‘" = 0. Thls 1mphes that the

Varlance of wages decreases in the principal’s bias and in the influence

3Formally, this means that u(W*)" P; < u(w**)" P4, where P} denotes the
probability vector when the principal accepts influence but the influence activity is
costly for the organization.
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costs. The rationale for this result follows from the relationship between
the agent’s marginal utility and the principal’s bias 7 (influence cost «)
as explained above.

Influence-free contracts

We provide now the condition under which the principal is willing to
design influence-free contracts to implement the efficient equilibrium.
We denote by w/ = (w{G, w{ B ng, wgB) [Pﬂ the influence-free wage
contract [probability vector] and by w* = (W}, wig, wie, whg) [P}] the
wage contract [probability vector] when the principal accepts influence
from the agent.!? It should be clear that it is optimal for the principal
to design influence-free contracts as long as:

aR(y) + (w") P} > (w!)' Py (2)

Then, the principal designs influence-free contracts when (2) is sat-
isfied. Otherwise, the principal’s best option is to accept influence from
the agent. We determine in the next proposition a series of conditions
under which influence-free contracts will be chosen by the principal.

Proposition 4 (Influence-free strategy)
i) For a > ay the principal will choose to use influence-free contracts.
it) For R(y) > Ry the principal will choose to use influence-free
contracts.

The proposition states that as the cost associated to implement influ-
ence contracts increases above a certain threshold (that is as a or R (y)
rises above oy and Ry respectively) the principal will find it optimal
to set influence-free contracts. As a result, high-productivity workers j
such that R; (y) > Ry are going to be paid according to influence-free
contracts whereas low-productivity agents ! such that R; (y) < Ry are
likely to be rewarded with contracts allowing for some level of influence
activities.

We provide a deeper characterization of the optimal influence-free
contract in the following proposition. We denote at = maz {ao; aq; ar}

— 7T<1_p) — ﬂ'(l_pv) 3
where oy = m and a; = T e The expressions for ag and oy
F F
represent thresholds above which &gf > 0 and 81533 < 0, respectively.

Then, by applying definition 4 we conclude that above these threshold
values the optimal influence-free contract is such that the power of in-
centives increases in the hard signal with respect to influence costs ().

1By definition we know that P{ =P;.
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Notice that for = low (i.e., for oy and «; low) the wage compression
becomes less relevant since the expected benefits associated to influence
are reduced as influence is less likely.

Corollary 10 (Influence-free contracts and wage responsiveness)
(i) The optimal influence-free contract in the case of influence costs is
such that an increase in the costs (a) rises the weight that is assigned to
the hard signal.

(ii) The optimal influence-free contract in the case of influence costs
is such that for any o > at, the power of incentives increases in the
hard signal with respect to influence costs (o). As a result, the variance
of wages decreases in influence costs ().

'LUF ’LUF
The rationale is that for any a > o™ we have that aa;‘; >0, 88;3 >0,
F F
aggf < 0 and &ggf’ < 0. The result follows from the relationship between
the agent’s marginal utility in the optimal contract and the influence
costs (a). A detailed analysis is provided in the appendix.
We show in the next corollary that agents with different levels of

productivity may face different incentives schemes.

Corollary 11 (Influence-free contract and agent’s productivity)
For any a > o™, there exists a level of productivity R above which wages
offered to low-productivity agents (R (y) < R) are less responsive to the
hard signal compared to high-productivity agents (R (y) > R).

This corollary follows from the last two results where R is the level of
productivity such that for a given value of a the principal is indifferent
between supervising the agent or not. We show below that a consequence
of our analysis is that the principal may prefer to focus on the hard sig-
nal and avoid supervision even when it is actually costless (¢, = 0). The
rationale is that for high levels of the principal’s bias (7 > 7) the agent
will attempt to influence the principal and the latter will not be get-
ting a large amount of additional information as a result of supervision.
The benefits of supervision are then arbitrarily low whereas the cost of
supervision (aR (y)) is strictly positive.

Corollary 12 (Supervision and influence) For any m > 7 the prin-
cipal will no be willing to supervise even though the monitoring cost is
equal to zero.

This result can be interpreted as the supervision signal not being
informative about the agent’s level of effort when © > 7. In that case,
the principal focuses on hard information and gets rid of the supervision
message v, so the status quo (v = &) is implemented.
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6 Conclusion

In this paper we analyzed the design of incentives contracts in a principal-
agent model in which the agent had the possibility to manipulate soft
evidence about his actual performance. We considered successively the
cases in which influence activities entailed a private cost to the agent
and the case in which such activities diverted the agent from produc-
ing for the principal. In both contexts, we showed that an increase in
the manipulability (i.e. "softness") of the signal increases information
asymmetry between the agent and the principal and increases the cost of
implementing the efficient level of effort as a result. We also established
that when influence costs are particularly high, the principal prefers to
offer influence-free contracts so as to eliminate influence activities in
equilibrium. To that purpose, the principal follows opposite strategies
depending on the origin of the influence costs. In the case in which
influence costs as privately incurred by the agent the optimal contract
specifies wages that become more compressed and less volatile as the
soft signal becomes more manipulable. Wages being less responsive to
the soft signal, the range of possible wages as well as the variance of
wages decreases. This result is in line with MacLeod (2003) in which
wage compression occurs when the agent’s measures of performance are
subjective. In contrast, when influence activities reduce the performance
of the agent on the productive task, the principal’s optimal strategy con-
sists in increasing the expected costs associated to influence activities by
raising the incentives associated to the hard signal. As a result, we show
that principals may be interested in designing high-powered incentives to
avoid influence activities. More specifically, we show that high-powered
incentives and influence-free contracts are more likely to be assigned to
agents for which influence is especially costly in terms of firm productiv-
ity. We then predict that high-productivity workers are likely to be paid
according to influence-free contracts whereas low-productivity agents are
likely to be rewarded with contracts allowing for some level of influence
activities.

Although our model provides a generalization of the principal-agent
model to the case in which some signals are manipulable, we deliber-
ately abstract away from the interesting case of multi-agents frameworks.
However, in their definition of influence activities, Milgrom and Roberts
(1992) envision not only personal attempts to manipulate the principal’s
view of one-self but also the time devoted by organizational members to
countervail the manipulation attempts of their coworkers. In order to
apprehend influence activities at the organizational level, extending our
analysis to the case of multi-agent models with team production and
hierarchies may be a fruitful area for future research.
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7 Appendix

Proof of Proposition 1.

1- If the Principal supervises: v € {B, G}

We denote w = [w1g, w15, Woa, wOB]T the contingent contract offered
by the principal and we denote Py [Pg] the probability of receiving each
of these payments when exerting a high [low] level of effort, that is:

PyPo

py (1= p,)

(L=p,)p,
(L=p,) 1=p,)
(1—=p,) (1=p,)

(L=p,)p,

Py (1 - pv)

P, = (pil)ie{l,...A} -

And Py = (pio)icqr, 4y =

yro
The optimal contract solves the following problem:

1 *k : TP
L)W =maw B

(2) u(w) P, —C>u IR
3)u(w) PL—C>u(w)'P, IC
In order to ensure that the optimization program is concave we will
write the optimization program as a function of A = u~! the inverse
function of u(-), which is increasing and convex, that is A" > 0 and
h" > 0.5 We then define uig = u(wig),u1p = u(wip), uog = u(wog)
and uop = u(wep) so that wig = h(uig), wip = h(uip), woe = h(uee)
and wop = h(upp). Thereby, the Principal solves:
(1) w = {(miﬂ)}pnh(um) + parh(uip) + path(uoe) + paih(uop)

uo,u1
(2) puuie + pauip + psitog + parvos — C > 4, IR
(3) (p11 — pro)uic + (P21 — P2o)urs + (P31 — P3o)Uoc IC

+(P14 — poa)uop —C >0
We denote A > 0 and p > 0 the Lagrange multipliers associated with
the incentive constraint and the individual rationality constraint. We
then get the following first order conditions.

’ __ Apua+p(p1a—pio)
(10B) h(ulG)— 11 pllll 1

/ __ Ap21+p(p21—p20)
(Log) N'(urp) = =2-H 72020

/ __ Apsa+p(ps1—pso)
(Lip)  W'(uoe) = =500

/ __ Apar+p(pa1—pao)
(llG) h (u[)B) — 41 p4fl 4

Since h'(x) = 1/u/(z) we can write:

1We use this change of variable h = v~ following Laffont and Mortimort (2002)
so as to ensure the concavity of the optimization problem solved by the principal.
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[ (Lie) v'(wig) = Apymﬁfzgm
(Lip) u' (wip) = o

A(1=p,)py+1(py—py)
(Log) o' (wie) =

(17py)pv
A(l(py)pv;ru(pvpy)
/ *% _ 1_py (1_pv)
| (os) v’ (wp) = M1=p, ) 1=y +H(1—py—py)
In addition, we get the feasibility and Slackness conditions:
(2/r) u(w) ' Py —C—u>0
(3rc) u(w)' (P —Py) —C >0
(4) AMu(w) Py —C—a]=0
(5.) nlu(w)" (Py—Pg) —C)] =0
CASFE 1. Tt should be clear that A = = 0 is not a solution for the
problem above because it would imply v/ (w) = oc.
CASE 2. If 4 > 0 and A\ = 0 then,

*k 1- (1-p,) .
{(103) u’(wOB)—%>Olffpy+pv<l

But p, + p, < 1 contradicts p,, p, € (3,1]

CASE 3. If,u—Oand)\>0then

{u (w5p) = ' (wigy) = ' (wip) = v (wit) = 5 >0

In this case, the Principal’s optimal choice is to propose a fixed wage
contract but the agent will not perform high effort because (3;¢) does
not hold.

CASFE J. Therefore for the solution to exist, 4 > 0 and A > 0 so
(IC) and (IR) are binding constraints.!®

Thus,
( (1-p,)(1-p,)
/ k| Y v
(log)  u' (wip) = A(1-p, )(1( pv)+)u(1 Py=Pv)
1—p, )P,
(log)  u'(wig;) = N py)pviu(pv —py)
(1-py)
(i) u'(wip) = A(1- pv)pyiup(i’y —py)
(he) o' (wig) = /\pypﬁffzz;rpu—l) >0
(2) u(w**) P,-C—-u4;=0
| @ uw) (Pi-Py) - C =0

In order to ensure that «/(-) > 0 we would need the denominator be-

ing positive. For instance, when p, > p, we would need £ < oD
Yy v

Besides,

6 MacLeod (2003) and Holmstrom (1979) find exactly the same result. Hereafter,
we focus on the case of > 0 and A > 0.
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o (wig) > of (wip) for p, > p,
& wo < wip for p, > p,
Then, for p, > p,:
u' (wig) < ' (wip) < v’ (wgy) < o' (wip)
& Wi < wis < wih < wiy
2- If the Principal does not supervise (v = @)

This can be interpreted as a special case of the derivations above

where p, = % In that case, the contingent contract offered by the

principal (w*) to the agent is defined by two contingent payments that
are respectively denoted: wi, and wf,. Another way to consider the
case v = {@} is to repeat the analysis in 1- with p, = 1.

In that case, we obtain the followirllg optimal contract.

(1) (i) = of (wih) = gy = (wi)

(L) ' (wig) = v’ (wip) = 2= = v’ (i) .
& Wy < Wiy

Proof of Corollary 1. Comparative statics

If we use the Implicit Function Theorem in equations (1gz), (log),
(115) and (1;¢) above, we get that:

(Owgl _ ppy(py—1) <0
9p, w(wg's ) (A(py—1) (py—1)+1(1=p,—p,))?
owgt, _ ppy(py—1) >0
Oy w(woa)(A(py—1) putu(py—ps))?
owip ppy(py—1) <0
9py w(w18)(Mpp—1)py+1(pu—py ))?
owiy, _ ppy(py—1) <0
\ p, — w(wic)(Apypytulpy+p,—1))?
Similarly,
((dwgp 1Py (py—1) <0
9py w(wg ) (A(py—1) (py—1)+1(1=py—p,))?
dwoes 1Py (py—1) <0
9y w(wit ) Mpy—1)puti(py—py))?
BU’IE — KPy p'u*l > O
Oy w(win) Moo=y +i(po—py))?
owig _ 1Py (py—1) >0
L 9py w (wit ) (Apypy+1(py+p,—1))2
Therefore,
{%Wl*ﬁ<0,a—w@>0,a—w{*ﬁ<0 gwic -
0y Opy Opy > 9p,
aw** aw** 8w** aw**
a;yB <0, aplyB <0, aplyG > 0, 8;; >0 m

Proof of Corollary 2. This follows directly from Corollary 1 taking

into account that the benchmark model corresponds to the case in which
1

Py = 3 n

Proof of Corollary 3. If the principal will decide to supervise the

agent whenever the following condition holds:

¢5 + W**TPl S W*NTPJIV
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We can derive from the proofs of Proposition 1 and Corollary 2 that
(w*—w*™) Py > 0 for any p, € (3,1] taking into account that the
benchmark model corresponds to the case in which p, = % Indeed only
for p, = % we have that wip = wj, = wis and wip = wi,; = wWig.
This implies that cost of implementing the efficient level of effort for any
Py F % is strictly lower than in the benchmark model. m
Proof of Corollary 4. i) As p, or p, increases the cost of implement-
ing the efficient level of effort decreases. This can be shown using the
Blackwell efficiency theorem. We consider the case of p, (the case of p,
is symmetric).

We take the following information structure (P;,Pg) that corre-
sponds to the supervision case with Py [P] the probability of receiving
each of these payments when exerting a high [low] level of effort, that is:

(pypv | (1 Z py) (1) — )

_ py (1 = p, an _ L—py,)py

Pl B (l_py) Py dPO IOy (1_101))
(1-p,) 1 =p,) PyPy

Also, we consider the following information structure where the pre-
cision of the soft signal is decreased to p, — ¢, where € > 0.

: (pysf)pv ) (lzpﬁf)(l)—pv)

_ py —¢€) (1 —=p, an _ L—p,+¢)p,

PIE B (1 — Py + 5) Py d POE (on - 53 (]' - pv)
(1=p,+2)(1-0p,) (py =€) P

If we are able to show that the information structure (P, Py) is suf-
ficient, in the sense of Blackwell, for the information structure (P, Py.)
for ¢ > 0 then we can conclude using the Blackwell sufficiency theorem
that the cost of implementing the efficient level of effort decreases in p,.

To show that (P;,Pg) is sufficient, in the sense of Blackwell, for
(P, Po.) we have to show that there exists a transition matrix @ =
(¢i), (i,j) € {1,...,4}” that is independent of the level of effort such

4

4
that pjic = > qi;pjn and pjo: = > gipjo-
j=1

j=1
This can be shown taking the following transition matrix:
1- 2pyE—1 0 . 2p5—1 8
B 0 1— 20,1 0 20, —1
Q - S O 1 _ £ O
2py—1 . 2py—1 -
0 25,1 0 1 - 20,1

i1) For the second part of the corollary we have to show that:

7L \pprk T
8(W+p>m < 0. We use the result established by Kim (1995),

showing that an information structure P is more efficient than an infor-
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mation structure II if its likelihood ratio is a mean preserving spread of
that of II.
We compute the following function:
(o, pl, o, pp ) = (28 — e
i€s
Where p] stands for the precision of signal i € {v,y} of information
structure j € {P,II}.

o (1_py)(1_pv+ﬂpv) p. (lfpv+7rp'u)
® (pmpv:py?py’ﬂ-) - < pylppt+m(1=p,)] + (1—Zy)[pv+7r(1—pv)]

pypv (17py)p’u

20 (00,04 Py T)
Op, 0T

Bé(pwpwpyypym)
Opy

As aresult, for any p, we need for the information structure IT (7r, ,oy)
to be as efficient as P (pv,,og) that pf = p, where p, < p, so that
d (pv, Pus Py s Py 7r) = 0. Also, for an increase in p, to ,ozj we know that
® rises so that II (7r, oy ) will be as efficient as P (pv, pg) for pf = p,_
where p;“ — py_ > p, — py- We conclude that for an increase in p,
information systems IT and P are not affected similarly. In particular, an
increase in p, tends to favor information system P compared to II since

02®(p,y 00y Py Py T )
Op,Om
is increased by a larger amount than the likelihood ratio of information

system IT when p, rises.

Since > ( for any 7w > 0 and ? > 0.

> 0 that is the likelihood ratio of information system P

e . . 8@ vy b K
iii) The last part of the corollary is shown after getting that W

0. m
Proof of Lemma 1. Contingent wages will depend on both signals,
e, w=w(y,vs)

Consider the case of an efficient equilibrium (e = ey). We denote

I [l I I I : I
w = [wLG,wl’B,wog,wO;B} the vector of contingent wages and P

the probability of receiving each of these payments when the agent un-
dertakes the influence activity. Then,
py[pv + 7T<1 - pv)]
py(1 =) (1—p,)
(1 - on [pv + 7T<1 - pv)]
| (1=p,) 1 =7) (1= py)
Contrariwise, if the agent does not undertake the influence activity:
pyp’lj
Py (]- - pv)
(1=0,) P,
_(1 - py) (1 - pv)
Therefore, the agent undertakes the influence activity if and only if

<

P{ = (pzll)ie{l,..fl} -

Pi=pi)icn,. 4 =
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w(wh) ' (PL=Py) > ¢,
That is,
py [0 (1) — u ()] + (1= plu (whe) — u (uhp)] > s m
Proof of Proposition 2. If the Principal supervises under influence:
vs € {B, G} = v with probability (1 —7) and vg = G otherwise. Recall
that the optimal contract cannot depend on the influence activity a €
{0,1} because it is non-verifiable. We denote the contingent contract
under influence w! = [w{’G,wﬂB,wé’G,wé’B]T and denote P{ [P{] the
probability of receiving each of these payments when exerting a high
[low] level of effort. Thus,
z@%v+z?r—%?
I — (] _ py(L =m) (1 —p,
PL=h)ico = [ (157,) (oo + 71— p0)]
(1= p,) (1 —m) (1= p,)
(1=p,) (1= p, +7p,)
1— 1—m
and P} = (pi[))ie{l 4y = (Py <1p3) ol )

PyPu(l =7

The first part of the proposition c?m ](ae prozfen by showing that the
signal v, is informative about the agent’s level of effort. Recall that
Pluvs=Gle=e]=1—p,+7p,and Pvs =G |e=ey| =p,+7(1—
p,)- Since, Plo,=G |e=¢1] < Plvy =G |e=ey] for any p, > 3,
m < 1 the result follows (see Laffont and Martimort 2002, Section 4.6.1,
pl68).

We can then derive the optimal contract under influence (w') which

solves: , .
(1) W = minw 'II;
WER4

2) u(w) Pl—C>a IR
3) u(w)'Pl—C>u(w) P! IC
We can define uyq = u(wig), uip = u(wip), uoe = uw(wf ) and ugp =
u(w§ p) so that wig = h(uie), wig = h(uip), whe = h(uee) and wiz =
h(UOB>.
Then, the first-order Kuhn-Tucker conditions are necessary and suf-
ficient to determine the optimal contract

(1) wr= {(min)}p{lh(ulg) + py h(uap) + pi h(uog) + piy h(uos)
uo,u1

(2) pliwie + phuie + phwie +phue — C > @ IR
(3) pliwie + Phwie + phtng + phiue — C >
p{oulG + p§0U1G + péoulG + pi{)UlG IC
We denote A and p the non-negative Lagrange multipliers associ-
ated respectively with the incentive compatibility (IC) constraint and
the individual rationality (IR constraint.. If we use the arguments in
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Proposition 1, we conclude that:

((L10) W (@) = st
(Lip) o (7«2’{3) = /\py(1—Tl')ﬁzlv]i(—1f7_v7;i‘(l];(_7rp_v)1)(ﬂv_py)
(loc) ' (dpe) = A@py>[pv+§ifiiﬁii?§Z:”Wpy1»
(o) () = Sy i

And notice that lim,_o (W' — w**) = 0. Indeed, for 7 = 0 the opti-

mal contingent contract W/ =[], @1, Wiq, W B]T coincides with the
optimal scheme under rational supervision w** = [w}%, Wik, wis, wis] .
For completeness, we can also observe that lim,_; {5 — w{ 5 = 0.

If we compare (11¢), (115), (1log) and (1gp) above, we get that:

(1) @fg > Wi > @y & W (0];) < o (dfg) < o (@¥fz). The
relationship holds for any p, > %, py € (%, 1) and 7 < 1.

We also find that:

(2) Wl > Wle > Wiy & W (i) < (Wg) < v (W) < p, >
5.0, € (5, ) and 7 < 1.

So we need to study whether more weight is assigned to the hard or
the soft signal in the optimal contingent contract under influence. This
relationship between wJ, and !, varies according to the Principal’s
bias (7) and the precision of the signals (p, and p,).

Let us define A(m, p,, p,, o, o) = v’ (i) — v (fe)

A(T, py, pys Aoy o) =0 & 7 € {70, 1}

(Po—Py)(py(2p,—1)—
pv(pfl)@py;l)
andfro<1f0r,0v<%:py

So it follows that

(i) If p, € (p,, p,) and T < T = A(-) > 0 = w{p < Wig

(i) If p, € (p,,p,) and ™ > T = A(-) < 0 = wip > Wi

(iii) If p, < p, = A() <0 for all 7 < 1 = {5 > Wi,

(iv) If p, > p, = A(-) >0 forall 7 < 1 = iz < W, ™
Proof of Corollary 5. If we use the Implicit function theorem in
equations (1;¢), (115), (loe) and (1pg) above it is easy to see that

where 79 = 20 < 0 if and only if p, > p,

or W (@l ) (w(py—1)=pu)py A 1t(py 0y +7(py—p,))?
on W (6 ) (7(py—1)—py) (1=py )A—pi(py =Py +7(py +p,—1))?
whereas
owl 5 _ owhp 0
on on

Using these equations, we can also derive the relationship between
the wages and the signals’ precision.
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by (1=m2)(py,—D)py 1

9py W (0 ) (7 (py—1) =) (1=py ) A—pi(py =Py +7(py +p,—1))? >0
% — (py_l)py'u‘ < O
9p, w(h ) A(1=py ) [pu+T(1=p, )] +1(py—py =T (py+py—1)))2
iy _ (1=72)(py—D)pyu 0
9py w (] 5 ) (A, (1=m) (1—p, ) +(m—1)(p, —p,))?
oMig _ (py=Dpyu <0
[ 9P w (015 ) (w(py—1)=p, ) py A 1t(py Py +7(py —p,))
And
(ouly _ (r(p,=1) )L+ (x—1)p, ) -
9py u (@ 5 ) (w(py=1)=p, ) (1=py ) A= 11(py —po+7(py +p,—1))?
Oy _ (py=1)p, >0
Oy w(whe ) M(1=py ) oo +7(1=p,)|+1(py—py—T (P, +py—1)))? .
il _ (g D)= p) (1+(r—1)p ) “0
9p, w (] 5 ) (A, (1=m) (1=p, ) +(m—1)(p, —py))?
owle _ (pu=1)pupt <0
9py w! (0] ) (W(py=1)=py ) py Ari(putpy+7(0y—py))?

Proof of Proposition 3. We use the result established by Kim
(1995), showing that an information structure P is more efficient than
an information structure II if its likelihood ratio is a mean preserving
spread of that of II.

We compute the following function:

I
P (pI;? /057 PZa /037;771-) = Z(%{% - %)
€S

Where p/ stands for the precision of signal i € {v,y} of information
structure j € {P,II} and II = P! denotes the probability vector under
influence.

[ (1=p,)(0—p,+7p,) py (1=p,+7p,)
P (pm Pus Pys Py> 7T) - pyloy+m(1=p,)] (1_Zy>[pv+7r(1—pv)]
PyPu T (1=py )ps >0

P (1—py)@A—py+7py) py(L—py+7py,)
Since Py [Py +7(1—py)] (l*py)[pv +m(1—py)]

> 0. At the same time, we

o
1—py)(A—py) | py(L—py)
have that 8<( gy)pv op +(ipy)pv>
the influence pararnetér from 7~ to 7" the information structure P (p,)
is not as efficient as II (7", p,) since then ® > 0. In order to make
II (7", p,) as efficient as P we can consider the information structure
P (p,) where p, < p, so that @ (p;, p,, Py py,7r+) = 0. As a result any
increase in 7 reduces the efficiency of the information structure I1. m
Proof of Corollary 6.  The first part of the Corollary is trivial.
The second part can be derived from Proposition 3 taking into account
that the model of rational supervision corresponds to case of supervision
under influence when 7 = 0. =
Proof of Corollary 7. It follows from the two previous results and
Corollary 2. =

< 0. As a result, for any increase in
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Proof of Corollary 8. The optimal contract to detract workers from
the influence activity (W!") solves:

(1) Wi = manTPl
WER

(2) u (W) —C>u IR
(3) u(w)’ P1 —C>u(w) Py IC
4) u(w) Py >u(w) Pl —¢, IF
The non-negative Lagrange multipliers are denoted A > 0, p© > 0
and 6 > 0. We know that all of them are positive because w** is not a
solution to the optimization problem. We consider the change of variable
u1g = w(wly), uip = u(wly), we = u(wly) and uep = u(wly) to ensure
concav1ty We then solve for W' and get:

PyPu
(11G) (le) ,\pypv+u(py+(pv—1))+6(7r(pvfl)py)
! . 1_pv py
(Lip) o (1) = A(1=p,)py+u(py—py, )+omp,(1-p,)
) (17py>pv

(log (wOG) = A(1=py ) potr(po—py )+ (Py+po—1=pypy)

P(AF Y\ (1-p,)(1-p,)
KRR 1 R v ey rmmg ey g Ty
Therefore, we can show that:

o
(lic) aa%:; = (ol G)(w(pu—ip;yil;;iﬁpﬁpu—l) 2 0
(115) 81;;3 - w0k, )(( A+7(r§v;1u) 1)jy+u(£vu —py))? >0
(Log) 833? = un(w G)((py—(fv(ﬂ' Zﬁ)égui)ﬁpy —Pu) )2 <0
(Los) ang (k) A+7r(6pvpv1)21()p(9y1)12)6 1Py t+py—1))2 =0

Similarly, we can derive the results for %F and %";’F by using the
y v

implicit function theorem.
Proof of Corollary 9. We denote P = (p};),. (1,..4y the probability
vector when the agent undertakes the influence activity in the context
of influence costs.
El - ag pyEpv + 7;((1 - pv);
. L _ l1—a)p, (1l —=m)(1—0p,
That is, P{ = (pzl)ze{l ,,,,, 4= [1 Sa- Oé)ypy} oo 4 (1 p)] [
1= (1—a)p,) (1—m)(1—p,)
(1 - Oé) (1 - py) (1 — Pyt 7T/0v>
| acaaSp)ni-n
~~~~~ B | a+ 1 —a)p,| (1—p,+7p,)
[a+(1—=a)p,] p,(1—m)

and P[) — (pz[)>ze{1

We then have that:
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( (Lip) W (¥1¢) m
Piy

(Lip) o' (dip) @
(Log) v (W) m

1 P31
\ Mriu(1-532)

By taking derivatives and using simple algebra we get the results
summarized in the corollary. m
Proof of Proposition 4. It is optimal for the principal to design
influence-free contracts as long as: ay+ (w*)' Py > (wh )T P;. Also, we
know by using a very similar proof to the one presented for Proposition
3 that (w*)" P is increasing in both a and 7 and decreasing in the
precision of both signals p, and p,. We then conclude that as « increases
not only influence contracts tend to be more expansive but revenues will
also decrease (ay rises).

The cost of implementing the efficient level of effort in the case of
influence-free contracts depends on the solution to the following opti-
mization program:

(1) W/ = minw P,

(log) o' (@pp) =

weR4
(2) u(w)' Py —C > IR
(3) u(w) Py —C>u(w) Py IC
@) u(wh) Py >u(w) Py IF

We consider that the influence-free constraint (IF') is binding, that is
the efficient contract w** is not a solution to the optimization problem
with influence. We denote [F = u (w/ )T (P; —PY). Also, by simple
algebra we get the following comparative statics:

) OIF ) OIF 2\ OIF .\ OIF

i) S >0, 41) 5= <0, iii) . >0, i) oy 0 for low values of 7
oIF
Opy
the costs of choosing influence contracts since both ay and (vv‘)T Py in-

whereas < 0 for 7 high. As a result, an increase in a will increase

crease in « but also (Wf ) i P, decrease in « since the influence-restriction
becomes looser as a increases.

- We conclude that there exists a level o €, (0, 1] above which the
principal will always choose to design influence-free contracts. Indeed,
for the upper bound a@ = 1 we know that influence-free contracts are
the only solution since then the principal obtains no revenues from the
agent.

- Also, as the ability of the worker increase the only part of the
inequation that is affected is ay so that there exists a level of ability y
above which the principal will decide to design influence-free contracts.

- Concerning 7, there exist two opposite effects. First an increase
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in 7 rises the costs of implementing influence contracts but at the same
time it tends to render more attractive the influence activity so that
88[—: < 0 meaning that influence-free contracts become more costly as 7
rises. ®

Proof of Corollary 10. We need to solve the following optimization

problem.
(1) W* = minw'P,

WZ‘E]R4
(2) u(w) P, —C>u IR
3) u(w) Pi—C>u(w)'P, IC
(4) u(Wf)TPIZu(Wf)TPL1 IF

We get the following first order conditions, where 4 is the non-
negative Lagrange multiplier associated to restriction IF. It is easy to
see that A > 0, u > 0 and 6 > 0 as long as w** is not a solution to the
optimization problem.

( (lig) o (w{G

/ f _ (lfpv)py
(Lip) u <w13> T AI—p)pyti(py—p) o0y (1—p,) (1—(1—a) (1))

_ PyPo
) Ay ot 1t(py 0, —1) 48 (pyp, —(1—a)pyp,—T(1—a)p, (1-p,,) )

i(F 0\ (1-py)p0
(log) u (wUG) - A(lpy)pvw(pvpy)w(glpy po—(1=(=a)py ) (put7(1—p,)))
f 1—p, )(1—p,)

> ( for any a > 0.

/ J—
k(loB) U <w03 T A(1-py) (1—p)Hu(1—py—p ) +8(1—p,) (1-py— (1-(1-a)p, ) (1-7))
( (llG) 81;50 > 0 for a > ay, where a; = %_
(11p)
agffc

We conclude after some algebra that:
Bwa
(log) —52% <0 for any a > 0.

\ (1op) &ggB < 0 for any a > ag, where oy = 751(1;;7;’3

- This is a summary of our results on influence-free contracts, wage
compression and responsiveness

- Given o™ < ap

i) For a < ap, there is wage compression for both hard and soft
signals for both influence parameters « or .

ii) For a > ap, there is wage expansion for the hard signal for the
influence parameter a.

- Given ap < apg < ay <1 [ap < a1 < ap < 1]

i) For a < ap, there is wage compression for both hard and soft
signals for both influence parameters « or .

ii) For ap < a < ap [ar < a < aq], there is wage compression for
the soft signal for both influence parameters a or 7.

iii) For ap < a < a1 [y < a0 < ), there is wage compression for the
soft signal when y = 1 [y = 0] and wage expansion for the hard signal
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when v = B [v = G] for the influence parameter «.

iv) For a > ay [ > ), there is wage expansion for the hard signal
for the influence parameter a.

-Given ap < ap < a1 < 1 [y < ap < agp < 1]

i) For @ < ap, there is wage compression for both hard and soft
signals for both influence parameters « or .

ii) For ap < a < oy [ar < a < a), there is wage compression for the
soft signal when y = 1 [y = 0] and wage expansion for the hard signal
when v = B [v = G] for the influence parameter «.

iii) For a > a3 [a > ayp], there is wage expansion for the hard signal
for the influence parameter a. =
Proof of Corollary 11. It follows from the last proposition since
for any a > a*, there exists a level of productivity R = R (a) such
that high-productivity agents (R > R) gets an influence-free contract
whereas low-productivity agents (R < R) get an influence contract. Re-
garding the variance of wages one can see the wage scheme as a mixed
Bernoulli distribution with parameter ¢ so that the variance of wages
o?(w) in that case is such that: o%(w) = (0%(Bg) + (1 — () 0*(Bg) +
¢ (1 =) [E(Bg) — E(Bg))” where B¢ [Bpg] is the Bernoulli distribution
that takes values wie¢ and wip [woe and wop] with probability p, and
(1 — py) respectively. To show that o?(w) increase in o we are left
to demonstrate that = [E(Bg) — E(Bg)] > 0, that is to show that
p, (Wi —wip)+ (1 — p,) (woe — wop) is increasing in a. We know that
as « increases the (I F') constraint is relaxed since costs of influence in-
crease for the agent and at the same time the power of incentives in the
hard signal increases in « as we have shown in the previous proposition.
As a result, for (/F') to be binding in equilibrium (it has to be the case
since § > 0) it has to be that the benefits associated to influence rise
to compensate an increase in costs associated to the influence activity
previously mentioned. That is, the power of incentives in the soft signal
has to increase with regard to . This implies that both (wig — wip)
and (woe — wop) cannot decrease in . This completes the proof that
o?(w) is increasing in a. ®
Proof of Corollary 12. Free supervision may be detrimental for the
principal as long as w*"P; < min{ (W[)TPLI; (Wf)TPl}. In particu-
lar, for 7 = 1 we know that w*"P; = w** Py and w* P, < (Wf)T P;.
Also, for o > ay we know that (vvf)T P, = argmin{(w*)' P/; (vvf)T P}
As a result, w*TP; < min{(w*)' P!; (Wf)TPl} for any a > ay and for
any m > mo, where 7 is such that w*'P; — w*'P; = (wf)TPl —
W**TPL

For a < a; we know that (w*)' P4 = argmin{(w*)' P%; (Wf)T P}
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We know that (WL)T P! > w*'P, for any 7 > 7y, where 7; is such that
(w) P =w*P. m
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