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Abstract

This paper offers an explanation for audit committee failures within a corporate gover-
nance context. We consider a setting in which the management of a firm sets up financial
statements that are possibly biased. These statements are reviewed/audited by an external
auditor and by an audit committee. Both agents report the result of their audit, the auditor
acting first. The auditor and the audit committee use an imperfect auditing technology. As
a result of their work they privately observe a signal regarding the quality of the financial
statements. The probability for a correct signal in the sense that an unbiased report is la-
beled correct and a biased one incorrect, depends on the type of the agent. Good as well as
bad agents exist in the economy. Importantly, two good agents observe identical informative
signals while the signal observed by a bad agent is uninformative and uncorrelated to those
of other good or bad agents.The audit committee as well as the auditor are anxious to build
up reputation regarding their ability in the labor market. Given this predominate goal they
report on the signal in order to maximize the market’s assessment of their ability. At the
end of the game the true character of the financial statements is revealed to the public with
some positive probability. The market uses this information along with the agents’ reports
to update beliefs about the agents’ types. We show that a herding equilibrium exists in
which the auditor reports based on his signal but the audit committee “herds” and follows
the auditor’s judgement no matter what its own insights suggest. This results holds even
if the audit committee members are held liable for detected failure. However, performance

based bonus payments induce truthful reporting at least in some cases.
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tracts

*A former version of the paper was titled "Corporate Governance, Reputation Concers, and Herd Behavior".
We acknowledge helpful comments by Joel Demski, Jack Stecher, Alfred Wagenhofer, and by participants at the
Accounting Research Workshop 2007 in Fribourg and the VHB conference 2009 in Nuremberg.



1 Introduction

Over the past decade institutions in various countries made considerable efforts in order to
improve corporate governance structures. For instance the "Sarbanes Oxley Act" (SOX) resulted
from such effort in the US, "The Combined Code: Principles of Good Governance and Code
of Best Practice" in the UK, and the "German Code of Corporate Governance" (GCCG) in
Germany. The list could be extended easily.!

One of the main objectives of these regulations is to improve the quality of financial reporting.
To achieve this, special attention has been devoted to audit committees and the way they are
composed. For instance firms listed at the NYSE are required to maintain audit committees
composed of all independent directors.? In addition the SOX requires these firms to disclose
to the SEC whether they have a financial expert on the audit committee.? Similar regulations
apply in Germany. In particular the German Stock Companies Act requires that at least one
independent financial expert serves on the supervisory board of listed companies. Moreover, the
GCCG recommends to set up an audit committee as a sub-committee of the supervisory board

whose chairman should be a financial expert.?

The underlying idea of such recommendations of course is that independent and highly qualified
audit committee members would effectively monitor the reporting process of a firm, detect audit

errors, report their findings truthfully, and thus enhance reporting quality.

To provide some anecdotal but well documented evidence, e.g., the case of Enron seems to
be at odds with this idea. Enron’s audit committee comprised a number of independent and
presumably highly qualified experts but obviously did not oppose to dubious accounting practices
of both, the management and the auditor.® Certainly, this startling failure may be regarded as
an unfortunate, exceptional case in which an audit committee, highly qualified and acting for
the best, was fooled for some reason. Alternatively, it might be worth it to consider the potential
existence of adverse incentives that persist after independence and adequate capabilities have
been ensured. Following the latter idea, we model audit committee members as economic agents

pursuing personal goals that are in potential conflict with investors’ interests.

Specifically, we assume that career concerns matter and that audit committee members aim
at building reputation in the labor market. This is in line with previous contributions to the
literature. E.g. Fama and Jensen (1983) and Zajac and Westphal (1996) state that a primary
incentive for outside directors to effectively monitor managers and their financial reporting is
to enhance reputation in the labor market for outside directors. Yermack (2004) empirically

quantifies that statement and finds that 40% of total outside director incentives are related to

'For a comprehensive overview see http://www.ecgi.org/codes/all _codes.php.

2For more details on specific listing rules see Klein (2006), pp. 4f.

¥See Sec. 407 of the Sarbanes Oxley Act.

*See §100 (5) of the German Stock Companies Act and section 5.3.2 of the German Corporate Governance

Code.
’See, e.g., Benston and Hargraves (2002), Demski (2002), Revsine (2002).



reputation, which basically drives the chance to get and the risk to loose directorships.

Reputation, however, is likely to suffer severe damage if financial reporting failures are detected.
This manifests itself for instance in an significant increase in the number of board turnovers
and losses of other board positions of outside directors (audit committee members) following an
accounting restatement, as documented by Srinivasan (2005). A similar effect has been shown

for directors whose companies suffer bankruptcy (Gilson 1990).

In this paper, we add a particular aspect when we model the market’s response to financial
reporting failures. Basically, we assume that the reputational loss for an audit committee that
fails to detect financial fraud is less severe if the auditor is fooled, too, and vice versa. Moreover,
reputation of the audit committee is assumed to suffer extreme damage if the auditor does not
object to the financial statements presented by the management, the audit committee does so,
and finally the financial statements turn out to be correct. The underlying idea is that with
both parties being fooled some “sharing the blame” effect occurs that renders the labor market’s
reaction to a failure moderate. If only one is fooled, however, the one fooled suffers great losses

while the other one’s reputation rises.

Our analysis is based on a learning model closely related to the one introduced by Scharfstein and
Stein (1990). We assume that in an economy an exogenously given percentage of the financial
statements is biased (does not comply with GAAP). The financial statements are audited by
an auditor and by an audit committee. "Auditing" in what follows is used in a broad sense
noticing that the auditor and the audit committee do not perform identical tasks. However,
the audit committee is supposed to do "auditing", too, as it closely follows and monitors the
reporting process. Both parties use imperfect auditing technologies and possibly get incorrect
results. They might either conclude from their audit that the financial statements are biased
even though they are correct or fail to detect an existing bias. Both parties have to report on
their audit. Importantly, the auditor acts first and thus bases his report on his ex ante beliefs
and the privately observed result of his audit. The audit committee acting second does the
same thing but additionally considers the auditor’s report when forming beliefs about the true

character of the financial statements.

Even though both parties are assumed to be well educated and qualified, different types of
auditors and audit committee members are assumed to exist. Good types act cleverly and pick
auditing strategies that provide them with valuable information. Thus they obtain informative
results from their audit. Bad ones fail to pick a fruitful strategy and the information received
from the audit is pure noise. Good types, however, are assumed to observe identical audit
results. The type of the auditor and audit committee in place, good or bad, is unknown to
everyone. At the end of the game, after both parties have reported, the true character of the
financial statements is learned at least with some positive probability. For instance, certain
estimates underlying measurement and valuation of assets and debt might either turn out to
be correct on average or systematically biased. More dramatically, sudden restatements, as in

the case of Enron, WorldCom, and the like, may become necessary and thus discover previous



misstatements.

Having learned the reports and possibly the quality of the financial statements, the labor market
updates beliefs regarding the type of the auditor and the audit committee. We show that if
both parties are anxious to build up reputation and report in order to maximize the market’s
assessment of their abilities, there is an incentive for the audit committee to herd and to mimic
the auditor’s report no matter what its private information indicates. This result holds even
if we extend our model and assume that audit committee members are held liable for detected

failure. Adding a bonus payment, however, in some cases cures herding incentives.

Our paper contributes to the literature on opportunistic board behavior. Previous theoretical
work on that issue includes Hermalin and Weisbach (1998), Cyert et al. (2002), Bebchuk and
Fried (2003), Ozerturk (2005), Adams and Ferreira (2007), Drymiotes (2007), and Schéndube-
Pirchegger and Schondube (2009). Cyert et al., Bebchuk and Fried, and Ozerturk stress the
role of the board in determining CEO compensation and analyze effects of an agency conflict
between the board and shareholders on such contracts. In Schéndube-Pirchegger and Schéondube
the board can additionally increase the CEQ’s cost to bias a report via supervisory effort.
Hermalin and Weisbach investigate the effectiveness of monitoring as a function of the board’s
independence from the CEO. Drymiotes shows that a less independent board may increase the
effectiveness of monitoring the CEO and Adams and Ferreira demonstrate the superiority of a

less independent board when the board has two tasks: to monitor and to advise the CEQO.

In contrast, this paper focuses on financial reporting control and refers to the audit committee

as the relevant institution to perform this task.

A similar focus can be found in several empirical papers. Triggered by the recent changes
as described above, e.g., Defond et. al. (2005) investigate whether appointments of outside
directors or financial experts to the audit committee is perceived as good news by the capital
market and thus leads to abnormal returns. Xie et. al. (2003), Klein (2006), and Carcello et.
al. (2006) study the relation between audit committee composition and earnings manipulation.
These papers find some evidence that better corporate governance structures are perceived to

work or indeed work, but naturally do not investigate underlying incentive effects explicitly.

Finally, the paper ties in with the literature on (reputational) herding.> Previous research for
instance identified herd behavior among security analysts and investors.” Herd behavior of audit

committee members to our best knowledge, has not been addressed in the literature so far.

The paper is organized as follows. Section 2 presents the model. In section 3 we consider a
benchmark setting in which the auditor and the audit committee report based on their best
knowledge. Section 4 derives a herding equilibrium where the audit committee mimics the
auditor no matter what its personal beliefs are. Section 5 investigates measures to counteract

herding tendencies and section 6 sums up our findings.

See Devenow and Welch (1996) for a survey over different herding models in financial economics.
"See Welch (2000), Arya and Mittendorf (2005), and Scharfstein and Stein (1990), respectively.



2 The model

We assume that two types of managements exist in an economy. One type is innately honest and
reports truthfully complying with GAAP while the other one does not and biases the financial
report to his personal benefit. The ex ante probability for an honest type, «, is publicly known.
R € {Ry, R:} denotes the financial statement information to be reported by the management. ¢

refers to a truthful report of the honest management and b to a biased one.

The financial statements set up by the management are audited by an independent auditor and
by an audit committee. For simplicity we model the audit and its result in similar fashion for
both agents: The auditor and the audit committee perform an audit which results in a binary
privately observed signal s/ € {s;, s:}, j =A,AC. A refers to the auditor and AC to the audit
committee. The signal either claims that the financial statements are correct and truthful, s;.

Or it claims that the report is biased and thus does not comply with GAAP, sp.

Both agents observe a signal but they do not necessarily observe the same one. Auditor and
audit committee are required to report on their audit, again in binary fashion: M7 € { My, M} ;
either they report that the financial statements are correct, M;, or they report that they are

incorrect, M.

The information inherent in the private signal depends on the type of the observer which is
unknown ex ante to everyone. Two types of auditors and audit committees are assumed to
exist: good ones and bad ones, 7/ € {good, bad}. The probability of being good for both agents

is known to be 67 = 4.

If an agent is bad, the observed signal is pure noise such that

Pr(s¢| Ry, bad) = Pr(s¢| Ry, bad) = m

and
Pr(sp|Rp, bad) = Pr(sp| R, bad) =1 —m.

If one is good, the signal is informative with respect to the true character of the financial
statements. Thus the conditional probability to observe the signal s; (sp) if Ry (Rp) is present

exceeds the one to observe s, (s¢).

Pr(s¢| R, good) > Pr(s¢| Ry, good)

and
Pr(sp|Rp, good) > Pr(sy| Ry, good).

In addition we assume identical probabilities to observe the correct signal for good agents, no

matter whether the report is truthful or biased

Pr(s¢|R¢, good) = Pr(sp| Ry, good) = p.



In turn the conditional probability to observe the wrong signal even though good is identical in

both states of nature, too:
Pr(s¢| Ry, good) = Pr(sp| Ry, good) =1 —p

For the signal to be informative but imperfect we require 0.5 < p < 1.

Importantly, we assume that two good agents receive identical signals, while two bad ones or one
good and one bad agent receive independent, possibly different signals. Given this structure,
the market can update beliefs regarding the agents capabilities not only based on the reports of
both agents taken individually (in combination with R; if revealed at the end of the game), but
draw inferences from whether both agents emit identical or different reports. Identical reports

possibly hint towards identical signals, which are certain to be observed if both agents are good.

All the same, we assume that the signal per se is uninformative with regard to the type of agent.
Put another way, the agents are supposed not to learn anything about their personal type when
observing the signal in isolation. To ensure this we require that the ex ante probability to

observe s; and s; is identical for both, the good type and the bad one:
Pr(s;|good) = Pr(s;|bad). (1)
For signal s; this results in

Pr(s¢|good) = Pr(s:|bad)

< Pr(s¢|good, Ry) Pr(R;) + Pr(s¢|good, Ry) Pr(Ry)
= Pr(s¢|bad, R¢) Pr(R;) + Pr(s¢|bad, Rp) Pr(Ry)
Spat+ (1—p)(1—a)=ma+m(l—a)

S pa+ (1—p)(1l—a)=m. (2)

For signal s; we obtain analogously

(I=pla+p(l—a)=(1-m). (3)

Rearranging terms reveals that (2) and (3) are identical.

In what follows we restrict a = l Doing so eases the analysis and simplifies notation consider-

ably. Moreover, it allows to exclude equilibria that are solely driven by a "conform to the prior"
effect and therefore provide very limited insights. ® As a consequence we are able to derive a
unique pure strategy herding equilibrium at least for given out of equilibrium beliefs. Assuming

_1 1
a = 5 implies m = 3.

8For this argument see also Scharfstein and Stein, 2000, p. 705.
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Figure 1: Timeline.

The timeline in figure 1 describes the course of the game.

The management sets up possibly biased financial statements. These are audited by an in-
dependent auditor and an audit committee. Both parties privately receive a signal about the
quality of the financial statements. As described above, either identical or different signals may
be observed. The auditor releases an opinion, which is either M} or M;, to the public. Having
observed the auditor’s report, the audit committee releases its opinion, again M; or My, based

on both pieces of information, the auditor’s report and its own privately observed signal.

After both reports have been observed publicly, with probability ¢ the true character of the
financial statements is learned. At the end of the game the labor market updates its beliefs
regarding the type of the auditor and the audit committee based on all available information

forming rational conjectures about the agents’ reporting strategies.

With regard to the agents’ objectives we contrast two different settings: We start with a bench-
mark setting that analyzes the reporting behavior of both agents assuming that neither one cares
about the market’s assessment. Both agents try to make truthful and informative statements in

the sense that they report what the information observed indicates.

In the second setting we characterize equilibrium reporting behavior given that reputation con-
cerns matter. The agents are assumed to be interested solely in improving the labor market’s
assessment of their own capabilities. Thus they choose their report M, or M; in order to in-
fluence the market’s belief about their type (capability). We demonstrate that this particular

interest distorts reporting incentives and creates herd behavior.

3 Benchmark Setting

3.1 The auditor’s choice

In our model the auditor acts first. He receives a signal s; and is required to report on the
quality of the financial statements based on that signal. He does not know his personal type
and thus whether the signal received is informative. Given he observes s; he will report M; if
the following inequality is satisfied:

1
PI"(RZ"SZ‘) > 5



Thus the auditor reports M; if he personally believes that R; is more likely than not. For the
special case where Pr(R;|s;) = % we assume that the auditor aims at passing on his private

information to the market by reporting M; if he observed s;.

We start with ¢ = ¢. According to Bayes’ rule

Pr(si|R¢) Pr(Ry)
Pr(st) .

PI‘(Rt|St) =

Note that
Pr(s;) = Pr(s¢|R¢) Pr(R:) + Pr(s¢|Rp) Pr(Rp) (4)

and

Pr(si|R:) = Pr(si|Re, good) Pr(good) + Pr(s:| Ry, bad) Pr(bad)
1

— Pt (-0) )

Pr(si|Ry) = Pr(s¢|Rp, good) Pr(good) + Pr(s¢| Ry, bad) Pr(bad)
1
= @00, (©
Inserting (5) and (6) into (4) and using Pr(R,) = a = § results in
1
PI‘(Rt|St) :p9 + 5(1 — 0)

To summarize, for the auditor to report ¢ having observed s; we require
1 1
0+ -(1-6)> =
po+5(1-0)2
to hold.

Similarly, the auditor will report b (will not report ¢) having observed s, if the following inequality
holds:

1
Pr(Rp|sp) > 7 (8)
Proceeding as shown above, we obtain
1
PI‘(R(,|S(,) = pé? + 5(1 — 9)
Thus, condition (8) is equivalent to (7). Rewriting expression (7) as
1 1 1
- _)y> =
g T =325

it is easy to see it holds for p > 0.5.

Thus in our setting an auditor that reports according to his own assessment based on what
he observed will always report what the signal indicates, that is M; (M;) if s (s¢) has been

observed.



3.2 The audit committee’s choice

The audit committee updates its beliefs regarding the management’s report based on what it
learns from the auditor’s report and its own signal. Knowing that the auditor reports as described
above, the audit committee is able to infer the signal from observing the report. Thus without
reputation concerns the audit committee reports M; whenever the conditional probability for

R; is greater than %

As for the auditor, we assume that an audit committee that attaches identical probabilities to
both types of financial statements being present, that is Pr(R;|-,-) = %, passes on the personally

observed signal to the market by reporting M; having observed s;.

Specifically, the audit committee will report M; after having observed two signals if

PI‘(Rt|St, St)

Y

PI‘(Rt|Sb, St)

v

Pr(Ry|s¢, sp) >

N =N =N =N =

Pr(Ry|sp, sp) >

and will report M}, whenever these inequalities are violated.’

Calculating the conditional probabilities as Pr(Rjl|s;,sj) = Pr(fisissi) with Pr (R, si,sj) =

Pr(s;,s;)
Pr (s, 8j|Ry) Pr (Ry),'° we obtain
4p0 + (1 — 0)?
Pr(Rylsy, N L S
(Rilsi, 1) S
41—-p)o+ (1 — 0)2
r(Ry|sp, sp) 20505
and
1
Pr(‘Rt’Sln St) = Pr(Rt|St, Sb) = 5
The conditions
4+ (1-6) 1 .
21+6%) 2

9Tn what follows the first signal refers to the auditor’s and the second one to the audit committee’s observation.
E.g., Pr(R¢|sp, st) denotes the conditional probability for an unbiased report to be present, given that the auditor
has observed s, and the audit committee has observed s;.
Y0Py (si,5;|Ri) can be further decomposed as Pr(s;,s;|Rx) = Z Z Pr (si, sj| R, 7, TAC) Pr (TA, 49)
A LAC
with Pr (sq, s;| R, 4, TAC) = Pr(si|R, TA) Pr (s;| Rk, TAC)T if (TA, TAC) #  (good,good) and
0 if Si 7& Sj

Pr (s;, 8| Rk, good,good) = .
S good) { Pr (si|Rk,good) if s; = s;



and
4u—m9+a—ey>1

= 10
2(1 + 6%) (10)
simplify to get )
>
P=3
and
1
(1-p) >3

2 )
respectively. While condition (9) holds by assumption, (10) is violated. Thus the audit commit-
tee will report My having inferred/observed (s, s;) and M, given (sp, sp). If the signals observed

differ from each other, it will report what its personally observed signal indicates.

4 Reputation concerns

In this section reputation or career concerns are present. Both agents aim at enhancing their rep-
utation tantamount to the labor market’s beliefs about their capability. Define /H\j (M A MAC, R) =
Pr (Tj = good| M4, MAC, R), j = A, AC, the probability that agent j's type is good conditional
on reports (M A M AC) and the observation of the true character of financial statements R. If R
has not been observed the corresponding probability is denoted by Ej (M A M AC). Irrespective

of the observation of R we define

Aéj (MA, MAC) _ { Ej (]\4:;, MAC, R) if R has been observed

0 (MA, MAC) else
Maximizing reputation in the labor market, the auditor’s and the audit committee’s objective
functions become E <5A\3A) and F (EAC\M A,SAC>, respectively. Recall that AC knows the
other agent’s report when it has to report on its audit, while A does not have this information.
Hence, A builds expectations over the observation of R, over the realization of R given it is
observed, and over AC’s report. AC only builds expectations over the observation of R and its

realization.

Below we establish that a herding equilibrium exists with herding on the part of the audit
committee. Each player forms rational beliefs about the strategies of the other players which
are correct in equilibrium. To check whether a strategy of a certain player is possibly part of
an equilibrium, we use a ceteris paribus analysis. Thus we take the beliefs and strategies of all
other players as given and assume that they are correctly anticipated by the player considered.

We proceed in three steps.

First we assume that the auditor reports consistently with the signal observed: M, if he observes

sy and M; if he observes s;.

Second we show that given the auditor’s strategy, it is optimal for the audit committee to follow

the auditor’s opinion and to replicate his report no matter which signal has been privately

10



observed. This strategy turns out to be optimal even though the labor market anticipates such

behavior and thus ignores the report when forming beliefs about AC’s ability.!!

Finally, we show that given the herding strategy of the audit committee and consistent beliefs
of the market, it is indeed optimal from the auditor’s perspective to report what the signal

observed indicates.

According to step one described above, we presume that the auditor reports as in the benchmark
setting. If he does so, the audit committee is able to infer s; (sp) from the report M; (Mp). The
audit committee itself observes either the same signal as the auditor or a different one. It
chooses its own report to affect the market’s belief about its type. To start off, we assume that
the market believes both agents behave as described in the benchmark setting. Such behavior
would allow the market to infer the signal each agent observed from the reports and to update
beliefs accordingly. Conditional on whether the labor market learns the true character of the

~AC
report R at the end of the game the following revised beliefs 6§~ result.

i) If the market has learned R:!'?

~AC ~AC 20}7( +0)
_ et S 11
0 (St, S¢, Rt) 0 (Sb, Sb, Rb) 49]9 + (1 - 9) ( )
~AC ~AC 29(1 — )(1 + 0)

0 (s¢, 8¢, Rp) =0 (sp, 8, Re) =

401 —p) + (1—0)2

~AC ~AC 2p0
0 (Stasvab) =0 (Sb’stht) P

(1+6)
@AC(Sb,SuRb):éAC(St’Sb’Rt) 8 g;

ii) If the market has not learned R:

) ) 1
7 150 = 0" ) = ) (12)
9AC(S sp) = éAC(s St) = 0

This updating rule, however, holds in equilibrium if and only if there is no incentive for the

audit committee to deviate from the perceived reporting strategy, i.e. if the following conditions

apply:

v

E <5Ac(si7 sp)| (84, 8b)>

E <5Ao(si, st)| (si, st)> > F (5140(51'7 sp)| (si, st)) for i = b, t.

E (gAc(si, st)| (siy Sb)> for i = b,t

"'This result is similar to the signal-jamming literature, where in equilibrium agents distort signals to influence
the market’s beliefs although the market rationally anticipates distortion of the signal. See Homstréom (1982) and
Fischer and Verrecchia (2000).

12See the appendix for detailed description of how 9Ac () is calculated.

11



Notice that given A follows his signal and the market believes that both agents follow their signals
~AC
reports will be translated into signals in evaluating AC’s ability: E (0 (M;, My)| (M, sk)> =
~AC ~AC ~AC ~AC
E (9 (si,55)] (sis sk)). Furthermore, by definition of | E (0 (si,sj)]si,sj> =0 (si,55),
i.e. if AC reports truthfully the effect of R drops out on average. For instance, assume that
the auditor has reported M; which implies an observation s;. The audit committee privately

observes s;. It will report M, if and only if the following inequality holds:

E (’@)’Ac(st, so)l (st sb)> — 0", ) > E (EAC(st, so)l (st sb))

which can be rewritten as

~AC ~AC - AC ~AC
0 (st,sp) > ql0 (st, 8¢, Re) Pr(Relst, sp)+0 (st, ¢, Ry) Pr(Ryp|st, sp)]+(1—q)0 (s, 5¢).

This inequality, however, is always violated as is shown in lemma 1.

Lemma 1 If the auditor reports the signal observed and the market believes that the audit
committee does so, too, and updates beliefs accordingly, the audit committee has a strict incentive
to always mimic the auditor’s report. It reports M, if the auditor has reported My and My, if the

auditor has reported My, no matter what signal s; it observed.
Proof. See the appendix. m

Corollary 1 There does not exist an equilibrium in which the auditor and the audit committee
report what the signals indicate and the market correctly infers the signals from the reports and

updates accordingly.

Given this result, it is not rational from the market’s perspective to believe the audit committee’s
report and to update beliefs as demonstrated above. A rational market rather anticipates the
audit committee’s incentives. Imitating the auditor’s report renders the audit committee’s report
completely uninformative. From the market’s perspective it can at best be ignored and thus the

prior belief 6 is used to evaluate AC.

If the market adopts that strategy, we need to check whether it is still optimal for the audit
committee to imitate the auditor. To do so we establish the following natural out of equilibrium
beliefs of the market:

If the market observes a report from the audit committee that differs from the one the auditor
provided, the market believes that the audit committee reports what the observation of its

private signal indicates, that is M; (M) having observed s; (sp).

Given this scenario the audit committee has an incentive to mimic the auditor’s report if the

following inequalities hold:

12



~AC ~AC
0 > E(a (st,sb)|st,sb):9 (st, 58) (13)
~AC ~AC
0 > E(9 (sb,st)]sb,st>:9 (Sp, St) (14)
~AC
§ > E(e (st,sb)|st,st) (15)
~AC
0 = B(07 (50,50 |sn.0) (16)

(13) and (14) are equivalent. Inserting (12) we obtain

0
> 7
9_1—1—9

which always holds true. The RHS of (15) and (16) is known from the proof of Lemma 1, part
iii) and iv). Accordingly, (15) and (16) are equivalent and can be written as
0(1—0)%+8p0(1—p) 0(3+06%—8p(1—p)) N
- 0+ (P +1) O+1)(6*+1)
As 8p (1 — p) is less than 2, (15) and (16) are fulfilled, too.

Even though the market ignores the report and uses its prior belief on AC’s type, it remains
optimal from the AC’s perspective to mimic the auditor. Put another way, truthful reporting
damages reputation on average as the market interprets different reports, implying different

signals, as an indicator of bad types.

Summing up, we find that whenever the auditor reports what the signal he observes indicates,
the audit committee optimally mimics the auditor’s report and the market ignores this report

when updating beliefs on the audit committee’s type.

It remains to show that it is indeed part of the equilibrium that the auditor reports truthfully
as assumed so far. Given that the audit committee mimics the auditor’s report, the market
is unable to infer anything from observing the second report. Thus it will use the auditor’s
report as well as the true character of the financial statements R;, if revealed, to update beliefs

regarding the auditor’s type.

If the market believes the auditor’s report and updates accordingly the auditor has no incentive

to deviate from such reporting if the following relations hold:

E (?9"“ (50) |st) >E (19"“ (s5) |st> (17)
E (’éA (55) |sb> >E (’éA (50) ysb) (18)

This is indeed the case which results in lemma 2.

Lemma 2 The auditor has a strict incentive to report what the signal observed indicates given

that the market anticipates such behavior and updates beliefs accordingly.
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Proof. See the appendix. ®m
Note that the above Lemma holds true for all ¢ € (0, 1].

Having completed the three-step analysis described at the beginning of this section, we are able

to state the following result.

Proposition 1 The following strategies constitute an equilibrium: The auditor reports what the
stgnal observed indicates. The audit committee mimics the auditor’s report such that its own
report does not depend on the signal it privately observes. The market anticipates the strategies
of both agents and updates beliefs with regard to their capabilities accordingly. It considers the

auditor’s report and ignores the one provided by the audit committee.

The equilibrium derived in Proposition 1 provides a systematic rationale for the lack of op-
position we observe on the part of audit committees. If reputation concerns are present, it
might in particular be rational from the audit committee’s perspective not to object to what the
management reports and the auditor confirms. These incentives prevail no matter what private

information suggests.

5 Countervailing measures

So far we have assumed that the sole objective of audit committee members is to maximize the
market’s perception of their ability. Naturally, the question arises whether other objectives are
likely to exist or can be created via legislation, institutions or contracting. In what follows we
discuss two measures that come to mind in this context: First, we assume that the AC is held

liable for failure by imposing a fine. Second, a reward for good performance is considered.

5.1 Imposing a fine for AC failure

This section covers a setting in which the audit committee is held liable if its report MAC does
not coincide with the subsequently revealed true quality of the financial statements R. We
extend the model to include a fine S to be paid by the AC if either the AC reports M; and Ry

is revealed or vice versa.

Accordingly we adapt the AC’s objective function to reflect that the AC maximizes some kind

of "net compensation" composed of expected reputation less expected fine:
~AC
max E (9 \.) —E(8]).

Assume again that the auditor behaves as in the benchmark solution, i.e., he reports what his
signal indicates. By definition if the true character of the financial statements is not observed
at the end of the period, which happens with probability (1 — ¢), liability of the AC does not

14



apply. Given the true character of financial statements is learned, AC’s expected fine conditional

on both signals and its report is given by
E (/B‘Sia S5, Mk) = BPI‘ (Rl|8i7 Sj7l ?é k)

with 4,7, k,l € {b,t}. For instance, assume AC has observed signal s; and inferred s, from the

auditor’s report Mp. If AC reports M; its expected fine is given by
E (Blsp, s, My) = BPr(Rp|sp, st) +0Pr (Rylsp, st)
1
= 85
Given the auditor acts as in the benchmark solution and the market conjectures that both agents

behave like in the benchmark solution, benchmark behavior by AC is induced via a fine f if and

only if the following four conditions hold:

_AC
(07 (st.0) st 0) -
_AC
(9 (56, 50) |55, 5t
_AC
(9 (st 80) |15 8¢

~AC
(77 (s 30) 13w, 0

1) E (EAC (sta Sb) ‘Sta Sb) - qE (5|8t7 Sb, Mb) (B‘sh Sb Mt (19)

.. ~AC
11) E (9 (Sbvst) |Sb)8t> —qF (/8|Sba St)Mt)
~AC
iii) £ (9 (¢, 5¢) \3t78t> — qE (Blst, st, My) >

X ~AC
IV) E (0 (Sb) Sb) |5b’ Sb> - qE( |5b7 Sb, Mb)

- qE (B|Sb7 St Mb

— qE (Blst, st, M) (20)

- qE (B|Sb7 Sb Mt

)
)
)
)

From Lemma 1 we know that without any liability considerations, § = 0, conditions i) and ii)

and conditions iii) and iv), respectively, are equivalent. Hence, (19) can be rewritten as

i) A—qBPr(Rlst,sp) > B —qBPr(Rlst, sp) (21)
ii) A — qBPr(Ry|sp,st) > B — qBPr (Ry|sy, s¢)
iii) C' — g8 Pr (Rp|st, st) > D — qB Pr (Re|st, st)

)

iv) C — qB Pr (Ry|sy, s1) > D — qB Pr (Ry|sp, 51

with A < B and C' > D as known from the proof of Lemma 1.

Proposition 2 Given A reports like in the benchmark setting, there exists no fine 3 such that

benchmark reporting of AC can be induced as equilibrium behavior.

Proof. See the appendix. =

Note that the incentive compatibility conditions i) and ii) refer to a situation in which A and AC
have observed different signals s; # s;. As has been shown above, the conditional probability
Pr(Ry|si, sj) = %, i,7,k € {b,t}. Accordingly, given that R is revealed at all, both, R; and Ry,
are equally likely to pop up and the expected fine to be paid by the AC is identical, too, no

15



matter whether it reports in line with the signal personally observed or not. Technically spoken,
the fine drops out of both sides of the inequality. What is left is identical to our setting without
liability considerations where we have shown that herding incentives are present. Conditions iii)
and iv), in contrast, cover identical observations of both agents. We know from the previous
analysis that ACs that care solely about reputation report what they personally observe and
thus follow the auditor. If a fine is imposed the expected fine is minimized for truthful reporting.
This results from the fact that Pr(R;|s;, s;) > Pr(R;|si, si),i # j. Accordingly, the fine provides

additional incentives to follow the auditor in this setting.

It follows that adding a fine to the objective function of the AC does not at all countervail the

AC’s incentives to herd.

5.2 Performance based bonus contracts

To start with the most basic setting let us consider a bonus contract for AC that pays a bonus
B > 0 if AC’s report MY coincides with the revealed character of the financial statements R.
The incentive problem arising from such a bonus offer, however, is structurally very similar to
the one created when a fine is imposed: Specifically, if A and AC observe different signals, the
expected bonus to be obtained is identical, no matter whether AC reports what it personally
observes or not. If both agents observe identical signals, the AC maximizes its expected bonus
by reporting in line with the auditor and its personal observation. As a formal analysis would

largely parallel the one above, we omit such an analysis and refer to the previous section.

Alternatively we proceed to allow the compensation contract for AC to depend on its own report
as well as on A’s report. We assume that AC obtains a bonus S > 0 if and only if its report
coincides with the true character of the financial statements and A’s report does not coincide
with it. This contract captures that the audit committee will be highly rewarded if it has
completed its tasks in an optimal way: Namely, to effectively monitor the reporting process and
the auditor.

Given the auditor reports what his signal indicates, AC’s expected bonus conditional on both

signals and its report M} is given by
E (B|si, 55, My) = B - Pr (Ry|si, 55, My, 1 # k).

Accordingly, the four conditions (see (19) and (21)) that ensure benchmark behavior by AC
assuming A reports truthfully and the market believes that both agents report truthfully are
given by

i) A+ gBPr(Rylsi ) > B (22)
ii) A+ qBPr(Rilsp,s:) > B
iii) C > D + qB Pr (Rp|s¢, st)
iv) C > D + qB Pr (Ry|sp, sp)
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Again conditions i) and ii) cover the case where both agents observe different signals. Hence,
AC has only a chance to obtain the bonus if it reports truthfully. Conditions iii) and iv), in
contrast, cover the setting in which AC and A observe identical signals. As by assumption the
auditor reports truthfully the audit committee can only obtain the bonus if it reports contrary
to the signals observed by both agents. The latter effect potentially counteracts the objective
to motivate truthful reports and may lead to anti-herding by AC.

From previous sections we know that A < B and C' > D. Therefore, if § is sufficiently high,
one can ensure that i) and ii) are fulfilled. However, if 8 becomes too high anti-herding will be
motivated. Hence, § must be not too high to fulfill iii) and iv). The question is whether there

exists a set of values for 8 such that all four conditions are fulfilled simultaneously.

Lemma 3 If 8 € [Buins Bmaxls conditions i)-iv) are fulfilled, where 5, = @ > 0, Boax

= Cq_O_D > Bmin and 0 = Pr (Rp|st, st) = Pr(Ry|sp, sp)-

max

Proof. See the appendix.

Lemma 3 shows that there exists a continuum of positive bonuses such that AC can be motivated
to report what its signal indicates rather than to follow the auditor. To avoid that AC will be
induced to misstate its information if both agents observe the same signal there is an upper
bound S, for the bonus. To provide AC with incentives to report truthfully if both agents
observe different information there is a lower bound f,,;, which an appropriate bonus must
exceed.

6Bmln < O mln < O mln > 0

Lemma 4 Comparative statics:a) Bin-
b)/Bmax' a/Bmax < 0 aBmax > 0 a5max > O

Proof. See the appendix. ®m

The higher the probability ¢ that the true character of financial statements will be eventually
observed the lower the lower and the upper bound for an incentive-compatible bonus. With
q increasing a lower bonus is required to motivate truthful reporting if both agents observe
different signals in i) and ii). At the same time the maximum feasible bonus that just ensures
that AC reports truthfully if agents observe the same signals decreases as the RHS in iii) and
iv) increases in gq. Hence, the upper and the lower bound of incentive-compatible bonuses will

be shifted downwards if ¢ increases. As the marginal effect on 3 turns out to be stronger

min
than on ., the bandwidth of incentive-compatible bonuses is decreasing in ¢. In contrast, if

p increases the interval [ is enlarged. The higher the probability p that good types

mins Bmax]
observe the "correct" signal the lower AC’s average gain (B) from herding if both agents observe
different signals (A does not depend on p). Therefore, a smaller bonus is required to motivate
truthful reporting. At the same time, AC’s gain from anti-herding (D) with identical signals

is decreasing in p such that (., increases in p (C' does not depend on p). If the ex ante
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probability 6 of an agent being good increases, the lower and the upper bound for 5 that allow
to motivate truthful reports increase. The intuition is the following: The higher 6 the higher
AC’s reputational loss (in terms of B — A and C' — D) from deviating from the herding strategy.

This relaxes iii) and iv) but at the same time makes i) and ii) more restrictive.

To establish benchmark reporting by both agents as an equilibrium we finally have to investigate
if the auditor has actually an incentive to report truthfully (as assumed so far) given the audit
committee reports what its signal indicates and assuming benchmark beliefs by the market.
The auditor reports as in the benchmark solution if and only if the following two conditions are
fulfilled:

1) E (EA (50, SAC) ]31,) E <5A (st SAC) ’5b) (23)

2) E <5A (st,sAC) |st) > F <5A (sb,sAC) |st) .

Y

The first condition requires that it is optimal for A to report M; having observed s;. The second
one states that it needs to be optimal to report M; having observed s;. As by assumption AC

reports according to its signal and the market believes that both agents report what their signals
~A ~A
indicate, it follows that 6 (Mj, MAC) =0 (sj, SAC).

Lemma 5 Given AC reports as in the benchmark solution and the market conjectures benchmark

behavior of both agents, A has an incentive to report like in the benchmark setting.

Proof. See the appendix. m

Having shown that it is optimal for the auditor to follow his signal if AC follows its signal, too,

we can state the following Proposition:

Proposition 3 If the bonus for AC is from the interval [Bin, Bmax), there exists an equilibrium

in which both agents report in line with the benchmark solution.

6 Conclusion

At least anecdotal evidence suggests that audit committees established by boards tend not
to oppose to dubious accounting practices employed by the management and approved by the
auditor. In this paper we provide a rationale for such behavior. We use a learning model to show
that audit committees may have an incentive to simply mimic the auditor’s report and to ignore
relevant private information. Such herding results in a setting in which auditors and audit
committees solely care about reputation. Moreover, "sharing the blame" effects shield audit
committees from reputational losses. The latter effect is particularly crucial for our results. The
fact that a failure damages reputation of one agent really hard only if the other one does not fail

renders imitation on the side of the agent acting second, that is the audit committee, optimal.
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This strategy of ensuring that either both or none of the agents fail remains optimal even though

the market anticipates herding behavior and completely ignores the audit committee’s report.

Though optimal from the audit committee’s perspective, herding is generally undesirable. It
advances fraud to remain undetected which harms shareholders, investors and other stakeholders.
To counteract such misbehavior, various alternatives have been proposed in academia as well as
in politics. We discuss two of the most frequently mentioned options in the final sections of our
paper: bonus contracts and fines. Importantly, we find that fines, discussed in many jurisdictions
as a means to legally align incentives, turn out to be unsuitable to avoid herding at all. The
same result is obtained for bonus contracts that solely rely on the audit committee’s report. In
contrast, a more sophisticated bonus contract, that ties the bonus to both, the auditor’s and

the audit committee’s report, turns out to work in our setting.
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Appendix

~AC
Derivation of §  (-) in Section 4

i) Assume the market has learned R. We have to determine

9AC (si,sj,Rg) = Pr (TAC = g00d|si,sj,Rk) yi,7,k € {b,t}.

Pr(good,s;,s;,Rx)
Pr(s;i,s;,Rx)
Pr (s;, sj, Ry) are calculated according to section 3.2, Fn. 10. Pr(good,s;, sj, Rj) can be written

We know from Bayes’ rule that Pr(good|s;, s;, Ry) = . The joint probabilities

as

sj,Ri) = Pr(s;,s;j|Ry, T4C = good) Pr (Ry, 74C = good) (24)
= Pr(si, s;|Rx, T4C = good) Pr (Ry,) Pr (TAC = good) .

Pr (good,s

79

Pr (si, sj| R, TAC = good) can be written as

Pr (si, s;| Rk, ¢ = good) = Pr (si, s;| Rk, = bad,TAC:good) Pr (TA = bad|Ry, TAC:gOOd) +
Pr (si, s;| R, = good,TAC:good) Pr (TA = good|Ry, TAczgood) .

The agents’ types (TA, TAC) and R are independently distributed such that Pr (TA\Rk, TAC) =

r A _AC
Pr (TA|7—AC) = %. Hence, (24) can be written as

Pr (si, s;| Rk, 4 = bad,TAC:good) Pr (TA = bad, TAC:gOOd) +

Pr(Ry).
Pr (si, sj| Ry, 7 = good,TAC:good) Pr (TA = good, TAC:good) (F)

Pr (good,s;, sj, R) =

As in section 3.2, Pr (s;, s;| Ry, T4, TAC) = Pr (s;| Ry, TA) Pr (sj| Ry, TAC) if (TA, TAC) # (good,good)
0 if S 7& Sj

and Pr (s;, s;| Ry, good,good) = .
(s, 57|, good,good) { Pr(s;|Ry,good) if s; = s;

~AC
ii) If the market has not learned R, AC’s reputation is given by 6~ (s;,s;) =Pr (TAC:good\si, sj).
~AC ~AC
Knowing 6 (s;, s;, Ri) from i), 8 (s;,s;) can be calculated as
~AC ~AC ~AC
0 (si,s;) =0 (si,s5, By) Pr(Ro[si,s;) + 0 (si, 55, Be) Pr(Re]si, s5) -

Proof of Lemma 1

To prove Lemma 1 we need to show that there is a strict incentive for the audit committee to
report in line with the auditor, no matter what its privately observed signal suggests. Assume

the market conjectures that both agents report as in the benchmark solution for the whole proof.
The following conditions need to hold:

(i) If the auditor has reported My, the audit committee prefers to report M; having observed sy,

~AC ~AC
E (9 (st,st)|st,sb) >F (0 (st,sb)|st,sb>:
LAC ~AC ~AC ~AC
ql0” (st, 8¢, Re) Pr(Relst, sp) + 60 (st, s, Rp) Pr(Rp|se, sp)] + (1 — q@)0 (s¢,86) > 60 (s, 8¢).

(25)
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(25) can also be written as

20p(1 + 0)

1 200—-p)(1+6) 1 0(1+0) 0
40p+ (1—0)22 401 —p)+(1—-0)22

I+ =95 757> 7

ql

Writing the latter condition as ¢ [1]+ (1 — q) [2] > % we prove that this inequality always holds
true by showing that [1] > ﬁ and [2] > %_;6. The latter two conditions are fulfilled if

Op(1+0) - 0

Wp+(1—02 " (1+0) (26)
. 01L-p)(1+6) _ (1—p)0
-p)(1+ -p
W00 —p) + (102" (1+0) (27)
and
601+6) 0 .

> .
1+6%2 = (1+0)
(26) , (27), and (28) can be rewritten to obtain p < 1, p > 0, and 260 > 0, respectively. All three

inequalities hold by assumption.
(ii) If the auditor has reported M;, the audit committee prefers to report M; having observed
~AC ~AC
st B (07 (sn,s)lsnsi) > B (07 (s, 50) s, 51):
LAC ~AC ~AC JAC
qlo0 (b, sp, Re) Pr(Relsp, s0)+0 (sp, sp, Ry) Pr(Rp|sp, s¢)]+(1=q)0 (s, 50) > 0 (sp, 5t)
(29) is equivalent to (25) and thus (29) holds as well.

(iii) If the auditor has reported M;, the audit committee prefers to report M; having observed
~AC ~AC
sy, B (9 (st,st)|st,st> >F (9 (st,sb)|st,st):

~

C ~AC ~AC ~AC
0 (st,8t) >ql0  (st, 8p, Re) Pr(Rest, s¢)+0 (st, sp, Rp) Pr(Ryp|st, s¢)]+(1—q)0  (st, sp) (30)

54
0(1+0) 21 —p)0dph + (1 —0)*  2ph 4p + (1 — 6)? 0
e iy 2 (1+ 0°) FaratT 2 (1+ 6% N+ 0=dlg5l GY

From (i) we know that 9‘”? > % To show that (31) holds we show below that
1+0 (1+0)

4ph + (1 — 0)?
2(1+6%)

0 (1—6)%+8ph (1 —p)
0+1) (0% +1)
(32)

0(1+0) 2(1—p)hdph+(1—06)>  2p0
1167~ (1+0) 20+6%) @ (1+0)

(- )=

(32) can be rewritten as
46% (1 — 2p + 2p?)
(140) (1+ 6%

which holds true. Accordingly (30) holds true.
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(iv) If the auditor has reported Mp, the audit committee prefers to report M;, having observed
~AC ~AC
sp, B (9 (Sb, Sb)|sb, sb) > F (9 (Sb, St)|Sbs sb>:

~AC ~AC ~AC ~AC
0 (sp,s6) > ql0 (b, ¢, Re) Pr(Ry|sp, sp)+0  (sp, S¢, Rpy) Pr(Ryp|sp, sp)]+(1—q) [0 (sp, 5¢)]

(33)
(33) is equivalent to (30) and thus (33) holds as well.
Proof of Lemma 2
To prove Lemma 2 we need to show that (17) and (18) hold. Notice that E (5A (si) |sl) =

5,4 (s;) = 0; the latter equality holds as in expectation the effect of possibly observing R cancels
out and by (1) a single signal in isolation is not informative about an agent’s type. With
E @A (s1)]s:) = 6 and E (b’"‘ (s1)ls;) = a (5A (55, Re) Pr (Rels;) + 0" (s, Ry) Pr (Bals;)) +
(1 —¢q) 0, inserting on both sides of (17) and (18) results in

for both conditions. This inequality can be rewritten to obtain

2p0 2(1—p)o
2wl +(1—0) 2(1—p)o+(1—0)

( )0(2p—1) 20 (34)

As p > 0.5 by assumption (2p — 1) > 0. It remains to show that

2p0 - 2(1—p)o
200+ (1—6) — 2(1—p)f+ (1 —0)

which simplifies to

p=1-—p.
This is strictly true by assumption.
Proof of Proposition 2

Incentive compatibility conditions for AC are given by

i) A—qgBPr(Rs,sp
i) A— qBPr(Rplsp, st
iii) C' — qB Pr (Ryp|s¢, st
iv) C — g8 Pr (Ry|sp, sp)

> B — qB Pr (Ry|st, sp) (35)
> B — qB Pr (Ry|sp, st)
> D — qB Pr (R|st, st)
> D — qBPr (Ry|sp, sp)

)
)
)

. o B op(1+0) 0(1—p)(146) 0(1+6) . -
with A = 35 and B = ¢ [49p+(1—9)2 + 49(1—p)+(1—9)2] +(1—¢) 57z B > A, and with C =

0(1+06) o 20(1—p) 40p+(1—60)> | 20p 4(1—p)0+(1—0)> 0
g and D = q[ ng 2p(l+02) +1+1é2p(1+92)] + (1 - q)m,C > D. Note that

Pr (Ry|sp, st) = Pr (Ry|st, sp) = 4. Hence i) and ii) are identical and can be written as

1 1
— ZgB> B — ~gB.
A 2qﬁ_B 2q/6’
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As B > A i) and ii) are always violated. Conditions iii) and iv) are identical, too. As
Pr (R;|si, si) > Pr(Rj|s;, s;) both are fulfilled for any g > 0. It follows that herding remains
optimal for any (5.

Proof of Lemma 3

In (22), conditions i) and ii), and conditions iii) and iv) are equivalent. For conditions i)/ ii)

and iii)/iv) we obtain

A+§ > B (36)
C > D+qBo (37)

with A, B,C and D as defined in the proof of Proposition 2 above and o = Pr(Ryp|s:, s¢) =

Pr (Ry|sp, sp) = %. Equivalently, (36) and (37) can be written as

5 > Q(B(]_A)Zﬁmin (38)

C-D
= B (39)
qo

Conditions (38) and (39) can only be fulfilled simultaneously if 5, > Bmin Where

min

—80%(2p—1)Z
40p — (1 + 9)2) (49p T(1- 9)2) g(1+6)(1+96)

Bmax = Bmin =
<

with Z = (2p — 1) (0%q + ¢ +26%) + (6> +0) (1 + ¢+ 4gp (p — 1)). Notice that By — Bumin 18
positive, if Z is positive. As p > 1/2,(1+q+4gp (p — 1)) is always greater than one. Hence,
Bmax > Bmin and if 5 € [Bins Bmax)s conditions i)-iv) in (22) are fulfilled.

Proof of Lemma 4

a) For the comparative statics for §,,;, we obtain

Buin 46 0 P _ 1602(140) (146%) (0-1)*(2p—1) _
fry 2 5 — 2 2 )
dq ¢*>(1+6) (1+6°) dp (40p_(1+9)2> <49p+(1_9)2)
Ouin 8OV +20°Y’  40°Y N’
o0 N N2

with Y = (g—1) (1+6%)+ (1 —p) (86%p (g —2) —4qp (1 +6%)); Y' = /00
N (40p +(1- 0)2) <49p —(1+ 9)2) (1+6%) (1+0)q; N =0N/o6.

To prove that mjnm = % > 0 we show that it is positive for all ¢ and # at its minimum with
respect to p. This minimum is given by p = 0 and p = 1. Both values of p lead to a function

o _ 49(0°-0-2)(a—1) 9B ynin
value of 87, = q(1+0)2(1+02)2 > 0 for all ¢ and 0. Hence, =3g» > 0 for all p,q, 0.
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b)For (..« we obtain
OBmax  _ 46* “o
9 ¢ (1+0) <49p— (1+ 9)2>
0> 1-2p) + 0 (¢g—1) +4qph (p—1
b q(1+06) <49p—(1+9)2>
OBmax _ A0 (L+q+4qp(p—1)) (40p—30 —2+0°) o

o9 a(1+6)? (40p - (1+9)2)2

To verify the sign of %notice that 4¢gp (p — 1) is greater than —q and 40p — 30 — 2 + 03 is

negative for the maximum value p = 1 for all 6.
Proof of Lemma 5

Inserting into (23) we obtain

~A ~A
0 (s¢,sp, Ry) Pr(Ry, splsp) + 6 (st, 8¢, Re) Pr(Ry, s¢|sp) +
1) 0 2 q ~A ~A (40)
0 (s¢,sp, Ry) Pr(Ry, splsp) + 6 (s, s¢, Re) Pr (Ryp, s¢|sp)
~A ~A
(1= ) (8" (st ) Pr (sulsp) + 8 (51, 50) Pr (selsn))
~A ~A
0 (sp, Sp, Re) Pr(Re, sp|st) + 6 (sp, st, Re) Pr(Ry, st|se) +
2) 0>q| 4 A (41)
0 (sb, S, Ry) Pr (Ry, sp|se) + 0 (s, 56, By) Pr (Ry, s¢s¢)

(1—q) (5“‘ (56, 5) Pr (sp]5:) + 0 (sp, 5¢) Pr (st|st)) .

~A ~A ~AC
As both agents are symmetric, it holds 6 (s;, s, Rj) (sj,si, Rp)and 6 (si,s5) =60 (si,55)

~AC
with 4,7,k € {b,t}. The 0 's are given in (11) and (12), respectively.

~AC
=0

Using the results from section 3.2 the probabilities Pr (Ry, sj|s;) = %

% can be calculated as

and Pr(s;s;) =

1
Pr(Ry, spls) = Pr(Rp,sls))=(1—p)0+ 1 (1—0)

1
Pr(Ry, si|sp) = Pr(Ryp,se|sp) = Pr(Ry, sp|st) = Pr(Rp, splst) = 1 (1- «92)
1
Pr(Ry,spls) = Pr(Rysilse) =pt+ 7 (1 - 0)?.
1—6? 1462
Pr(spls) = Pr(sisy) = (Q),Pr (s¢|st) = Pr(splsp) = (2)

~A ~A
Inserting 0 (s;, 55, Ri), 0 (ss,5;) and the probabilities into (40) and (41) we obtain for both

conditions

0>qX1+(1—-q) Xz (42)
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with
0(80p(p—1)—1+20—0%) (80°p(p—1)+ 6>+ 6% —0—1)
(1+0) (4p0+ (1 —9)2) (4p6 — (1+62))
0(0°—6>—0-1)
(1+6%)(1406)

X, = -

Xy = -

We proceed to prove that (42) holds by showing that both X; and X5 are lower than 6. From

20*

o= (1+6%) (1+0)

it follows 8 > X5. # — X3 can be factorized as
0 x 20% [—0* + 6% (32p*—20p + 52p? + 2—64p°) + 4p—1—4p?]
— X =

(1+0) (4p0 + (1-0)° ) (4p0— (1 + 62))

. (43)

The denominator of (43) is negative as 4pf < (1 + 92). Hence, (43) is positive, if P = —6* +
62 (32p4 —20p + 52p® + 2 — 64p3) +4p — 1 — 4p? is negative. We proceed to prove negativity of
P by showing that P is negative for all § at the P-maximizing value for p, i.e., P (p* (0),0) <0
for all 6 € (0,1) with p* () € argmax, P (p,0).

From the optimality condition %}E') = 0 we obtain three candidates for a local maximizer
L 1o, 200107, 20—1-6?
Pr=gh2= 0 BT 0

For the second derivatives w.r.t. p we obtain

d?P (p3,-) d*P (ps,-)  d*P(p3,")

DR g A = 92 — ]_ 2 = 37 == —1 0 - ]. 0 ]. .

dp? 8( )<07 dp? dp? 6 ( )(@+1)>0

Hence, p = 1/2 is the unique local maximizer with P (%, 0) = —0* — 0. To search for absolute

maxima we also need to check the function values of P the at the limits of its domain: P (1,0) =
P(0,0) = —1+20%—0*. Hence, if 1 < 30> p = 0 and p = 1 are the absolute maximizers of P and
for1>302p=1 /2 is the absolute maximizer.!3In any case, the corresponding function values
—0* — 0%and —1 + 26% — 6, respectively, are negative for all § € (0,1) such that § — X; > 0.
Having shown that X; and X5 are smaller than 6 it follows 6 > ¢X1 + (1 — ¢) X3 such that (42)
is fulfilled.

B3 For 1 = 302 we have three absolute maximizers:;p = 0,p = 1, and p = 1/2.
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