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Abstract: This paper studies the choice of whether an upstream or downstream agent should
privately observe an interim signial atwo-stagesequentiaproduction process, where joint
output is dependent on the effort of both agents. The signal is both drac&iad forward

looking, in that it is informative of the upstream agentOs actionsaaitively correlated

with the joint output. The effect on incentives depends on who observes the signal, while the
report of the signal can be used in contracting Withother agentf the upstream agent observes

the signal and the signal is at least slightly forwiaaking, depending on the agentsO output
productivity, there is a higher cost of the downstream agent and the principal prefers no signal. If
the downsteam agent observes the signal, the tradeoff involves higher information rents to the
downstream agent and a reduced cost of the upstream agent with more information on which to
base payments. With a more forwdodking signal, the principal prefers no sa because the

rents are too high to the downstream agent. Whether the upstream or downstream agent should
observe the signal also depends on the signalOs fdoekitg quality. If the signal is forward

looking enough, in order to reduce rents, theqpial prefers the upstream agent observe the

signal, even though it is costly disseminating the information to the downstream agent. The
results suggest that the choice of whether or not to produce interim information depends critically
on its forwardlooking qualities and whether it is produced upstream or downstream.

Keywords: principal-agent theory, sequential production, asymmetric information, interim
information



1. Introduction

An important aspect of accounting is interim reporting, which is comimarodern
organizations, where production occurs sequentially, and information is produced privately and
gathered at different stages of production. Interim information can have both backward and
forward looking qualities in that it may be informative abopstream and downstream
production. Producing more information at intermediate stages is beneficial for deneary,
but because it is privately observed and unverifiable, generating interim information also
exacerbates incentive problems. Given ¢hesentive problems, a natural question arises as to
how the information should be generated, reported, and disseminated to the rest of the
organization. This paper considers the incentive effect of forward and backward looking
information qualities on #choice of whether an upstream or a downstream worker should
produce interim informatiorand furtherwhether information should be generated in the first
place or whether workers should remain ignorant.

The question of how or even whether to generdtenimation in a sequential production
process is applicable to a broad range of settings, including internal production in manufacturing
or in service industries, research and development, and externally, within supply chains. For
example, in the automobiladustry, before the engine is installed, the engine can be tested for
quality by the upstream production department, or by the downstream production department,
who is responsible for installing the engine. A complex issue imgwsd processing industry
whether slaughterhouses or the meat grinders should test for E. coli prior to the meat being
processed. In fact, many large slaughterhouses refuse to sell to grinders who conduct their own
testing; Costco, who grinds its own ground beef, tests meaineltfrom slaughterhouses before
grinding, but Tyson, who tests its own meat, refuses to sell to Costco (Moss, 2009). In addition,
this paper may provide new insights into the debate about concurrent development and
production of weapons systems versugugatial development and production, where one

advantage of sequential development is the ability for either the developers or the weapons



producers to generate information from testing after development but before production
(Congressional Budget Offic&988) One important aspect of the design process with lean
manufacturing is communication, which is assumed to be more difficult in mass production

where the design process is sequential rather than in teams, as with lean manufacturing (Womack,
et al., 199). Our paper suggests that a reason for the difficulty may be due to incentives and the
nature of the interim information. We study the effect of incentives on the problem of whether or
not to generate interim information, and if so, whether the upstpeatiuction agent or the

downstream production agent should generate the information.

We use a principal agent setting with risk neutral agents and limited liability and a
sequential production procesghere joint output, which depends on the effort ohtegents, is
publicly observed at the end of productitmaddition,an interim signal about productivity can
be produced between the agentsO production choices. Either the upstream or the downstream
agent can privately observe the signal, but regardiessgent who observes the signal has
incentives to misreport the information. After observing the signal, the agent reports it to the
principal, who disseminates the report to the uninformed agent.

The signal is directly affected by the upstream agetfdsictive efforts, and is thus
backward looking because it is informative about the upstream agentOs input. The signal is also
positively correlated with the final, joint output, which makes the signal forward looking. A
signal indicating good news meathat agents are more likely to produce a successful output.

This is similar to the relationship between the quality of an intermediate good and the final good;
a higher quality intermediate good makes an easier job for the downstream agent, meaning that i
is more likely the final output will be of high quality. How forward looking the signal is depends
on the strength of the correlation between the intermediate signal and the final output. The setup
of our model allows us to directly identify whether gignal is more forward looking or more

backward looking.



Due to the sequential nature of the production process, the provision of incentives is
directly affected by whether the upstream or downstream agent observes the signal. Because the
signal is produag after the upstream agentOs choice of effort, if the upstream agent observes the
signal, then that agent must be provided with ex ante incentives both for communication and for
working hard. However, if the downstream agent observes the signal, beairdertination is
produced before he chooses his effort, then the downstream agent must be given ex post
incentives to communicate and to work hard.

Further, the principal can use the information provided by whichever agent observes the
signal in contractig with the other agent. If the upstream agent observes the signal, then
depending on how forward looking the information is, the principal uses the information to
motivate the downstream agent, similar to if the information is public. Similarly if the
downstream agent observes the signal, then the principal can use the report for contracting with
the upstream agent. Even though the information is too late to affect his productive choices,
because the signal is informative about his effort choices, iefsluss a second performance
measure.

In each case, we compare the sequential production setting with the information signal to
a setting where no signal is produced. The results indicate that the principal may prefer no
observation of the signal to seaqui@l production with the upstream agent observing the signal,
depending on how informative the agentsO joint output is depending on the signal. The only
difference between the setting with no signal and the upstream agent observing the signal is the
incertives for the downstream agent. In order to give the upstream agent ex ante incentives to
work and to communicate, the principal cannot base payments to the upstream agent on the
reported information, and because the signal comes after his productipaythent is the same
as with no information. However in contracting with the downstream agent, having the upstream
agentOs report is the same as when the signal is public. While it seems that the public information

would always be beneficial with the dowresim agent, providing the downstream agent ex post



incentives to work for all possible outcomes of the signal can be too costly. Informing the
downstream agent is costly only if the signal is forward looking; if the information were
completely backward ldang, then the principal would be indifferent to whether the upstream
agent generates the signal or whether there is no signal.

If the downstream agent generates and observes the signal, then the principal must
provide ex post incentives to work hard daccommunicate for each possible signal. This is
quite costly to the principal compared to the case where either no information is produced or the
upstream agent observes the signal. However, the benefit is in reducing the upstream agentOs cost.
Because th information comes after the upstream agentOs production, ex ante incentives to work
hard are unchanged, but with more information about the upstream agentOs productive efforts, the
principal can reduce payments to the upstream agent. Overall, whettwrtioe principal prefers
the downstream agent to observe the signal compared to no signal depends on whether the benefit
to reducing the upstream agentOs payment is high enough to cover the cost of the increased
incentives needed for the downstream ag&hé more backward looking the signal, then the cost
is reduced and the principal prefers the downstream agent to observe the signal.

Finally, we determine the principalOs preferences for whether the upstream agent or the
downstream agent should generatel report the signal. Neither having the upstream agent
observe the signal nor having the downstream agent observe the signal dominates, but rather it
depends on the qualities of the signal. Overall, if the upstream agent observes the signal, there
may ormay not be a net benefit, because it may be too costly informing the downstream agent. If
the downstream agent is the monitor, there are definite incentive costs in terms of the downstream
agentOs increased information rents, but with more informatére,itha definite benefit in
reducing the upstream agentOs payment. Generally, the more forward looking the signal, the
principal prefers that the upstream agent observes the signal. The more forward looking the
signal, the downstream agentOs expectedpgybe more costly with public information, but it

depends on how the states of productivity vary. Regardless, with a more forward looking signal,



the cost of the downstream agent privately observing the signal increases, due to higher
information rents.

This paper is related to several streams of research. Similar to Hemmer (1995) and Arya
et al. (2004), in our sequential production setting, the terminal signal is an aggregate measure of
the agentsO actions. In turn, using an aggregate measure fonaec®evaluation can be
beneficial because it increases the sample size to infer the upstream agentOs unobservable action.

Arya et al. (1997) and Feltham et al. (2006) both address the release of a public interim
signal in a setting characterized byiratfstage control and a seceathge decision and control
problem. In Arya et al. (1997), the principal is responsible for the sestage decision and
control problem, whereas in Feltham et al. (2006), thediegje agent is also responsible for the
secondstage decision and control problénOur study differs from these studies in that the
interim signal is private information to either the upstream or the downstream agent and that the
principalOs selects whether the upstream or the downstreanpgately observes the interim
signal?

The setting where the downstream agent observes the interim signal is related to the
literature on communication of private, padecision information with a single agent (Christensen
1981; Baiman and Evans 1983; Rerl984). The setting where the upstream agent observes the
signal is related to the literature on communication of private;gexssion information with a
single agent (Dye 1983). We extend this literature by also considering the principalOs choice
whether to disseminate information to the other (i.e., upstream or downstream agent). The choice
to disseminate an interim pedécision signal falls in between the extremes of disseminating pre

decision information (Rothenberg 2010) or ex gogrmation(Feltham and Hofmann 2010).

! In a quasi tweperiod agency model, Dikolli (2001) considers the relatiemben an agentOs employment horizon
and the contracting demand for forwdodking performance measures. Different to our setting, the forleakdng
performance measure is used to reward farsighted effort that the agent provides besides shorfisighted ef

2 Hofmann et al. (2008) consider a sequential production setting with private erfoostation.



Finally, our study also relates to the literature on supply chakintesttives. For
example, Baiman et al. (2000), Baiman et al. (2001), and Ross and Saouma (2010) explore a
sellerOs or a buyerOs incentives to test théycpfadixchanged goods. Whereas these studies
examine the relation of independent companies with a buyer and one seller, our study can be
applied to supply chain settings with a buyer and two sellers or can relate to a sequential
production process withinfem where, e.g., headquarter designs the contracts for divisional
(upstream and downstream) managers and assigns information acquisition and communication
responsibilities to the divisional managers.

2. Model

The model consists of a risk neutral pripal and two risk neutral agents, Agents A

and B. Agent A is the upstream agent or first in the production line, and Agent B is the
downstream agent and second in the production Eaeh agent contributesfort, ee {0,
1}, i =A, B, andeach agent hame cost of effortge’. AgentsO joint, observable output;js

j € {g, b}, which depends on the effort of Agents A and B as well as a random state of nature.
The probability ofc depending on both agentsO effort is den’o(bgclle’*,eB), je {g, b}, et e
{0, 1}, € {0, 1}.

There is an interim signa}, k£ € {L, H}, which is produced after the upstream agent
takes his action, but before the downstream agent chooses his effort. The signal depends on
the effort of Agent A, as well as a randatate of nature. Denote tipeobability ofy
depending on Agent AQOs effort/ag, /e* =1)= «;,, and @(y, / € = 0) = a.

A timeline is as in Figure 1. First Agent A chooses his effort, and then the signal is
produced. Either Aget A or Agent B may privately observe the signal. Whichever agent
observes the signal then reports it to the principal. The report of signal is dengtedras

is released by the principal to both agents prior to Agent BOs afati®rt. We assume

that the principalOs communication to the uninformed agent is truthful because the



principalOs report can be verified with the informed agentOs report. Next Agent B chooses his

effort, x is produced and wages,are paid.

Date O De|1te1 Dat|e 2 Dattla 3 Datle 4
Principal and agents | Agent A privately | Signal,y, is Agent B x is observed,
contract, which chooses effort” observed and privately wagesw paid
specifies monitoring | {0, 1} reported to chooses effort
and wages principal, who & €{0, 1}

releases reporty .

Figure 1
The relationship between the sigpand the agentsO outptis indicated by the

conditional probability ok giveny and the agentsO effort, which is denoted:

(1)

(p(xj|eA,eB,yK) = (Xj,yK|€A,€B)/j':'ng-’ (Xj,yK|eA,eB)
forall je {g, b}, ke {L, H} ¢' € {0, 1} and ¢’ {0, 1}. For notational ease, let
o(x, /y,,10) =p2, ! (x,[y,.0.D =0(x, |y,.10) = ps, andp(x,]y,.0,0) = po. Also let
o(x, |y, LD =gz ! (x,]y,.0,D=! (x,|y,,1,0)=g;, and @(x, |y, ,0,0) = gy. The probability
distribution is assumed to display first order stochastic dominance igémns® efforts and in the

signaly. This means that, >p; > p, andq, > q; > gy and thap, > ¢, p; = g1, po = qo. First order
stochastic dominance in the signal means that the sigisimore productive or that high output
is more likely with the beér signal. Furthemssume that, Bp; > ¢, Bg;, which means the
marginal productivity given the signgl is more than given the signal The marginal

probability ofx (i.e., with no observation 99 is ! (x, |eA,eB) =" ! (xj,y,(|e",e3) je {g, b},

'€ {0, 1}, &’ € {0, 1}. The joint probabilities are denoteslx,.y,|e".e"),j € {g, b}; ke

{L, H}, ¢'e {0, 1}, &’ € {0, 1}, and are specified in Table 1.

Joint probabilities
enes | 1 (X,Y,) 0%, Y ) I'(x,.y,) o(x,,y,)
1,1 prey (1bp2)e, g:(1-o) (- ¢))(L-)
1,0 pia (1bp)e, q:(1-o) (- g/)(L-a)
0,1 pioy, (1-pray q:(1-0y) (- g/)(1-o)




| 0,0 pyay, | (1Bpo)ay | qo(1-ay) [ (1 g0)(L-e) |
Table 1

Generally, the principalOs problem is to minimize payments subject to both agentsO
participation constraints (or individual rationality constraints, IR), wigicbure that each
agent will at least earn his reservation wage, which we normalize toEaeh.agent has
incentive constraints (K and IGB), which differ because of the timing of the signal in
relation to their choice of effort. For Agent A, the information comes after choosing effort,
and thus his incentive constraints are ex ante, buAf@nt B the information arrives before
his choice of effort and his incentive constraints are ex post. Also, both agentsO incentives
will differ depending on whether the signal is privately observed and whether Agent A or
Agent B is the monitor. The folang is the principalOs problem with a public monitor, or

when the principal and both agents observe the signal:

PPM = A"{lgl pzal( W:H +W:H )+ (1 ng) al( W:H +W5H ) + qZ(l_al)(W:L +W:L) + (1_ %)(1‘

o) (W + W)
S.t.

P20y w, + (1Dp) oyl + qa(l-cr) W, + (- g)(L-c) W, -c20,i= A, B (IR-)

P20y Wy, + (1Dps) aywy, +qo(-o) wly + (- g2)(1-a) wy, - 2

p] 0!0 W:H + (1 Dp]) 060 WbAH + qo(l—Oll) WgAL + (1‘ q1)(1-060) W?L (IC'A)
p2Wy, + (IBp)wy, -c2p,wg, + (1Bp)w,, (IC-B, yu)
W, + (L g)wy, -czqiwy, + (T q)w, (IC-B, y1)

In the following sections, we analyze different settings and modify the principalOs
problem depending on whether the signal is private or public, whether or not there is a monitor,
and ifso, whether Agent A or Agent B is the monitor.

3.1 Benchmark- Public Monitoring



In this section, the signal is public, which means that the principal and both agents
observe the signal after the upstream agent chooses his effort, but before the donstre
agent chooses his effort. The reason to use public information as the benchmark is to
ascertain the inefficiencies that arise when agents privately observe the signal. These
inefficiencies primarily consist of information rents due to asymmetric inftionadetween
the informed agent and the principal. In this section we only solve the principalOs problem,
and use the payments as benchmarks in the subsequent sections.

The principalOs problem is to minimize expected wages to the agents subject to limited
liability and participation and incentive compatibility constraifté/ith a public signal, the
principalOs problem is to solve prograt{. Because the interim signals produced after Agent
A chooses effort, Agent AOs incentive compatibility congtfia 4) ensures that ex ante the
agent will choose high effort given the other agent chooses high effort, based on prioss about
andy. Because the interim signals produced before Agent B chooses effort, Agent BOs
incentive compatibility constrairftC- B) ensures that ex post the agent will choose high effort
given the other agent chooses high effort, given

The solution is as follows For Agent A, the-}Os binding, which means that Agent AOs
incentive constraint can be rewritten asof - p; o) wi, +[(1 - p2)a;,— (1 - p1) ] W, + [g:(1-) -

A

qo(L-a)lwy + [(1- g2)(1-) - (1- q1)(1-0x)] wy, = c. Thus there are four distinct possibilities for

payments:
a) wi, = —©  andall othew' =0
P — P&,
A ¢ A
b) w,, = and all othen” =0

) @),

8 We assume that the benefit to the principal of production is sufficiently large so as to motivate the agents to both
choose high effort.



_ c
q,(1-o)-0q(1-«,)

c) W) and all othem” =0

d) wh = < and all othew” =0
(1 g)@ ")t @ g)ar ")

Comparing the possible contracts, it denshown that contract OaO is always cheaper than

contract ObO and contract OcO is always cheaper than conttddti©@@ves the comparison of

contract Oa0 and OcO. Contract Oa0 is cheaper than contpagh @O, if,) - poq ;o (1 - o) <

1 ! .
p2q20,(1-a))-pi1g0(1—-a,), or if ui > O—p]; otherwise contract OcO is less costly.

(1' ”1) qz 'Ilpz

1- ! ~
( O{“)i > P , then agent AOs payments are

Therefore, if
(l_al) qz , 1p2

C
Wy, = —————, Wy =w,, = w, =0
p,0 — PO,

(1| ”O)&<!0p1

, then agent AOs payments are:
a"nge 1.p

andif

c
wh = W, =wi =W, =0
“gq(-a)-gq-a) i

Agent A is paid a bonus when the joint outpilis good, but whether the bonus is paid
when the high signal is observeg, or when the low signas observedy;, depends on the how
informative the signal and the output are about Agent AQs effort, or the likelihood ratios. Also,
Agent AOs payment depends inversely on the marginal productivity of his effort, depending on
which signal was observeWith higher marginal productivity the payment is lower because the
principal does not need to provide as strong incentives.

For Agent B, the solution is much simpler. Both incentive constraints are binding, and

. - ! ¢ 1-p)oc
4 Contract @0 is less costly than Ob&iﬁﬂg < (1= p,)o,
pz‘l 1 p1‘, 0 (l—pz)al _(I—P,)%

p2)oy,— pi(1 - p2)ay, or rearrangingp, o, - p;0,>0, which is true. Similarly for contract OcO and OdO.

orpy(1-pr)o,— pAlBpr e, < py(1-

10



payments are:

C
wh = Wy, =0, W) = , W =0
pz_pl qz_ql

Agent B is paid a bonus when the joint outpyis good, but the amount depends on the signal.
When the signal is high, o, the payment to Agent B is lowerailh when the signal is low, or

with y;. With yy, the agentsO joint output is more likely to be high, so the principal does not need
to provide as strong incentives as whelis observedAlso note that Agent BOs payments depend

inversely on the marginal pductivity of his effort.

Pulling the payments for both agents togethe$—|-f—) ql , then expected
l-a)0, « p2

payments are:

p20ou(wh, + W, ) +qx(1 - o) wy,

1- !
( ) 9 < Lobs then expected payments are:
(1 a)a, !.p,

P20y Wy, +q5(1 - ay)( WjL +w)

For Agent A, the optimal contract clearly depends on the ex ante likelihood ratios, which
indicate how informative output is about hi$oef given signal. For instance, if high output given
the low signal is more informative than high output given the high signal, then the expected
payment given the low signal is higher than the expected payment given the high signal. Because
Agent B is iformed at the time of making his effort choices, the payments do not depend on the
likelihood ratios, but rather are tailored to the signal.

Note also if the signal is not at all forwalabking and is only indicative of Agent AOs

1_
effort, or if p, =¢, andp, = ¢, then the left hand side of the condition becoé—mesa—”) and the

(I-a)

/
right hand side becomé;si . In that case, the left hand side is always bigger than the right hand

"l
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side, which means the only feasible dant is to pay Agent A when output is good and the signal
is high. Also, Agent BOs payments will not depend on the signal. However, as the signal becomes
more forwardlooking or ag, moves further away fromp, and ag; moves further away fromp,,
then tte principal will reward Agent A for the low signal, and Agent BOs payments will depend
on the signal.

In the subsequent sections, we analyze the principalOs problem with no monitor and
with either agent acting as the monitor. Then we compare the caggrivhte monitor with
no monitor in order to determine whether the principal ever prefers the agents remain
uninformed, and we also compare the expected cost of when each agent is the monitor, in
order to determine the principalOs preferences and theioosditr the choice of monitor.
3.2 No Monitor

In this section, neither the agents nor the principal observe the signal. The purpose
of this section is to establish the optimal contract when none of the parties are informed.
This can be used in the subseqtisections to determine whether the principal prefers if
agents are uninformed. In subsequent sections, we analyze first the case when Agent A is the
monitor and then the case when Agent B is the monitor and in each case we determine the
conditions undewhich the principal prefers if agents are uninformed.

The principalOs problem is similar to above with a public signal, except that payments
are only based on the joint outpuf,and with no knowledge of the interim signal both
agentsO incentive coratrts must be based only on priors abauThe only difference
between the agentsO incentive constraints is that the upstream agentOs action affects not only
the joint outputy, but also the interim output (although it is not observed). Agent BOs

effort only affects the joint outpuk,. The principalOs problem with no monitor is denoted

P", and is the same as progra&t’ but modifiedas follows. First,w!, = w/, andw,, = w; ,i =

A, B, and second, the agentsO incentive constraints are as follows:

20, + q2(1-c))(W ) + [(1Dp2) o, + (I g2)(L-)(w; )- ¢ =

12



(P10 + q:1(1- ap))(Wy ) + [(1Bpr) oy + (I q1)(1-a)](w;) (1Cc™-4)
20, + q2(1-c))(w; ) + [(1Dp2) oy + (I g2)(L-a)] (W) - ¢ =
[proy +qi(1-a)l(w; ) + [(1Bpro; + (I g1)(1-c) ] (W) (1c™-B)

The solution is as followssor agent A, the I&"-4 is binding, and payments are:

C
wh = w' =0

’ p2, 1" pl’ 0 +q2(1" I l)Il ql(ln , 0) '

For agent B, the I®-B is binding, angpayments are

Cc
wWe = f:

, W
Y oa(p,-p)+(A-o)(9,—-q)

Expected payments are:

[P, +0,(1-2)c . [po+g,(-a)lc
po, —po, +q,(I-a)-q(l-eo) o (p,-p)+(@1-a,)(0,-0q)

With no information except the joint output,agents are paid a bonus only when joint
output is good, unlike with public inforation when the principal could tailor payments to the
signal. With no information about the signal, payments are based inversely on the marginal
productivity for both signals. For Agent A, the marginal productivity is ex ante and reflects the
fact that hs effort affects both the unobserved signal and the output, while for Agent B, the
marginal productivity is ex post, given each possible signal and reflects the fact that his effort
only affects the output.

Compared to the public monitor setting, the@oted cost of Agent AOs payment is
always more costly with no monitor. With a public signal, the principal only needs to make a
payment to Agent A when the signakisher high or low depending on the likelihood ratios, but
without knowledge about the sigl, the principal must pay the agent regardless of the signal. Due
to the timing of the signal, Agent AQs incentives to work are unaffected by the signal. Public

information therefore is always beneficial with regard to Agent A because it provides more

13



information on which to base payments.

With Agent B, the expected payment with no monitor may not be more costly than with a
public monitor. With the public monitor, the principal makes a payment to the agent when the
signal is high and with a low signal, filhe amount depends on the signal. With public
information the principal can tailor the payments, basing the payments on the ex post marginal
productivity. With no signal, the principal must make the same payment to Agent B, based on
marginal productivityof both signals. If the signal is high, then the payment with no monitor is
higher than with a public signal, but if the signal is low, then the payment with no monitor is
lower than with a public signal. Which of these two effects dominates depends/ahehsignals
vary, in terms of expected productivity.

In the next two sections, we consider the case where each agent can be the monitor. The
job of the monitor entails observing the signal and reporting it to the principal, who then releases
the reporto the other agent.

3.3 Agent A is the Monitor
In this section, Agent A acts as the monitor, which means that Agent A privately

observes the signal after choosing his effort, and then repoftgo the principal. From the

Revelaton Principle (Myerson, 1979), we restrict our analysis to truthful reporting. The principal
releases Agent AOs report to Agent B, prior to Agent BOs choice of effort. We assume that the
principalOs release of information can be verified via Agent AQs seqbthus we do not require
truthtelling constraints for the principal.

Because at the time Agent A takes his action he has not observed the signal, his strategy
consists of two effort choices and four possible communication strategies. Agent A@dn rep
truthfully, always say OHO, always say OLO, or say the opposite. Altogether, including effort and

communication, Agent A has eight possible strategies, where the actual signakis ¢* = 1

and(9,9.),¢"=1and@3,.9,),e* =1and($,,9), " =1and($,9),e" =0and($,9,), "
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=0and(,.5,), ¢ =0and@,.5,),¢* =0and(9,9).°
Agert BOs incentive constraints are for each possible report of the signal, as announced
by the principal. Agent BOs incentive constraints are ex post, because the report is released before
Agent B chooses his action, and are the same as when the signablielg pbserved. The
principalOs problem with Agent A as the monitor is denBtethd is the same & excepty is

replaced withfand the incentive constraints are modified as follows:

P20y Wy, + (1Dp2) aywy, +qx(L-o) wi + (1 g2)(1-00) Wy - ¢ 2 pros, Wi, + (1 Bpi) o Wy,

+q(L-a) wy, +(1- g)(L-a) Wy, -en, m =L, H , {k, n} ={2,1}, {1, O} (IC*-4)
p2w., +(ADp)w, -c2p; w;ij +(1Dpo)w;, (ICA-B, Vi)
W + (L g)w -c2qiws +(1-g)w (IC-B, y1)

The solution is as follows. Given Agent AOs possible strategies, there are seven incentive
constraints for Agent A; the strategy of traéilling and working had must be preferred to all of
the other possible communication and effort strategies. The two constraints that ensure Agent A
prefers to work hard and tell the truth to working hard and always saying OLO or always saying

OHO are as follows:

P20ty w:[_} +(1Dps)aywy +q2(l-a) W:p +(1- g2)(L-o)w'. -c 2

P20y W:H +(1Dps) oW, +g2(l-x) W:H +(1- ) (L) W, - ¢ (IC*-4; H,H)

A

p2oywi,+ (1Bp2) aywy, +qa(1-a)wy, +(1- g2) (o) wy, - ¢ 2

glo
paoywl + (1Bp2)oywy, +qx(lra)w +(1- g2)(1-o) W, - ¢ (IC*-4; LL)

(IC-4; H,H) can be rewritten as:

QZ(l'al)( W:L - W:g )+ (1' QZ)(l'al)(W& 'W:H ) 20 (1)

5 See Demski (2008)nd Dye (1983) for an elaboration of the ex ante incentive constraints.
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(IC-4; L,L) can be rewritten as:

pro( W;;p - W:@ )+ (1Dp2) o W:H'P _W:L) >0 )

In order to satisfy both of these incentive constraim£§,= w:p and w:@ =w’,. Then d of the

communication incentives are satisfied and the only consideration is the incentive to work hard.
From any of the constraints that ensure working hard and telling the truth are preferred to not
working hard and any communication strategy, paymiemtdgent A are the same as with no

monitor:

¢
wh =wt = wh =w* =0

pzocl—p](x0+qz(l—al)_ql(1_ao)- br bi

For Agent B, the solution is the same as with public informatiahpayments are:

W, = , Wo, =0, W, = ¢ , Wo=0.
P~ P, %' 4,

Expected payments to both agents are:

p,ox.c + q, (1_ al)c + [ p,o, +4, (1_ 061)]C
p,— D 49,4, p,o, — pe, +0,(1-a)-q(1-e,)

From the expected payments to Agent A, it may seem that communication of the
observed signal is not strictly valuable to the principal. Agent AOs payments do not depend on the
reported information, and are the same as when there is no mongaeddon is that the
potential benefit from communication in terms of reducing Agent AOs payments is lost because of
the incentive cost of truthful communication. However, because the report of the signal is used in
contracting with Agent B, it is usefulowever, despite the usefulness with Agent B, the
principal may prefer that both agents remain uninformed. Comparing expected profits with Agent

A as the monitor to expected profits with no monitor yields the following result.
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PROPOSITION 1The principal will prefer no monitor to Agent A as monitor if and only if S >
q

2

&; otherwise the principal prefers that Agent A is the monitor.
p,

Proof: All proofs are in the Appendix.

The difference between Agent A as thenitor and no monitor is due to Agent BOs
expected payments. In order to provide communication incentives to Agent A, the principal must
not base payments on the reported information. Therefore, the question is whether or not the
principal ever wants to rggct information to Agent B. Surprisingly, the answer is yes, but it
depends on the ex post likelihood ratios, which indicate informativeness about the agentsO output
depending on whether the intermediate signal is high or low. If output is more infeeméiten
the signal is low than when it is high, then the principal prefers to keep Agent B uninformed.
Comparing Agent BOs expected payment with information and with no information, if the signal
is high, then it is less costly for the Agent B to be infed than uninformed, and vice versa if the
signal is low. Thus, the effect when the signal is low dominates when the likelihood ratio with the
low signal is higher than with the high signal. Also note that the principal only wants the agents
to be uninforned if the signal is at least somewhat forwhrdking. If the signal was completely
backwardlooking, or ifp, = ¢, andp; =¢q;, then the condition in Proposition 1 would be
impossible, and the principal would always prefer that Agent A is the monitonovaonitor.

In the next section, we consider Agent B as the monitor, and we consider whether or not
the principal prefers Agent B as the monitor to no monitor, and we also determine the principalOs
preference over Agent A or Agent B as the monitor.
3.4Agent B is Monitor

In this section Agent B is the monitor, which means that Agent B privately observes
the signal after Agent A has chosen his effort, but before choosing his own effort. Agent B

reports the signal to the principal, who announces it to Adedust like in the previous
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section, we assume that the principalOs report can be verified with Agent BOs report and thus
truthtelling constraints for the principal are not necessary.

Agent B observes the signal prior to choosing effort, so his incectiveraints are ex
post, which means that for each signal, Agent B must be provided incentives to work hard and to
tell the truth. Given the signal, Agent B can either work hard or not, and also can either tell the
truth or lie, which means that for eadrsal, there are only three constraints. Agent AOs incentive
constraints are ex ante and motivate Agent A to work hard based on prior beliefs abdut
Similar to when the signal was public, the payments are based on Agent BOs report of the signal.
The principalOs problem is denoted?asind is the same & excepty is replaced bypand

the incentive constraints are modified as follows:
paoywi,+ (1 bpy)o, W +q:(1-) wio o+ (- ) (L)W -c2
p1060W:ﬁ +(10p;) oW, +q:(1-0) W:[ +(1- g)(L-op) W, (ICB-4)
pawl, +(L-p)w, -c2
Dk Wy +(1-pi)w,,-cn, m =L, H {k n} ={1, 2}, {0, 1} (ICB-B, y)
qg:w! +(1-g2)wy, -c2
gi wh+ (1- gy wt, -cn, m =L, H,{k, n} ={1, 2}, {0, 1} (ICB-B, y1)
Similar to when Agent A is the monitor, the solution involves starting with the following
constraints for Agent B. First, given the signgl Agent B must prefer erking hard and telling
the truth to working hard and lying, or:

q2wy; + (L q) W, - c2 g2 Wiy + (I g2) Wy, - ¢ (IC-B, y1)

which can be rewritten as:

q(Wog - wi) + (- g2)(wy -w,) =0 -
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Also given the signaly, Agent B must prefer working hard and telling the truth to working hard

and lying, or:
pgw; +(1-p)wy, -c2p; W:ﬁ +(ABp)w,),-c (IC-B, yn)
which can be rewritten as:
PAWE, - W)+ (- po)(WE -WE,) 20 (4)

B
[N

Note that (3) is the same as (1) and (4) is the same as (2), anw;pus,wfi andw’ =w
The remaining problem is that Agel must be motivated to work hard given both signals. The
solution comes from a binding incentive constraint under the low signal, because with lower

productivity, the agent must be paid more to work hard. To see why, assume that the incentive

constrainto work hard under the high signal is binding, which meanijHatz WgB@ =_¢ ,

pz! pl

5 _ . . , . . .
andw, = w;. 0. Replacing these payments in the incentivestraint under the low signal,

Agent B will not be motivated to work hard. Therefore the incentive constraint under the low

signal, will be binding and payments to Agent B are:

B c B_

q,'q,

The payment to Agent B differs from the public monitor setting in that with private
information, the principal must make the same payment to Agent B regardless of his report, in
order to povide incentives to report truthfully. With a public monitor, the principal could base

payments on the signal. For Agent A, given that the principal has information about the signal,

. . . (-0 o
the solution is the same as when information was pubh&l—f—(‘)i > &P then payments
(1 _al) qz al pz
are
A _ c A A — A
Won = » Wy =Wo = W, = 0
pZal _p]aO
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(1—0{0)& < o,p,
(l_al) qz alpz

and if payments are:

A c A A

wi = ,Woo=wh =w =0
o gl-a)-q(1-a) "

1" !
Pulling together the payments for Agent A and Agent E%i:lf "0)% > p P , then expected

1) 2 )
payments are:

plc , [po+g,(-a)le
pz', 1 ! p]" 0 9,4,

1! n a
( i % ¢ %P then expected payments are:
(It "q,  op,

and if

qz(l_a])c + [pzl 1+qz(1" ! 1)]C
qz(l_al)_q](l_ao) qz i q]

Given that Agent B observes and reports the signal after Agent A has taken his action,
and Agent BOs payments do not depend on the communication, it may seem that communication
is not useful. However, from the optimal contract above, the repirt@omation is useful in
terms of reducing Agent AOs payments. Recall from the section above with no monitor that Agent
AOs expected payments are always lower with public monitor than with no monitor. Clearly, if
Agent B is the monitor, the benefit to thencipal is in reduced cost of Agent A. However,
comparing expected payments to Agent B, it is always less costly with no monitor than to allow
Agent B to be the monitor. Whether or not the principal prefers Agent B to be the monitor
compared to no morit depends on whether the savings from Agent AOs expected payment is
more than the cost of increased payment to Agent B. The following proposition states the

conditions under which the principal will prefer no monitor to Agent B as the monitor.
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"
PROPOSITIONZ: The principal will prefer no monitor to Agent B as monitor if (l—o)q‘ >

(It " )a,
1t ) pad .t ! "y |-
aOp] andX > 1 + [p2q1 1(1 - 0) pl 2" 1(1 : 1)][ 1y+ (1 - 1)Z] Orl:f‘ (1 0)q1 < aopl and
P, z et " pd ) v w+2)[pt! 40, )] @ar)q, op,
) " I " ) "
Y51+ [pll‘qz' 1(3' - 1.). P9y 1(:!: Pl y+ (@ 1)2]" ; otherwise the principal
z Fla,@" 7)™ q@* It v I w+2)[p!, +0,2" /)]

prefers that Agent B is the monitor.*
*wherey =p>—p;, z=q>-q1,v=p>—q, andw=p, —q,.

From Proposition 2, the principal sometimes prefers that the agents nemrafiormed
rather than allow Agent B to be the monitor, but it depends on whether the ex post marginal
productivity given the high signal is high enough relative to the ex post marginal productivity
given the low signal, or it depends on the ratio As y gets close te, or asp; gets close tq;
andasp, gets close tq,, then it is less costly for the principal if Agent B is the monitor, because
the signal is more backwatdoking. Note that the condition in Proposition 2 is stronger than in

Proposiiton 1, in which the principal preferred no monitor to Agent A as the monitor. If the

- ao)ql > D,

condition in Proposition 1 holds, orgf/q, > p;/p, then
(1_ al)q2 a.p,

and from Proposition 2,

another condition must hold in ondier the principal to prefer no monitoring.

Finally, we compare whether the principal prefers one agent to be the monitor, either
Agent A or B. Regardless of who the monitor is, the principal uses the reported information to
inform the other agent and tetermine the pay of the other agent, the same as when information
is public. Thus the potential benefit to monitoring is in the reduced cost of the agent who is not
the monitor, but whose payment is lower because the principal is informed. The cost to
moritoring is the additional incentive cost of the agent who privately observes the signal.
Whether or not there is a net benefit to having a monitor compared to no monitor depends on

which agent is deemed the monitor.
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If Agent A is the monitor, then the exgied payment to Agent A is the same as with no
monitor but the expected payment to Agent B is not always lower compared to no signal;
providing incentives to Agent B to work hard given the signal can come at too great of an
incentive cost. Making Agent A& monitor does not increase the cost of Agent A compared to
no information because Agent A observes the signal after choosing effort. The overall net benefit
to making Agent A the monitor is only the potential reduced cost of Agent B. When Agent B is
themonitor, there are definite costs and benefits. Agent AOs expected payment is always lower
with public information than with no signal, which means that when Agent B is the monitor, the
benefit is the lower cost of Agent A, who does not observe the sidoalever, Agent BOs
expected cost is higher than with no monitor. Overall, making Agent B the monitor has a net
benefit if the reduced pay of Agent A is more than the additional cost of Agent B. The following
proposition states the conditions under whioh principal prefers Agent A to Agent B as the

monitor.

[
(1' O)ql > aopl andz

PROPOSITION 3The principal prefers that Agent A is the monitor if ~
A" e, op, z

@y I (" ! -
>1+ y[pz h’ 1(1" 3 o) p1 7y 1(1 . 1)] ori (1 ao)ql < aop1
p2! l(p2! 1

- and2 >1+
) v wtZ) (I-a)q, ap, z

ypg,o(1-a)—pgo (1-o)]
polqg,(1-a)—q(1-a)l(oyv—aw+tz)

; otherwise the principal prefers that Agent B is the

monitor. *
*wherey =p;—p;, z =q>-q:,v=p>—q andw =p; - q..

The condition inProposition 3 is very similar to the condition in Proposition 2 and is
stronger than the condition in Proposition 2,#fy, > p;/p», which is the condition in Proposition
1. This condition means that Agent BOs expected payment is more costly witlinpoistiation
than with no information, which means there is no benefit to having Agent A as the monitor. If

ylz is small enough, the principal prefers Agent B as the monitor rather than no monitor and also
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prefers Agent B to Agent A as the monitor. The gipal will only prefer Agent A as the monitor
rather than Agent B as the monitor for very high valuggzoin which case the principal also
prefers no monitor to Agent B as the monitor. Howevey,/if, < p,/p,, then Agent BOs expected
payment is lessostly with public information than with no information, which means there is a
benefit to having Agent A as the monitor. Thus the principal will only prefer Agent A as the
monitor rather than Agent B as the monitor for intermediate levels.of

Examinirg the condition in Proposition 3 more carefully, Agent A is the preferred
monitor as long ag/z is big enough, which means that the more forward looking the signal, the
principal prefers Agent A to be the monitor. The more forward looking the signalit kenore
costly to make Agent B the monitor because he observes the signal prior to choosing his effort,
which means he earns information rents, based on his private information.
4.Conclusion

This paper studies whether an upstream agent or a dowmsagent should generate
private, interim information, depending on the forwérdking qualities of the signal. The
effect on incentives and the conditions under which the principal prefers no information
depend on which agent observes the sigh#he upstream agent observes the signal, the
principal prefers no information if output given the low signal is more informative about agentsO
efforts than output given the high signal, because of higher expected payments to the downstream
agent. If the downstean agent observes the signal, the principal prefers no information when the
signal is more forwardboking due to higher information rents to the downstream agent even
with the reduced cost of the upstream agent with more information on which to basefsayme
Whether the upstream or downstream agent should observe the signal also depends on the
signalOs forwasidoking quality. If the signal is forwartboking enough, in order to reduce rents,
the principal prefers the upstream agent observe the sigealtleough it is costly disseminating

the information to the downstream agent.
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The results have important implications about the production of interim information not
only within an organization, but also externally, for example, among firms in a sugty ch
While generating and sharing information clearly improves coordination in joint production
settings, it is crucial to consider the effect on incentives. The results of the paper suggest that
whether or not interim information should be generated aepdrted depends critically on its
forward-looking qualities and whether it is produced upstream or downstream.

In our setting, in order to focus solely on incentives, the interim information had no effect
on the agentsO productive decisions. Future vearlkl @ntail both the incentive effect and the
effect on decisiommaking. For instance, incorporating both aspects of the generating and sharing
information may provide new insights into the comparison of team (or simultaneous) production

and sequential pduction.
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Appendix
Proof of Proposition 1 The principal will prefer no monitor to Agent A as the monitor if

expected profits with no monitor are lower than with Agent A as the monitor, or if

[P0, *q,0-0)le L Ip+a0" e ple  g@-a)
pzal_p]ao+q2(1_a1)_q1(1_a0) !1(p2" p])+(1"!1)(q2" q]) pz“ pl qg_ql

[P} +q,(d" ! Dle
pz.,l" p].’o+q2(1" I l)u q](l“.’o)

, or simply if expected payments to Agent B are lower with

[p,o, +q,(1-a)]c < p,! ¢ N q,(1' " e
o(p,—p)+(-a)q,—q) p," p q,' q,

no monitor, or . Rearranging, anettingx

=p, Bp; andy = ¢, Dg,, this inequality will hold ifp,axy + g2(1 - o)xy <pso’xy + proy(l -

4. P
qZ p2

o))y +qou(1- o)x’ +¢:(1- a)’xy. This is true ifgox - p,y > 0, or if

Proof of Proposition 2. The proof is in two parts.

o(l-o
& > &, then expected profits with no monitor will be less than expected profits

ao(l_al)qz p,

1.1f

! 1"/
with Agent B as the monitor if— LP, 1+q2(" 1")]c -
p2! 1 pl’ 0 +q2(1 I 1) ql(l , 0)

[Py +q,1-a)lc  _  pec | [po+q(-a)e
Otl(p2 - Pl) +(1- 061)(q2 - ‘Il) p,o, — P, q,—4,

. Rearranging, letting =p, b

P99, (1 B OCO) - p1q2a0(1 —Q, )
(p,o, —po)lp,a, —po, +q,(1-a)—q(1-c)]

prandy =g, Dgq;,

(X" et +0,1" 1)
vl x+@" 1)yl

. Rearranging again and letting=p, Bg, andz=p,; Dq;, y{[ p2g:0u(1

- ) Ppi1g206(1- og)][oux + (1- oq)y] < au(x Dy)[p20y + g1 - 04)](p200 Dprog)(ugw - oz +

! " ! " ! "
y)' Orﬁ > 1 + [pzq]' 1(1 - 0) pqu' 1(1 - ])][' 1X+(1 - ])y] )

y pt el ¢ whlz+eyip! 40, )]
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nattye

ra) , then expected profits with no monitor will be less than expected profits
! ' )q P
0 1 2 2

2.If

o +g (l-o
with Agent B as the monitor i [P0, *q,(= )l
pzal - plao + 6]2(1— (Xl) - q1(1_ ao)

[P, +0,A-e)le  _  g(@-a)  [Po+q,(1-a)lc
al(pz - p1)+(1_ a1)(q2 _q1) qz(l_ (xl)—ql(l— OCO) g,-q

. Similar to the

algebrain part 1, it can be shown that> 1 +
y

[pg,0,(A-a) - pgoe, (1-a)llox+(A-a)y] =
o,[q,(1- o) - g (1~ o)l (ew— 0, z+ Y)[ p,or, + 0, (1-0t,)]

Proof of Proposition 3 There are two parts to the proof.

1-—
M > &, then expected profits with Agent A as the monitor will be less than with

1. If
a,(1-a)dq, p,

— I "
Agent B as the monitor if PO G- 0y + . Lp; 1+q2(..1 : 1..)]C "
P,— B q,—-q pz" 1 pl" 0 +q2(1 ! 1) q1(1 ! o)

pac , Ipl a0 1 e

. Rearranging, letting = p, Bp; andy = ¢, bg;,

pZal - plao q, ! q,
r@atr)" pg! @! o, (X—
- LT - o) P ""( "1) - <P (X Y) . Rearranging again and letting
(pg' 1 pll 0)[p2' 1 p]_, 0 +q2(1 , 1) ql(l , O)] Xy

w=p; Dq; andz=p1 Dq1,y[p2q1051(1 - a())x Dp1q2050(1 - a1)x]< pgoq(x Dy(pgoq Dp1a0)( ogw -

X[ pg,e,(1-a,) - p,go,(1-o)]
p,olq,(1-o,)—q(1-o)(ew-c,z+Yy)

X
oz +y),or— >1+

roanr!
2. 1If H <h , then expected profits with Agent A as the monitor will be less than with
"o 1 qz pz

I'c " o +q,(l-a
Agent B as the monitor i!pzu — + .0t 7 ) + Lp.2 4, (- 0t)le
p" P 4" q, p,0,—po, tq,(1-a)-q(1-)
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< qz(l_a])c + [pzal +q2(1—061)]C
qz(l_al)_q](l_ao) qz_ql

. Similar to the algebra in part 1, it can be shown

atro" I a"!
thaté >1+ x[plquz 1(" 1)" pz 1 1( . o)] )
y p,! [g,A" )" q A" DI wh ! z+y)
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