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informational efficiency of rules with varying degrees of restrictiveness. When committees are

l ' J e reexamine the major tenets of the informational theory of legislative rules, focusing on the

heterogeneous, full efficiency is attainable under the unrestrictive open rule as well as the
somewhat restrictive modified rule. In contrast, the restrictive closed rule always leads to inefficiencies. When
committees are homogeneous, the situation is different. All equilibria are inefficient regardless of legislative
rules, but the closed rule leads to greater informational efficiency than does the open rule. Furthermore, the
efficiency gains under the closed rule more than offset distributional losses regardless of the degree of
preference divergence. We also examine the incentives provided by the different rules for information

acquisition and committee specialization.

t is universally acknowledged that the process of

legislation can have a dramatic effect on policy.

Legislative rules determine how bills are intro-
duced, amended, and voted upon. Since the mid-
nineteenth century, specialized standing committees
have come to play an important role in the U.S.
congressional process, because almost all bills are
drafted in committee before being sent to the floor for
a vote. The House of Representatives has eighteen
committees specializing in a range of issues, including
the important Rules Committee. It sets the rules under
which each bill is considered, and these determine
whether and how the bill may be amended. The closed
rule is a restrictive procedure that does not permit
amendments to be offered on the floor, whereas the
open rule allows amendments to be freely offered.
Currently, some intermediate type of restrictive rule is
used for most bills. Sinclair (1994) points out that
restrictive rules are used with increasing frequency.
They were applied to only 15% of the bills in the 95th
Congress, compared to 66% in the 102d Congress.! A
practical effect of these amendment limitations is to
give considerable power to committees in guiding the
final form of the bill to the House floor.

Why does the House adopt restrictive amendment
procedures, thereby ceding substantial authority to the
committees? Theoretical explanations fall into two
major categories, and the debate about them has been
termed the institutional design controversy (Sinclair
1994). Distributive theories postulate that the legisla-
tive process is organized so as to facilitate rent extrac-
tion on the part of members. As a result, a committee
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is likely to be the subset of the legislature with the most
to gain from the actions of the committee, and restric-
tive rules allow these members to appropriate rents
from legislation. Informational theories postulate that
the role of the committee is to gather information
relevant to the legislation. The legislative process itself
is a device for conveying information from the commit-
tee to the legislature, and restrictive rules may be more
effective at this than unrestrictive rules. This article
reexamines the major tenets of informational theories.

In two important works, Gilligan and Krehbiel
(1987, 1989) develop formal models that constitute the
underpinnings of informational theory. Their analysis
is based on two premises. First, information gathering
is the primary reason for the existence of specialized
committees. By holding hearings and other investiga-
tions into the effect of various policies, they obtain a
degree of knowledge not possessed by other members
of the House. Second, the interests of committee
members are not the same as those of the median voter
on the House floor. Thus, there is both an asymmetry
of information and a divergence of preferences be-
tween the committee and the legislature. Various
actions by the committee convey information to, and
thus indirectly influence, the legislature. Legislative
rules affect how much information transmission takes
place as well as how this information is translated into
policy outcomes.

Open, closed, and modified (an intermediate form)
legislative rules are evaluated on two grounds. First,
how effective is a particular rule in overcoming the
asymmetry of information? Different rules result in
different amounts of information flowing from the
committee to the legislature, and the more information
that flows, the better it is for all parties. It is argued that
greater informational efficiency may be fostered by
rules that evolve in practice.? Second, how effective is a
particular rule in providing the committee with the
incentives to acquire relevant information? Different
rules provide different incentives, and if information

2 A rule is said to have greater informational efficiency than others if
it transmits more information from the committee to the legislature.
Put another way, the residual uncertainty faced by the legislature
under that rule is smaller than under others.

435



Asymmetric Information and Legislative Rules: Some Amendments

June 2001

acquisition is costly for the committee, it may be that
one set of rules leads it to acquire the information and
become specialized, whereas another set does not. It is
argued that greater specialization may be fostered by
rules that evolve in practice.

In this article, we study the most informationally
efficient equilibrium arising under each rule. We do
this separately for two cases: heterogeneous and ho-
mogeneous committee member preferences. We also
study the incentives to specialize. Our three main
findings can be summarized as follows. First, with
heterogeneous committees, the open and modified
rules are fully informationally efficient, and the legis-
lature faces no residual uncertainty (propositions 1 and
5, below). In contrast, all legislative equilibria under
the closed rule are informationally inefficient (propo-
sition 2). Second, with homogeneous committees, the
closed rule is more informationally efficient than the
open rule, regardless of the divergence of preferences
among the committee and the legislature (propositions
6 and 8). Third, with heterogeneous committees, the
modified rule provides the best overall incentives to
specialize. With homogeneous committees, the closed
rule provides the best overall incentives.

RELATED THEORETICAL WORK

The models we study were introduced by Gilligan and
Krehbiel (1987, 1989), who found that informational
inefficiency is pervasive, regardless of the particular
rule or committee preferences. When the committee is
heterogeneous, they found the closed rule most effi-
cient. When the committee is homogeneous, the rela-
tive efficiency of rules depends upon the degree of
preference divergence between the committee and the
legislature. Closed are superior to open rules if that
divergence is not too great, and the reverse is true
when the divergence is large.

Our results differ significantly from those of Gilligan
and Krehbiel. Since our model and methods are iden-
tical, it is worth exploring the reasons for this discrep-
ancy. Informational theory models typically have mul-
tiple equilibria. Hence, a comparison of rules is also a
comparison of a single equilibrium selected for each
rule. It is important that the criterion used to select a
particular equilibrium be applied in a consistent man-
ner across all rules. Gilligan and Krehbiel (1987, 1989)
propose maximal informational efficiency as the appro-
priate criterion (see the next section), but we show that
they do not apply it consistently. We apply this crite-
rion uniformly for each rule under consideration,
which accounts for the difference in our results and
theirs. Detailed comparisons and contrasts are dis-
cussed later.

Our work is also related to Epstein (1998), who looks
at equilibria arising in the Gilligan and Krehbiel (1989)
model when the majority committee median has gate-
keeping power and all committee members are special-
ized. He points out that the equilibrium selected under
the open rule by Gilligan and Krehbiel is not robust to
the introduction of asymmetric committees. The equi-
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libria we analyze under the open or modified rule are
not subject to this criticism.

Baron (1999) modifies the Gilligan and Krehbiel
(1987) model and allows the legislature to design
contracts conditional on the bill proposed by the
committee. Thus, his framework is a screening model
of legislative rules as opposed to a signaling model.

Absent any rules restrictions, the actions of the
committee are just “cheap talk.” Crawford and Sobel
(1982) analyze a general cheap talk model with a single
sender and find that full informational efficiency can-
not be attained. Battaglini (2000) studies two-sender
cheap talk models in which the underlying uncertainty
may be multidimensional. He introduces a model in
which committee members are perfectly informed only
with probability 1 — € and examines the limiting case as
€ becomes small. Equilibria that are robust to such a
modification are called e-stable. Battaglini’s main re-
sult is that full informational efficiency can be achieved
only when there is more than one dimension of uncer-
tainty. Since the equilibria we construct under the open
rule are fully efficient, they are not e-stable. The full
implications of e-stability in the one-dimensional case
are yet to be explored. For instance, there is no
characterization of the most efficient e-stable equilib-
rium, even under the open rule. Furthermore, how this
requirement affects equilibria under restrictive rules
remains an open question as well.

Austen-Smith (1990) examines the influence on the
legislative process of cheap talk, that is, debates. He
finds that these play a significant role in setting the
legislative agenda, even if they are informationally
irrelevant. Austen-Smith (1993) also examines belief
formation in a setting in which the committee and the
legislature have different prior distributions that are
not commonly known. He then evaluates how the
process by which bills are referred to committee can
affect outcomes. Again, the issue of restrictive rules is
not central to his analysis.

Restrictive legislative rules are a means of agenda
control on the part of the committee. Agenda control
has been studied in other contexts as well. For example,
Romer and Rosenthal (1979) use a model of monopoly
agenda control by a budget-maximizing bureaucrat to
show that the median voter theorem may not hold in
these circumstances. Banks (1990) extends their model
to a situation of asymmetric information, so that only
the agenda-setting bureaucrat knows the “disagree-
ment outcome” if the proposal put forward is rejected.

Shepsle and Weingast (1987) study a model that
seeks to isolate the sources from which committees
derive political power. They show how the legislative
process confers such power on committees and high-
light the important role played by committees during
the conference procedure in a bicameral legislature.

Dewatripont and Tirole (1999) examine the special-
ization question in a model of advocates. Although the
information gathering role of an advocate is similar to
that of a committee member, there are many important
differences. First, the decision maker can commit to
direct monetary compensation of the advocates (as in
Baron 1999 also). Second, the advocates are ideologi-
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cally neutral: They are not directly interested in the
decision (the legislation) itself and care about it only to
the extent that their reward may be contingent on the
decision. Finally, the advocates are given only limited
strategic power: They can either conceal the informa-
tion they have acquired or reveal it truthfully. Dewat-
ripont and Tirole show the informational benefits of
heterogeneity in areas of specialization, not prefer-
ences. One may question, however, whether a frame-
work in which the legislature can, in effect, sign an
optimal contract with ideologically neutral committee
members and compensate them monetarily is appro-
priate as a model of congressional committees. More-
over, the model is silent on the effect of process, in the
form of restrictive rules, on legislative outcomes.

We will begin by sketching the informational theory
models of legislative rules. We then study informa-
tional efficiency for open, modified, and closed rules
when committees are heterogeneous. We next consider
the case of a homogeneous committee and compare
open and closed rules. We then endogenize the spe-
cialization decision of the committee and study the
efficacy of restrictive rules with both heterogeneous
and homogeneous committees. Finally, we discuss
some of the empirical implications of our results and
conclude with some comments on what our results say
regarding the institutional design controversy. Detailed
proofs of all propositions are contained in the Appen-
dix.

THE MODEL

We will briefly sketch the Gilligan and Krehbiel (1989)
model of legislation that originates in heterogeneous
committees. The reader should refer to their article for
further details and motivation. To facilitate compari-
son, we adopt their notation exactly.

There are three players in the game. Initial proposals
are made by two committee members, c1 and c2. The
third player is the legislature, €, which ultimately deter-
mines the policy to be adopted. All players care about
a unidimensional outcome x € X. Each committee
member has an ideal outcome, denoted by x..; and x_,,
respectively. The legislature’s ideal outcome, x,, is set
equal to zero without loss of generality. All players use
“quadratic loss” utility functions to evaluate actual
outcomes. Thus, the legislature’s utility from an out-
come x is

uex) = —(xe —x)* = —x?,

whereas the committee members’ utilities are
ua(x) = —(xq — x)* and u,(x) = —(x, — x)%

respectively. It is supposed that x.; = 0, and x,, =
—X.1. Thus, each committee member is “biased” rela-
tive to the legislature, and the two members are biased
in opposite directions. In what follows, we write x.; =
x. and x., = —x,.

The committee proposes one or more bills, b, and
the legislature then chooses a policy p € P C R. The
policy p results in an uncertain outcome, x = p + o,

that depends on some underlying state of nature w €
[0, 1]. Because the state of nature is assumed to be
uniformly distributed, o has mean @ = %2 and variance
02 = Vi It is assumed that x, < 302 = Va,

There is an exogenously given status quo policy, p,.
We suppose that —1 < p, < 0, so it is not the case that
the status quo policy is never optimal from the per-
spective of the legislature. Indeed, it is optimal if @ =
~Po-

The sequence of moves is as follows. First, nature
reveals the state w to both committee members. Sec-
ond, the committee members send bills to the legisla-
ture in accordance with the rules set out below. Third,
the legislature adopts a policy in accordance with the
rules.

Legislative Rules

Three different rules governing the legislative process
are considered. (1) The open rule allows both c1 and
c2 to propose bills, b, € P and b, € P, respectively.
The legislature is free to choose any policy p € P it
wishes. (2) The closed rule allows c1 to propose a bill
b € P but does not allow c2 to make a proposal.
Instead, c2 can influence the policy only by making a
speech of the form o € [a, b]. The legislature is
constrained to choose from the set {b, po}, where p is
the status quo policy. (3) The modified rule also allows
both ¢l and c¢2 to propose bills, b; and b,. The
legislature is constrained to choose among the policies
{b 1» b 2 Po}-

Strategies and Solution Concept

A strategy for committee i, b;(w), specifies a bill to
propose for each state of nature. A strategy for the
legislature p(b,, b,) specifies a feasible policy for each
pair of bills. Finally, the legislature forms a posterior
distribution g(b;, b,) over the state space.

We use exactly the same solution concept as Gilligan
and Krehbiel (1987, 1989), that of legislative equilib-
rium, to determine the set of outcomes arising under
the various rules.?> Formally, strategies and beliefs,
(b1(w), b3(w), p*(bs, by), g*(b1, by)), comprise a
legislative equilibrium if (1) the legislature selects the
policy that maximizes expected payoffs given beliefs;
(2) each committee member chooses b; to maximize
payoffs, given p*(b,, b,); and (3) beliefs are formed
using Bayes’s rule wherever possible.

Equilibrium Selection Criterion

We choose the most informationally efficient equilib-
rium occurring under each rule. This is the natural
criterion in the context of informational theories. In-
deed, Gilligan and Krehbiel (1989, 461, emphasis in the
original) write: “the primary and unique focus of the
analysis is on the informational efficiency of rules.”

3 A legislative equilibrium is the same as a perfect Bayesian equilib-
rium of a costless signaling game. See Banks 1991 for a detailed
account of the use of signaling games in political science.
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Because greater informational efficiency leads to a
greater reduction in uncertainty, it is a collective good
that is unanimously preferred.

We contend that the major implications of informa-
tional theory to date are derived by selecting equilibria
under the different rules in an inconsistent manner. For
instance, the conclusions of Gilligan and Krehbiel
(1987) are based on comparing an informationally
efficient equilibrium under the open rule to an infor-
mationally inefficient equilibrium under the closed
rule. Likewise, the equilibria selected by Gilligan and
Krehbiel (1989) for each of the rules (open, modified,
and closed) are not the most informationally efficient.

Measuring Informational Efficiency

In order to obtain a measure of informational effi-
ciency, we define the equilibrium outcome function as

X(0) =p*(bi(w), b3(w)) + w.

We can then write the expected utility of the legislature
as

Eu,=—VarX - (EX)?,

——
Informational  Distributional

where Var X, the variance of the random variable X,
represents _informational losses to the floor median,
and (EX)? represents distributional losses. Likewise,
for a committee member, let us say c1, we have:

Eu,=—-E(x, — A,)2
=—Var X — (EX —x.)%

Distributional

Informational

The variance in outcomes is a measure of informa-
tional efficiency and can be used to compare both
different equilibria under a given legislative rule and,
for given equilibrium selections, the rules themselves.

Homogeneous Committees

The model of a homogeneous committee is identical to
that above if one deletes player c2 from the game.
Absent ¢2, the definitions of modified and closed rules
are identical; hence, only two rules (open and closed)
are considered in this environment.

HETEROGENEOUS COMMITTEES

In this section, we compare the informational proper-
ties of the open, modified, and closed rules in the case
of heterogeneous committees.

Open Rule

With heterogeneous committees, when no rule restric-
tions are in place, it is possible to obtain full informa-
tional efficiency through the bills proposed by the
committee.
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Several definitions will prove helpful. Fix an equilib-
rium under the open rule. Given proposals b, and b,
from committee members c1 and c2, respectively, we
will say that the two committee members agree if there
exists an o such that b7(w) = b, and b%(w) = b,. In
other words, proposals b, and b, are consistent with
the equilibrium. If there is no such w, then the com-
mittee members are said to disagree. In that case, the
legislature can be sure that at least one committee
member has deviated from the equilibrium strategy.

ProposiTION 1. A legislative equilibrium under the open
rule is

bi(w) = ~o,
g, | o~ 2 ifos=1-2
bz(‘*’)“{ o+ 2, fo>1-2r
If c1 and c2 agree, then
p*(by, by) = b,.

If c1 and c2 disagree and b, b, € [—
*(by, by) = by if uea(by + 1) > ue(by + wy)
POL 0D =0 by ifug(by + w1) < ue(b + o))

where ; = —b, and u,(x) = —(—x. — x)%
If c1 and c2 disagree, b; ¢ [—1, 0], and b; € [—1,
—0], then

1, 0], then

P*(bl, b,) = bj~
Otherwise,

p*(by, by) = po.
The beliefs of the legislature are

8* (b1, by) = —p*(by, bo).
The expected utilities are
FEu,=0,
Eu., = —x’=Eu,,.

Figure 1 illustrates the open rule equilibrium iden-
tified in proposition 1.

The strategies in proposition 1 can be explained
intuitively as follows. The majority bills coincide with
the legislature’s ideal policy in each state. The minority
bills, however, do not coincide with the ideal policy for
the legislature and are not fully revealing. If the
majority and minority members agree, that is, a state
exists that would result in the bills proposed, then the
legislature infers that both are telling the truth and
adopts the majority bill.

In case of a disagreement, the legislature first hy-
pothesizes that the majority is reporting accurately.
Under this hypothesis, if the minority proposal is
“self-serving,” in the sense that adoption of its bill
would benefit it relative to adoption of the majority bill,
then the legislature accepts the working hypothesis that
the majority is reporting accurately and adopts the
majority bill. Under the same hypothesis, if the minor-
ity proposal is not deemed self-serving, the legislature
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FIGURE 1. An Informationally Efficient Equilibrium under the Open Rule
b, p, x
Xc
Outcome
x*
0
—X - In equilibrium, p*=b}
Majority bill (the majority bill is
always adopted).
-2, -
AN
\\
_1+4Xc - \
AN
AN
~1+2x. N
b3
AN
_1 T 1 w
0 1_2xc 1

Note: The horizontal axis measures the state of nature (w}—known to committee members but not to the legislature. The vertical axis simultaneously
measures bills proposed (b4, b,), policies adopted (p), and outcomes (x). The legislature’s ideal outcome is zero. Since the outcome is simply the sum
of the state and the policy, the legislature’s ideal policy lies along the negative 45-degree line. The line segments in the figure denoted with asterisks are
the bills, policies, and outcomes occurring in equilibrium. The figure depicts an equilibrium where, in each state, the majority proposes the legislature’s
ideal, which is then adopted, so the outcome, labeled x*, is zero in every state. The minority proposes more extreme bills, which serve to discipline the
majority. The discontinuous line, labeled b}, depicts the minority’s bills. The discontinuity occurs in state » = 1 — 2x,, depicted on the horizontal axis,
where the minority is indifferent between the legislature’s ideal policy, p = —1 + 2x,, and the lowest possible policy, p = —1, both depicted on the

vertical axis.

rejects the hypothesis that the majority is reporting
accurately and adopts the minority bill. Notice that the
minority has no incentive to induce disagreement be-
cause in exactly the circumstances in which the bill it
proposes is advantageous, such a bill will be viewed as
self-serving and not be adopted.

The argument that the majority also wishes to follow
the equilibrium strategy is slightly more involved. In
equilibrium, the majority never prefers the minority bill
to its own, so it will never induce a disagreement that
leads to adoption of the minority bill. Could the
majority benefit by inducing a disagreement that leads
to adoption of its own bill? That would require the
minority bill to appear self-serving. When the minority

bill is lower than the legislature’s ideal, it will be
deemed self-serving only if the majority bill is also
lower than the legislature’s ideal. Since the majority’s
ideal is higher than the legislature’s, this cannot be
advantageous for the majority. When the minority bill
is higher than the legislature’s ideal, it will be deemed
self-serving only if the majority bill is even higher.
Notice, however, that the bill the minority proposes in
these situations is already so high that the majority is
just indifferent between it and the legislature’s ideal.
Thus, proposing an even higher bill cannot be advan-
tageous for the majority.

In equilibrium, the majority bill is always adopted, so
it seems the minority has little influence. Yet, the
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minority bills have an important preventive role to
play, since they act to discipline the majority and are
the key to generating full informational efficiency.*

It is useful to contrast the fully revealing equilibrium
in proposition 1 with the partially revealing equilibrium
constructed by Gilligan and Krehbiel (1989) in their
proposition 1.5 To facilitate the comparison, consider
an example in which x, = Y. In the Gilligan and
Krehbiel construction, the legislature is able to obtain
its ideal policy only when the state is extreme, either
very small (o < %) or very large (w > %). In
intermediate states, a single default policy (b = —12)
is adopted. Their equilibrium is sustained as follows.
When the states are extreme, both the majority and the
minority propose their ideal bills, b, = —w + V8 and
b, = —o — Y3, respectively. Because the difference in
two ideal bills is always the same (b; — b, = V4), the
legislature is able to infer that they “agree.” The
legislature then splits the difference between these two
bills by amending one of them to policy —w, which is
also the legislature’s ideal policy. In moderate states,
the majority and minority propose bills chosen ran-
domly from [—74, ¥s] and [—%5, — 4], respectively. This
results in a disagreement almost always, in which case
the legislature infers only that the state is between Y4
and %. It is then optimal for the legislature to adopt
the default bill.

Notice that when the state is sufficiently extreme
(w < Va or w > ¥), both the minority and the majority
prefer the legislature’s ideal policy, —w, to the default
bill, —%4. For more moderate states (o € [V4, %4]), at
least one of the committee members prefers the default
bill to —w and so chooses to send a bill at random.
Thus, the legislature’s ideal policy is adopted only half
the time. The (residual) variance in outcomes is Y66.

In our construction, the strategies specified in prop-
osition 1 require that the minority propose the bill
—w — Y4 if o = % and propose —o + Y if @ > ¥4. In
every state, w, the majority always proposes the bill
—w. Two key features generate full revelation in this
equilibrium. First, in every state w the majority never
prefers the minority bill to —w. Second, the minority
bill is not adopted if it is viewed as self-serving. In the
example, a minority bill is self-serving if and only if
b, > b, > b, — Ya, that is, when the minority bill is
lower than the majority bill, but not by too much. We
have already explained why neither member has any
incentive to deviate. In equilibrium, the legislature’s
ideal policy is always adopted, and the (residual)
variance in outcomes is 0.

Our construction differs in several important re-
spects. First, it is intuitive. The legislature simply
adopts the bill proposed by the majority. The minority
bill (mostly) is biased in the direction that the minority
favors. In the event of a disagreement, it seems likely
that the legislature may try to judge the motives of the

41t is intuitive that the minority can discipline the majority by
proposing very extreme bills. In our construction, however, the
minority bills are not too extreme: They all lie within 2x,. of the
legislature’s ideal policy —w.

5 The reader may wish to compare our Figure 1 with Figure 1 in
Gilligan and Krehbiel 1989, 470.
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minority using the yardstick set by the majority and
decide which bill to adopt on this basis. In addition, the
bills proposed by the committee in our construction are
neither random nor extreme, that is, outside the set of
policies the legislature might conceivably wish to
adopt, [—1, 0].

Second, the preceding arguments do not make ex-
plicit use of the particular structure of the model. Our
construction above is for the case in which the com-
mittee members are symmetrically opposed to one
another, but it is easy to verify that a similar construc-
tion is valid for all values of x; and x.,, such thatx_, —
X., < V2. Moreover, we do not rely on the assumption
that the distribution of states is uniform or that pref-
erences are quadratic. Indeed, one can show that the
legislature, by using the self-serving yardstick to judge
majority and minority bills, can successfully induce full
informational efficiency in a more general set-up.

A key feature of our construction is that the legisla-
ture is flexible in resolving disagreements among the
committee members. That is, in the event of disagree-
ment, the bill adopted by the legislature depends on
the nature of the disagreement. This flexibility is
essential to obtaining full informational efficiency.

The equilibrium described in proposition 1 leads to
the outcome 0 in every state, so it follows that this is the
best equilibrium for the legislature. But notice that
EX = 0 for all equilibria under the open rule. This is
because in any equilibrium, following any pair of bills
by, b,, the legislature must choose p*(b,, b,) =
—E(w|b;, b,), the expectation of —w conditional on
the signals. Because, in equilibrium, the beliefs are
formed using Bayes’s rule, this implies that EX = 0.
Thus, all equilibria arising under open rules are opti-
mal from a distributional perspective. Combining this
with the efficiency properties of the equilibrium in
proposition 1 implies that this equilibrium is unani-
mously preferred to all others arising under the open
rule. Finally, we have:

CoROLLARY 1. The equilibrium described in proposition 1
is unanimously preferred to all equilibria under the
open rule.

Closed Rule

In the previous section we showed that under the open
rule full informational efficiency can be achieved. Here
we show that the additional restrictions imposed by the
closed rule preclude such outcomes. In particular, for a
nontrivial interval of states, the status quo policy is
chosen even though it is not the ideal policy for any of
the parties.
In contrast to proposition 1, we have:

PRrorosITION 2. Every equilibrium under the closed rule is
informationally inefficient.

The intuition for this result is that when the status
quo policy coincides with the ideal policy of the
majority member, he can guarantee this by proposing
b = p,. In other words, the majority chooses to kill the
proposed legislation in committee, which leaves the
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status quo as the only option available to the legisla-
ture. When the status quo policy is lower than the ideal
policy for the majority, disagreement between the
majority and the legislature leads the majority to kill
that bill as well. It is not in the interest of the majority
to propose a policy lower than the status quo, and it is
not in the interest of the legislature to adopt a policy
higher than the status quo. Hence, there is an interval
in which neither party gets its ideal policy.

We next show that informational losses are unavoid-
able under the closed rule, but distributional losses are
not. Fix an equilibrium under the closed rule. Given a
bill b from c1 and a speech s from c2, we will say that
the two committee members agree if there exists an o
such that b = b*(w) and s C s*(w). In other words, b
and s are consistent with the equilibrium. If there is no
such o, then the committee members are said to
disagree. If there is a disagreement, then the legislature
can be sure that at least one committee member has
deviated from the equilibrium strategy.

PROPOSITION 3. A legislative equilibrium under the closed
rule is:

b*(w) =
- ifw= —2x: = po
—2w + (_Zxc _PO) lf _Zxc —Po=W®O=—X.— Do
Do if x.—po<o<x.—py ;
=20+ (2. —po) ifx.—po=w=2u%.— pg

- if o=2x,—pg
s*(w) = —b*(w).
If c1 and c2 agree, then
p*(b,s) =b.
If c1 and c2 disagree, then

p*(ba S) = Po-
The beliefs of the legislature are
g*(bas)= U[_xc_POsxc—Po] lfb= —S=pp.
—Po ifb# —s

The expected utilities are

3

Eu,=— gxc,
4
Eud = - gxg - xf = Eucz.

Figure 2 illustrates the equilibrium described in
proposition 3.

The strategies used in proposition 3 can be under-
stood as follows. If both committee members prefer the
ideal policy of the legislature to the status quo, then the
ideal policy is proposed by the majority, supported by
the minority, and adopted. If only the majority (minor-
ity) prefers the status quo to the ideal policy, then a
compromise bill, b, such that the majority (minority) is
indifferent between b and the status quo, is proposed

by the majority, supported by the minority, and
adopted. If the compromise bill is worse than the status
quo for either the majority or the minority, then the bill
is killed in committee. A feature of the equilibrium is
that all bills are supported by the minority, that is,
“cosponsored.”

Again, it is useful to compare the equilibrium in
proposition 3 to the equilibrium under the closed rule
constructed by Gilligan and Krehbiel.6 The two con-
structions are not too dissimilar, but in the Gilligan and
Krehbiel equilibrium the majority party is able to wield
its power and obtain its ideal policy a significant
proportion of the time. As an example, if x, = /s and
Po = — VY2, then the majority’s ideal policy results half
the time (when o < Y8 or when o > %), but the ideal
policy of the legislature is never realized. The fact that
the majority wields such power in the Gilligan and
Krehbiel equilibrium leads to significant distributional
losses relative to our equilibrium. In addition, there are
also informational losses. Continuing with the example,
in the Gilligan and Krehbiel equilibrium the variance
of outcomes is %78, whereas the distributional losses
are Yse.

In contrast, in the equilibrium of proposition 3, the
ideal policy of the legislature is adopted half the time
(when w < ¥4 or when w > %), and the ideal policy of
the majority is never realized. In addition, the fre-
quency with which legislative compromise tilts in favor
of the majority is exactly the same as the frequency
with which it tilts in favor of the minority. Thus,
although there are distributional effects in specific
instances, these exactly offset each other. As a result,
there are no distributional losses, and the variance of
outcomes is Y216. Thus, on both informational and
distributional grounds this equilibrium dominates the
Gilligan and Krehbiel equilibrium.

A key feature of all equilibria under the closed rule
is a substantial amount of inertia; that is, the ideal
policy for the legislature must diverge widely from the
status quo for any change in policy to take place. For
instance, in the example studied above, there is no
change in policy from the status quo for all states w €
[%5, ¥8].

Our next result shows that from the perspective of
the legislature the equilibrium constructed in proposi-
tion 3 dominates all equilibria under the closed rule.

ProrosiTiON 4. The legislative equilibrium identified in
proposition 3 is the best for the legislature among all
equilibria under the closed rule.

Under the restrictive closed rule, the legislature
cedes substantial power to the majority member on the
committee. As proposition 2 demonstrates, this inevi-
tably leads to informational losses. But this need not
necessarily lead to distributional losses: In the equilib-
rium of proposition 3 there are none. As a conse-
quence, the most informative equilibrium under the
open or modified rule is unanimously preferred to the
above equilibrium under the closed rule.

6 The reader may wish to compare our Figure 2 with Figure 3 in
Gilligan and Krehbiel 1989, 479.
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FIGURE 2. An Equilibrium under the Closed Rule

b, p, x
X
Outcome
x*
0
—Xc In equilibrium, p*=b*
(the majority bill is
Po+2x: always adopted).
Po \
Status
quo
P0—2XC—
-1 T T T T T T W
0 2x—py XPo “Po XPo  2x—py 1

Note: The horizontal axis measures the state of nature (w}—known to committee members but not to the legislature. The vertical axis simultaneously
measures majority bills (b), policies adopted (p), and outcomes (x). Notice that under the closed rule, only the majority can propose bills. The status quo
policy (po) is also depicted on the vertical axis and is set equal to negative one-half. The legislature’s ideal outcome is zero. The line segments in the figure
denoted with asterisks are the bills, policies, and outcomes occurring in equilibrium. The figure depicts an equilibrium where, in extreme states (close to
zero or close to one), the majority proposes the legislature’s ideal. In states close to one-half, the status quo is maintained. The status quo policy, po,
depicted on the vertical axis, first gets adopted in state ® = —x. — p,, depicted on the horizontal axis. In intermediate states, the majority proposes
a “compromise” policy midway between the legislature’s ideal and the status quo. In the figure, these compromise policies begin in state = —2x, —
Po, depicted on the horizontal axis, where the minority is indifferent between the legislature’s ideal policy, p = p, + 2x., and the status quo policy, p,,
both depicted on the vertical axis. The majority’s proposals are always adopted. The dark line, labeled x*, depicts the resulting outcomes.

Modified Rule

We have demonstrated that under the open rule full
informational efficiency is possible (proposition 1) and

tion 1 is also a legislative equilibrium under the
modified rule.

that under the closed rule it is impossible (proposition
2). Together these seem to suggest that restrictive rules
also restrict the amount of information transmitted
from the committee to the legislature. Our next result
shows, however, that this view is mistaken: Under the
restrictive modified rule, full informational efficiency
can be achieved.

ProrosiTION 5. Fix any status quo p,. The legislative
equilibrium under the open rule described in proposi-
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Proposition 5 follows immediately from an examina-
tion of the equilibrium strategies given in proposition
1: The strategy of the legislature always consists of a
choice from the set {b,, b,, p,}, thus conforming to
the modified rule.

It is useful to contrast the restrictions on possible
policies under the closed rule with those under the
modified rule. Under the closed rule, in the event of a
disagreement between committee members, the only
recourse of the legislature is to adopt the status quo,
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TABLE 1. Legislature’s Preferences over
Rules with a Heterogeneous Committee
Rank Informational Distributional

1. Open/Modified Open/Modified/Closed
2. Closed —

which leads to the “inertia” observed under the closed
rule. In contrast, under the modified rule, the legisla-
ture can choose the minority proposal in the event of a
disagreement. As proposition 1 shows, this additional
flexibility is all that is necessary to generate full effi-
ciency.

A Comparison of Rules

Using the expected utility calculations in propositions
1, 3, and 5, we obtain the ranking in Table 1 among the
equilibria under each of the rules.

We see that, in contrast to the trade-off illustrated in
Gilligan and Krehbiel (1989), the open and modified
rules dominate the closed rule according to both
informational and distributional criteria. Moreover,
regardless of the status quo action, modified rules are
just as effective as open rules and superior to com-
pletely closed rules in terms of informational efficiency,
regardless of the degree of preference divergence.

HOMOGENEOUS COMMITTEES

We now examine informational efficiency for the case
of homogeneous committee preferences, that is, the
committee may be represented by a single pivotal
actor. In this case, the modified and closed rules are the
same, so we compare only the open and closed rules.

Open Rule

Under the open rule, the Gilligan and Krehbiel (1987)
model is isomorphic to the costless signaling model of
Crawford and Sobel (1982). That is, all legislative
equilibria arising under the open rule have only a finite
number of equilibrium policies (see lemma 1 of Craw-
ford and Sobel 1982) and thus are informationally
inefficient.

COROLLARY 2. Every equilibrium under the open rule with
a homogeneous committee is informationally ineffi-
cient.

Theorem 3 of Crawford and Sobel (1982) character-
izes the most informationally efficient equilibrium un-
der the open rule with homogeneous committees. For
future reference, we state this as follows.

ProposITION 6. The most informationally efficient equi-
librium under the open rule with a homogeneous
committee results in the following expected utilities:

1 xXX(N?-1)

Bue= -y~ —3

1 xX(N*-1)
SN 3
where N is the smallest positive integer greater than or
equal to (—V2 + V2V (1 + %,)).

As is the case under open rules with heterogeneous
committees, no equilibrium entails distributional
losses. The one that is most informationally efficient is
also unanimously preferred by all parties.

2
Xcs

Eu, =

Closed Rule

We now compare the information content under the
open rule relative to the closed rule. Notice that
proposition 2 holds as well for a homogeneous com-
mittee.

ProposITION 7. Every equilibrium under the closed rule
with a homogeneous committee is informationally
inefficient.

Because both open and closed rules lead to informa-
tional inefficiencies, we must examine the informative-
ness of equilibria under the closed rule as compared to
the open rule.

ProposiTION 8. Suppose 3x. = —p, =1 — x.. With a
homogeneous committee, a legislative equilibrium un-
der the closed rule is:

b*(w) =
if05w5_3xc_p0
4, +po if "X —pp=w=-2x —pg
2, +py if ~2x.—pg<o<—pg
Po if —po=w=x.—pg
—0otx, ifx,—p=o=1
p*(b) =

b ifb ¢ (po, 2xc + po) U (2x. + py, 4x. + po)
Do otherwise

-+ X,

b

The beliefs of the legislature are:

g*(b) =
x.— b ifdx. + po<b=x,
U([_3xc —Po _Zxc _P()]) lfb = 4xc + po
U([—2x; = po, —Pol) ifb=2x.+pg
U([=po, =po + xc]) if b =pg
x.—b if —1+x.=b<pg
~Po otherwise
The expected utilities are

4
Eu( == gxg _xl,2‘9
4
Eu, = - gxf

Figure 3 illustrates the closed rule equilibrium iden-
tified in proposition 8.

443



Asymmetric Information and Legislative Rules: Some Amendments June 2001
FIGURE 3. An Equilibrium under the Closed Rule with a Homogeneous Committee
b, p, x
X Outcome
x*
Xc Xt
b*
Po +4xc . .
P
0 In equilibrium, p*=b*
(the committee bill
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b*
Po +2xc 7 .
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\ Committee
bill
Status
quo
—14x T T T T ™ W
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Note: The horizontal axis measures the state of nature (w}—known to the committee but not to the legislature. The vertical axis simultaneously measures
committee bills (b), policies adopted (p), and outcomes (x). The status quo policy (p,) is also depicted on the vertical axis. The legislature’s ideal
outcome is zero while the committee’s ideal outcome is x.. The line segments in the figure denoted with asterisks are the bills, policies, and outcomes
occurring in equilibrium. The figure depicts an equilibrium under the closed rule where, in extreme states (close to zero or close to one), the committee
proposes its ideal policy. In intermediate states, the committee proposes one of three bills, one of which is the status quo. The discontinuous line with
three steps, labeled b*, depicts the committee proposals, which are always adopted. In the figure, the first discontinuity occurs in state ® = —2x. — po,
depicted on the horizontal axis, where the committee is indifferent between the policy, p = p, + 4x., and the legislature’s ideal policy, po + 2x., both
depicted on the vertical axis. The second discontinuity occurs in state @ = —p,, depicted on the horizontal axis, where the committee is indifferent
between the policy, p = po + 2x., and the legislature’s ideal policy, which happens to be the status quo p,, both depicted on the vertical axis. The dark
line, labeled x*, depicts the resulting outcomes.

The intuition for this result is that, when the legis-
lature’s ideal policy diverges substantially from the
status quo, the legislature is willing to cede power to
the committee and exchange distributional losses for
informational gains. In these circumstances, the com-
mittee proposes its own ideal policy; confronted with
the choice between this and the status quo, the legis-
lature adopts the proposed bill. When the legislature’s
ideal policy is close to the status quo, the committee
cannot force the legislature to accede to its demands.
The situation becomes much more complex, and in
equilibrium the committee proposes one of three pol-
icies. In particular, when the status quo lies between
the legislature’s ideal policy and the committee’s ideal
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policy, no compromise can be reached, so no new
policy is adopted.

This equilibrium is similar to the one constructed by
Gilligan and Krehbiel (1987, proposition 5). Their
construction differs from ours in that for states between
—po — 3x. and —p, + x_ only two policies are chosen.
As a consequence, the informational efficiency of the
equilibrium in our proposition 8 is higher than in the
Gilligan and Krehbiel equilibrium. At the same time
the distributional losses in the two equilibria are the
same. As a result, the equilibrium derived here is
unanimously preferred to the Gilligan and Krehbiel
equilibrium. More concretely, consider the case in
whichx, = Vs and py = — V2. The distributional losses
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TABLE 2. Legislature’s Preferences over
Rules with a Homogeneous Committee

Rank Informational Distributional Overall
1. Closed Open Closed
2. Open Closed Open

in both the Gilligan and Krehbiel equilibrium and the
equilibrium in proposition 8 amount to Ye4. The latter
is superior on informational grounds, however, with
informational losses of Y384 compared to losses of o6 in
the Gilligan and Krehbiel equilibrium.

Comparison of Rules

It appears to be difficult to characterize explicitly the
most informative legislative equilibrium under the
closed rule with a homogeneous committee. In partic-
ular, we do not know whether the equilibrium in
proposition 8 is the most informative. Nevertheless, a
comparison shows that for all values of x, < V4, this
closed rule equilibrium is more informative than any
equilibrium under the open rule. Furthermore, the
following proposition shows that this is preferred by
the legislature to any equilibrium under the open rule.

PRroOPOSITION 9. Suppose x, — 1 = —py = 3x.. With a
homogeneous committee, the equilibrium in proposi-
tion 8 is informationally superior to all open rule
equilibria. Furthermore, all open rule equilibria are
worse for the legislature than the equilibrium in prop-
osition 8.

The conclusion of proposition 9 alters the results of
Gilligan and Krehbiel (1987), who find the closed rule
superior to the open rule if and only if the committee
is not composed of “preference outliers,” that is, x, is
not too large. With preference outliers, the distribu-
tional losses to the legislature exceed any informational
gains in selecting the closed rule over the open rule.
We find that the potential informational gains under
the closed rule are, in fact, greater than in the Gilligan
and Krehbiel (1987) equilibrium. As a consequence,
informational gains always more than offset distribu-
tional losses, and the closed rule is superior even with
preference outliers. We summarize these findings in
Table 2.7

SPECIALIZATION

Thus far we have compared the informational effi-
ciency of different legislative rules under the assump-
tion that committee members are informed. An addi-
tional basis for comparing rules is the incentives that
each rule provides for the committee to become in-
formed about the implications of policies on outcomes.
Information gathering is expensive: The committee
staff does research, cost-benefit studies are conducted,

7 Because the distributional losses under the open rule are zero, the
losses under the best legislative equilibrium will always be (weakly)
larger.

hearings are held, and so on. Legislative rules differ in
the efficiency and distributional gains that accrue to the
committee, so it may well be that under one rule a
committee chooses to become informed, but under
another rule it does not. Clearly, the efficiency losses
due to remaining uninformed are likely to be severe.
To study these effects, we examine the efficiency and
distributional gains from specialization under each rule
for heterogeneous and homogeneous committees.8 In
this section, we suppose that the status quo reflects the
fact that the legislature is completely uninformed, that
is, po = — V2. We further suppose that the conditions
required for proposition 8 hold; in particular, 3x, <
—Pg, S0 X, = V.

Homogeneous Committees

With specialized committees, we showed that closed
rules lead to greater efficiency as well as distributional
gains to the committee as compared to the open rule.
When the committee is unspecialized, the best the
legislature can do under each rule is simply maintain
the status quo; thus, there are no differences, either in
efficiency or distributional effects, between the two
rules. As a consequence, the closed rule provides a
strictly greater incentive to specialize than does the
open rule. This is not to say that the committee will
specialize whenever it is socially desirable to do so.
Because efficiency gains accrue to both the committee
and the legislature, the committee’s specialization de-
cision does not take into account all the net social gains
from specialization. In other words, in some circum-
stances the committee will not choose to specialize
even though it is socially desirable to do so. Moreover,
the committee’s decision to specialize takes into ac-
count distributional gains to itself but not distributional
losses to the legislature. In other words, in some
circumstances a committee will choose to specialize
even though it is socially undesirable to do so. As a
result, although a closed rule provides the best incen-
tives to specialize, it does not align private and social
incentives.

Heterogeneous Committees

In heterogeneous committees, the exact nature of the
process by which committee members become in-
formed affects the incentives to specialize. It is useful
to distinguish two cases. If the information is acquired
publicly as a result of committee hearings or general
staff reports, then all committee members are in-
formed. If the information is acquired privately as a
result of staff working exclusively for either the major-
ity or minority, then it is possible that one side of the
committee is informed but the other is not.

Public Information. When information is publicly ac-
quired, the decision to become specialized is commit-
tee-wide, that is, either every member or none become

8 We omit the formal analysis underlying the results reported in this
section, but it may be obtained from the authors.
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specialized. As we showed previously, equilibria with
specialized committees under the open, modified, and
closed rules do not differ in their distributional char-
acteristics (indeed, all three rules lead to no distribu-
tional gains to either the majority or minority), but the
open and modified rules lead to greater efficiency gains
compared to the closed rule. In contrast, when the
committee is unspecialized, the best the legislature can
do under each rule is simply maintain the status quo;
hence there are no differences, either in efficiency or
distributional effects, among the rules. As a conse-
quence, the open and modified rules provide strictly
greater incentives to specialize than does the closed
rule. This happens because there are greater efficiency
gains under the open or modified rule, and the com-
mittee suffers no reductions in distributional gains
relative to the unspecialized case. Because distribu-
tional effects are absent, it is never the case that a
committee operating under these rules will choose to
specialize, even when it is socially undesirable to do so.
Of course, since the committee’s specialization deci-
sion does not account for the full efficiency gains
accruing to society, it is still the case that it may be
socially desirable to specialize, but the committee will
choose not to do so.

Private Information. When information is privately
acquired, the decision to specialize is taken separately
by the majority and the minority.

First, consider the majority’s specialization decision.
If the majority anticipates that the minority will remain
unspecialized, the strategic situation is the same as for
a homogeneous committee. This is obvious under the
open and closed rules. Under the modified rule, the
unspecialized minority could, in principle, actively par-
ticipate in shaping the legislative outcome. Yet, one
can show that such participation can only be detrimen-
tal on informational grounds. Thus, the incentives to
specialize under the modified rule are identical to
those under the closed rule in the homogeneous case.
Therefore, the closed and modified rules provide the
best incentives for the majority to specialize when the
minority remains unspecialized.

Next, suppose the majority anticipates that the mi-
nority will become informed. If the majority remains
unspecialized, then, under the open rule, the outcome
is the same as in the homogeneous case. Under the
modified rule, the unspecialized majority could, in
principle, be an active participant. Once again, this can
only have deleterious informational consequences, so
the most informative outcome is the same as under the
closed rule in the homogeneous case. Under the closed
rule, however, such active participation by the unspe-
cialized majority is beneficial. A comparison of these
outcomes to the outcomes when both are specialized
determines the majority’s specialization incentives. We
find that when preference divergence is large, the
adverse distributional effects associated with giving
power to the minority dominate; hence, the modified
rule provides the best incentives to specialize. When
preferences are less divergent, the relatively larger
efficiency gains associated with the closed rule domi-
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nate, and it provides the best incentives for the major-
ity to specialize.

Second, consider the minority’s specialization deci-
sion. If the minority anticipates that the majority will
remain unspecialized, then its gains from specialization
under the open rule are identical to those under the
open rule in the homogeneous case. For reasons given
above concerning the majority’s incentives, the gains to
the minority from specialization under the modified
rule are identical to those under the closed rule in the
homogeneous case. Under the closed rule, there are
some limited gains from specialization to the minori-
ty—it can work with the unspecialized majority to
overturn the status quo when that serves their mutual
best interest. We find that the modified rule provides
the best incentives for the minority to specialize when
the majority is unspecialized.

Finally, suppose the minority anticipates that the
majority will specialize. If the minority remains unspe-
cialized, then, under the closed or modified rules, the
outcome is the same as with a closed rule in the
homogeneous case. Likewise, the open rule coincides
with the homogeneous case. We find that when pref-
erence divergence is large, the distributional losses
from the modified rule dominate, and it provides the
best incentives to specialize. When preference diver-
gence is relatively small, the large efficiency gains of the
open rule dominate, and it provides the best incentives.

To recapitulate, the modified rule provides the best
incentives for both sides to specialize when preferences
are divergent. When preferences are less divergent,
there is a trade-off among the rules. The closed rule
provides the best incentives for the majority to special-
ize, whereas the open rule provides the minority with
the best incentives. How this is resolved, of course,
depends on the relative costs of the different sides in
becoming specialized.

EMPIRICAL IMPLICATIONS

What are the empirical implications of the informa-
tional theory? Is the theory consistent with data on
rules assignment in the House? There has been a lively
debate regarding these questions (Dion and Huber
1996, 1997, Krehbiel 1991, 1997a, 1997b; Sinclair
1994). In this section we revisit some of the issues and
examine the consequences of our results.

At the most general level, the theory postulates that
restrictive rules are more likely to be observed when
the legislature’s expected utility in equilibrium is
greater under, say, a closed rule as compared to an
open rule. A weak postulate of the informational
theory relates the probability of observing a restrictive
rule to the difference in payoffs resulting from using
such a rule. More precisely,

Prob [closed] = f(Euf'**® — EuP™), (2)

where f is an increasing function. Expected utilities, of
course, cannot be observed in the data, but the theory
indicates relationships between other observable vari-
ables and the difference in expected utilities. One such
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variable is the degree of preference divergence, x., and
the other is the degree of heterogeneity in committee
preferences.

Reduced form models in this area typically seek to
explain the occurrence of restrictive rules by using,
among others, explanatory variables that measure (or
act as a proxy for) preference divergence and hetero-
geneity.

Different informational theory models lead to differ-
ing predictions about how x. affects utilities, A, =
Eu§'**d — EuP" and then, via equation 2, the
probability that a restrictive rule will be used.® As we
show below, heterogeneity plays an important role in
the predictions of the effects of preference outliers.

In the case of a heterogeneous committee, our
results predict that the relationship between the differ-
ence in utilities and the preference divergence x,. is
unambiguously negative (more precisely, (d/ax.)(4;) < 0,
for all x.). This, combined with equation 2, implies that
one should expect to see restrictive rules more often
when x, is small. In other words, outliers should be
given less restrictive rules. In the case of a homoge-
neous committee, (d/dx.)(4;) < 0, if and only if x, is
small (precisely, if x, < V12).

In almost all the models estimated by Krehbiel
(1991, 1997a) and Dion and Huber (1997), the prefer-
ence divergence variable has a significant negative
effect. This finding does not seem to be affected by
alternative measures of preference divergence: contin-
uous (x,) or binary (outlier). The only exception is that
in some models estimated by Dion and Huber (1996)
the effect of the outlier variable is insignificant.

In addition to the effect of heterogeneity on the
relation between preference divergence and restrictive-
ness, our results predict that the gain from using a
restrictive closed rule versus an open rule is greater
when committees are homogeneous rather than heter-
ogeneous, that is, AM°™ > AP°t, This prediction should
be treated with some care, however, since it involves
holding the degree of preference divergence fixed.
Thus, it involves a comparison between a homoge-
neous committee with preference parameter x, and a
heterogeneous committee in which the majority and
minority have preference parameters of x, and —x,,
respectively. The somewhat restrictive nature of this
prediction means that it is rather difficult to submit this
to a convincing empirical test.

Empirical evidence on how heterogeneity variables
affect rule assignments is mixed. The signs of the effects
seem to depend closely on how heterogeneity and
preference divergence are measured. Dion and Huber
(1997) interact binary outlier and heterogeneity mea-
sures and find that heterogeneity is generally associ-
ated with less restrictive rules. Krehbiel (1991, 1997a)
uses continuous measures of both preference diver-
gence and heterogeneity and finds the opposite effect,

9 In practice, it is unrealistic to expect an exact measurement of x..
Rather, in many cases, a binary classification is developed, depending
on whether x, is above or below some threshold value. If x,. is large,
which indicates substantial preference divergence, then the commit-
tee is classified as consisting of outliers.

although for several specifications the effect of heter-
ogeneity is not statistically significant. For our pur-
poses, an ideal empirical test would combine a contin-
uous measure of divergence with a discrete
heterogeneity measure.

Informational theory also suggests that the greater
the degree of specialization of a committee, the more
likely are restrictive rules. As our results show, how-
ever, this hypothesis is sensitive to whether the com-
mittee is heterogeneous. Homogeneous specialized
committees should receive closed rules, whereas het-
erogeneous specialized committees should receive
modified rules.

Overall, the empirical evidence is not inconsistent
with these predictions. The proxy variables used for
specialization, the number of laws cited by the commit-
tee, and the seniority of committee members are
generally associated with more restrictive rules. Kreh-
biel (1991, 1997a) also finds that the specialization
variables have generally positive effects, but these are
not always statistically significant. According to Sinclair
(1994), “laws cited” has a positive and significant effect.
Dion and Huber (1997) also find that variable positive
and significant, whereas the committee seniority vari-
able has a negative but insignificant coefficient.

Our work highlights the importance of distinguishing
between somewhat restrictive modified rules and more
restrictive closed rules. We showed in proposition 5
that modified rules are fully informationally efficient in
sharp contrast to closed rules. Moreover, when com-
mittees are heterogeneous, the modified rule provides
the best overall incentives for them to specialize. All
the empirical studies of which we are aware, however,
give no special distinction to modified rules—a bill is
coded as either restrictive (closed) or not. Indeed, in
the coding convention followed by most researchers,
modified rules (as studied here) and closed rules are
lumped together. Our results suggest that intermediate
degrees of restrictiveness can matter a great deal to
informational efficiency. This suggests that the conclu-
sions regarding the empirical support for informational
theories may depend on whether modified rules are
coded as restrictive. In our view, it would be useful to
recode rule-bill observations in such a way as to
distinguish between unrestrictive open rules, somewhat
restrictive modified rules, and more restrictive closed
rules.

CONCLUSION

In the so-called institutional design controversy, two
rival theories, the distributive and informational, seek
to explain the design of legislative institutions.

The distributive theory, as expounded by, for in-
stance, Weingast and Marshall (1988), postulates that
the committee system is set up to facilitate the ex-
change of influence over policy choices. Legislators
effectively bid for membership in committees with
jurisdiction over issues they perceive as most important
for their reelection. Appointment to a particular com-
mittee endows the members with “rights” to influence
policy in that area, and the seniority system preserves
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those rights. Committee members appropriate rents in
their areas of interest, and the outcomes may be
socially inefficient. Restrictive rules that limit the
power of the legislature to amend proposed bills allow
committee members to appropriate the rents they are
“due” by virtue of their appointments.

Whereas distributive theory views the committee
system as a means of rent appropriation and exchange,
informational theory views the system as a means of
specialization and information transmission. Commit-
tee composition reflects this theoretical difference. In
particular, distributive theory predicts that committees
are more likely to be composed of preference outliers
and receive restrictive rules. Our analysis indicates that
preference divergence, per se, is not harmful to infor-
mational efficiency. In heterogeneous committees, full
efficiency can be achieved under open or modified rules
regardless of preference divergence. Thus, significant
divergence, as predicted by distributive theory, need
not have harmful informational effects, provided rules
are not too restrictive.

Distributive theory also predicts that committees are
likely to be composed of members with similar (homo-
geneous) preferences. Informational theory predicts
that homogeneous committees will be associated with
informational losses. Thus, there is a trade-off between
a committee optimally composed for distributive pur-
poses and one composed for informational purposes.
In some instances, the legislature may be able to
overcome this trade-off by making multiple referrals to
separate committees. That is, two homogeneous com-
mittees with opposing preferences have jurisdiction
over the bill. In that case, a system of multiple referrals
to two homogeneous committees is strategically equiv-
alent to a system of a single referral to one heteroge-
neous committee. As long as the rules permit the
legislature the choice between the bills proposed by the
two committees, mimicking the modified rule, full
informational efficiency can be achieved.

Informational theory shows that full efficiency not
only can be achieved but also can be achieved in a way
that ensures no distributional costs. In other words,
committee members cannot extract any rents from the
legislative process; the policy outcomes are those most
favored by the legislature. Under the open rule, be-
cause the legislature retains all power to amend bills, it
is not too surprising that the committee is unable to
appropriate any rents. Under the modified rule, how-
ever, the legislature cedes substantial power to the
committee, yet the committee is still unable to appro-
priate any rents. As explained earlier, the equilibrium
constructed in proposition 1 exploits the fact that
committee preferences are opposed; the preferences of
the majority and minority straddle those of the legis-
lature.1® This allows the legislature to extract all the
information in such a way that the chosen bill is always
the one that emerges from committee, and this is true

10 The fact that they are symmetrically opposed and exactly balance
each other is not important. Propositions 1 and 5 continue to hold
even if committee preferences are asymmetric. What is important is
that they lie on either side of the legislature’s preferences.
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both in and out of equilibrium. Stated another way, the
committee is unable to exploit its power under the
modified rule because positive rents to one side mean
negative rents to the other. Even though the modified
rule is restrictive, the fact that it allows both sides to
propose bills gives the legislature enough strategic
flexibility to play off one against the other, so full
efficiency can be achieved. In contrast, the restrictive
closed rule allows only the majority to propose bills,
which leaves the legislature with almost no room to
maneuver. As a result, under the closed rule, full
efficiency cannot be achieved.

APPENDIX

Proof of Proposition 1

We show that none of the players can gain by deviating from
the prescribed strategies.

Note that the legislature is always optimizing, given its
beliefs, and these beliefs are consistent with Bayes’s rule
along the equilibrium path. We only need to consider devi-
ations by c1 and c2.

We will say that c2’s proposal is self-serving if u ,(b, +
®,) > u(b, + w,), where o, = b} (b;) = —b,. In other
words, ¢2’s proposal is self-serving if b, is more profitable for
¢2 than b, under the hypothesis that c1 is “telling the truth,”
and hence the state is , = —b,. It is easy to verify that b,
is self-serving if and only if b, > b, > b, — 2x_.

First, suppose c2 follows the prescribed strategy. We argue
that c1 has no profitable deviations.

If o =1 — 2x_ but ¢l deviates to a b, such that b, >
b’ (w), then ¢2’s proposal is not viewed as self-serving, and
the resulting policy b%(w) is even lower than —w. This is
disadvantageous for c1. If c1 deviates to a b, such that b, <
b’ (w), then whether ¢2’s proposal will be viewed as self-
serving depends on b,. If it is so viewed, then the chosen
policy is b; < b%(w), which is worse for c1. If it is viewed as
not self-serving, then the chosen policy is b5(w) = - —
2x_, which is also lower than —w.

If o > 1 — 2x_ but c1 deviates to a b, such that b, >
b%(w), then the policy chosen is at least as high as b%(w);
because b%(w) is already too high, this is not advantageous
for c1. If c1 deviates to a b, such that b, < b’j(w), then ¢2’s
proposal is not viewed as self-serving, and b3(w) = —o +
2x is adopted. But c1 is exactly indifferent between this bill
and the equilibrium bill ~w, so such a deviation is not
advantageous either.

Now suppose c1 follows the prescribed strategy but c2
deviates. The only circumstance in which this could be
profitable—that is, when u_,(b,, ®) > u.(bi(®), w)—
results in no change to the chosen policy. Thus, ¢2 has no
profitable deviation.

Finally, it is unprofitable for c1 to deviate to a bill b, that
is outside the range of equilibrium actions. Q.E.D.

Proof of Proposition 2

Suppose the contrary, so that for every pair (b*(w), s*(w)),
the legislature chooses the policy b*(w) = —w.

Define [w,, »,] to be the interval such that, for all v € [w,,
0], —(x. — (pg + ®))? = —(x.)? It is routine to verify
that w, = —p, and w; = 2x. — p,. Hence, in this interval,
c1 prefers the status quo action to the equilibrium action. But
for o € (wg, w,), if c1 chooses b’ = —w + €, where € > 0
is small, then € must choose either policy p, or b’. Because
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both of these policies are preferred to the equilibrium action
by c1, this is a profitable deviation. Q.E.D.

Proof of Proposition 3

We show that no one can gain by deviating from the
prescribed strategies.

Note that the legislature is always optimizing, given its
beliefs, and the beliefs are consistent with Bayes’s rule along
the equilibrium path. We only need to consider deviations by
cl and c2.

A. o = —2x_ — p,. If c1 deviates, this results in policy p,,
which is lower than —w and hence worse from c1’s perspec-
tive.

If c2 deviates, the result is p,. This is not profitable, since
X. = —X. — @ — po, and thus —x? = —(—x, — o — p,y)°.

B. —2x. — py = w = —x. — po. If c1 deviates, this results
in policy p,, which is lower than b*(w) and worse from c1’s
perspective.

If c2 deviates, this, by construction, leads to exactly the
same utility for ¢2 as the equilibrium action. To see this,
notice that —2w + (—2x, — po) — (—x, — @) = (—x_. —
) — p,, and so ¢2’s utilities from the two outcomes are the
same.

C. —x, — pg = w = x_, — p,. In this region a deviation by
neither c1 nor ¢2 affects the policy chosen, p.

D.x. — po = w = 2x, — p,. If cl deviates, then, by
construction, this leads to exactly the same utility for c1 as
the equilibrium action. To see this, notice that (x, — w) —
(=20 + (2x. — pg)) = po — (x. — w), and so c1’s utilities
from the two outcomes are the same.

If ¢2 deviates, this results in a policy p,, which is higher
than b*(w) and worse from c¢2’s perspective.

E. o = 2x. — p,. The proof is analogous to the case in
which o = —2x, — p,.

The calculation of the expected utilities is routine. Q.E.D.

Proof of Proposition 4

The proof of proposition 4 is somewhat involved. Unlike the
open or modified rules, the closed rule does not permit full
informational efficiency (proposition 2), so a detailed exam-
ination of the set of equilibria is needed.

We begin by identifying a parametric class of closed rule
equilibria that includes the equilibrium of proposition 3. This
proves useful in determining the most informative equilib-
rium.

LeMMA 1. For each o € [0, x_], the following constitutes a
legislative equilibrium under the closed rule:

b*(w) =
-0 ifws_zxc_PO
20+ (=2x.—po) if ~2x,—pp=w=-X.—py—a
Pot+ 2a if x.—pi—a<e<x.—p;—a

fxc—pi-a=w=x.—p ’

Do
20+ (X, —p)  fxc—pi=w=2u,—p,

-0 if @ = 2x. — po
s%(w) =

® ifo<-x.—py—«a
“’E['xc'Po"a»xc'Po‘a] if_xc'Po—OLSmec‘Po'Ol
—Po ifxc—po—a<o<x —po
® if o Zx. = po
If c1 and c2 agree or b = p, + 2a, then

pe(b,s) =b.

If c1 and c2 disagree and b # p, + 2a, then

p a(bv s ) = Po-
The beliefs of the legislature are

g4(by, by =

—p*(b, s) if b # po+ 2a
[—x.—po—a,x. —po— a] otherwise

The expected utilities are

4
Eu,=— §x§—2a2,

Eu =—ix3—x2+4ouc(2x - a)
cl 37 c c c ’

4 2
Eu,=— gxg —x2— dox (2, — ).
See Figure 4 for an illustration of a semirevealing equilib-
rium of type a.

Proof of Lemma 1. The proof of lemma 1 is virtually
identical to the proof of proposition 3, with two differences.
First, it is now possible for c1 to deviate and induce the policy
Po + 20. f w = —x, — py — «, this deviation induces a
lower policy than that called for in equilibrium; hence, the
equilibrium policy is preferred by c1. Foro = x, — py — a,
such a deviation induces a policy that is higher than p,, and
in this region the policy p, is preferred by c1 to all actions
higher than p,; hence, this is not a profitable deviation.
Second, consider deviations in the region [—x. — p, — «a,
X, — po — a]. No deviations are preferable in this region
because, at the point w = x, — p, — a, committee member
c1 is exactly indifferent between the policy p, + 2a and the
status quo p,. For states w in this region satisfying o < x_, —
Po — a, c1 strictly prefers p, + 2a to p,, and for states » >
X. — po — «a, cl strictly prefers p, to p, + 2a. Thus, no
deviations from the equilibrium strategies are profitable in
this region also.

The calculation of the expected utilities is then routine.

Q.E.D.

We will refer to the equilibria identified in lemma 1 as
semirevealing equilibria of type a. Two observations are
worth noting. First, a semirevealing equilibrium of type 0 is
identical to the equilibrium in proposition 3 (Figure 4
reduces to Figure 2 when o = 0). Second, the legislature’s
payoff is maximized when a = 0, that is, the equilibrium in
proposition 3 is at least as good for the legislature as any
semirevealing equilibrium of type a.

We now show that, in fact, the equilibrium in proposition
3 is the best for the legislature among all equilibria. We do
this by showing that the legislature views any other equilib-
rium as dominated by some semirevealing equilibrium of type
a. As noted above, this in turn is dominated by the equilib-
rium in proposition 3. In order to establish this formally,
some definitions are useful.

Suppose (b, §, p) is some arbitrary legislative equilibrium
under the closed rule. Let P denote the resulting equilibrium
policy function; that is, for all w, P(0) = p(b(w), 5(w)).

It is also useful to define g,(w) to be the policy, such that
in state w, c1 is exactly indifferent between ‘h(wg and p,. In
other words, g,(w) satisfies —(x, — g,(w) — w)*> = —(x, —
Po — ®)?, and from this it follows that g,(w) = —20 +
2x. — po. In any state o, the set of policies that c1 considers
to be at least as good as p,, are those lying between min {p,,
q1(»)} and max {po, g,(w)}.
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FIGURE 4. A Semirevealing Equilibrium of Type a under the Closed Rule
b, p, x

Xc -

Outcome

—Xc In equilibrium, p*=b*
(the majority bill is

Po+2x. always adopted).

Majority bill
b*
Po+20
P>
Po—\
Status
quo
pO_zxc"‘
-1 T T T T T T W
0 —2X—po | %P0 —Po XePo  2X.—Po 1
—Xc—Po—et X~

Note: The horizontal axis measures the state of nature (w)—known to committee members but not to the legislature. The vertical axis simultaneously
measures majority bills (b), policies adopted (p), and outcomes (x). Notice that under the closed rule, only the majority can propose bills. The status quo
policy (po) is also depicted on the vertical axis and is set equal to negative one-half. The legislature’s ideal outcome is zero. The line segments in the figure
denoted with the symbol « are the bills, policies, and outcomes occurring in equilibrium, where « is a parameter. For each « between 0 and x., there is
an equilibrium of “type a.” The discontinuous line with two steps, labeled b*, depicts the majority’s equilibrium proposals, which are always adopted. In
extreme states (close to zero or close to one), the majority proposes the legislature’s ideal. In states close to one-half, a single policy that is higher than
the status quo is proposed. This policy, po + 2, depicted on the vertical axis, first gets adopted in state @ = —x. — po — a, depicted on the horizontal
axis. In intermediate states, the majority proposes a “compromise” policy midway between the legislature’s ideal and the status quo. The discontinuity
in the bills proposed by the majority, b*, occurs in state ® = x. — po — «, depicted on the horizontal axis, where the majority is indifferent between the
policy, p = po + 2a, and the status quo policy, p,, both depicted on the vertical axis. The dark line, labeled x*, depicts the resulting outcomes. Notice
that the equilibrium in Figure 2 is of this type when a is equal to zero, so there is no discontinuity.

LEMMA 2. Suppose P is an equilibrium policy function under the
closed rule.

speeches and not offer proposals. Whereas proposals con-
strain the legislature’s choices under the closed rule, speeches
are only cheap talk and can be ignored by the legislature.

Then, for almost all o, We will say that c2’s speech is relevant, given proposal b,

min {p,, ¢:(0)} = P(w) < max {p,, ¢:(w)}.

Proof. If there exists an open interval of states in which
neither of the above conditions are satisfied, then c1 can
profitably deviate by proposing b = p, in these states, which
guarantees that p, will be adopted. Q.E.D.

Lemma 2 sets some limits on equilibrium policy function P
because c1’s incentive constraints must be respected. Simi-
larly, c2’s incentive constraints must be respected, but c2 is in
a much weaker position than c1 because he can only make
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if there exists an s’ such that p(b, s’) = p, and an s” such that
p(b, s") = b. In other words, given c1’s proposal b, c2’s
speech can affect the policy adopted. If ¢2 cannot affect the
policy, that is, if p(b, s) is a constant no matter what speech
s ¢2 makes, we will say that c2’s speech is irrelevant.
Analogous to the definition above, define g,(») to be the
policy such that, in state o, c2 is exactly indifferent between
g,(w) and p,. In other words, g,(w) satisfies —(—x. —
q,(0) — w)> = —(—x, — po — w)?, and from this it follows
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that g,(w) = —20 — 2x. — p,. In any state w, the set of
policies that c2 considers to be at least as good as p, are
those lying between min {p,, g,(w)} and max {p,, g,(w)}.

LeMMa 3. Suppose P is an equilibrium policy function under the
closed rule. Then, for almost all w, if c2’s speech is relevant,
given proposal b(w),

min {py, g»(w)} = P(w) < max {py, g»(w)}.

Proof. If there exists an open interval O of states in which ¢2’s
speech is relevant, given proposal b(w), then for any » € O,
there exists a speech s’ (w) such that p(b(w), s'(®)) = p,. If
Do is preferred to P(m) by c2, she can profitably deviate by
making the speech s’ (). Q.E.D.

LEMMa 4. Suppose P is an equilibrium policy function under the
closed rule. If there is an open interval of states O such that
P(-) is continuous and strictly decreasing (or strictly increas-
ing) over O, then either

1. ¢2’s speech is relevant, given proposal b(w), or
2. P(w) = —o + x,.

Proof. Suppose that the contrary is true. Then there exists
some open interval O in which the policy function is strictly
decreasing, say, speeches are irrelevant, and P(w) # —w +
x.. In this case, in any state € O, c1 prefers either policy
b(w —g)or b((o + €) for small enough € to the equilibrium
policy b(w), since P(w) # —w + x,. Moreover, because
speeches are irrelevant, c1 can umlaterally induce either of
these policies in state o, and this is a profitable deviation.
Q.E.D.
Suppose that neither of the conditions given in lemma 4
holds over some open interval of states @ € O. Then it must
be the case that P(w) is almost everywhere a constant
function. Moreover, at any point »’ where lim__, . P(w) =
p~ # p" = lim}_,, P(w), then ¢1 must be indifferent
between p* and p~ in state o’. We shall refer to an
equilibrium policy function with these properties as a step
function over the interval O.

LeMMA 5. Given any equilibrium under the closed rule, there
exists a semirevealing equilibrium of type a that is no worse
for the legislature.

Proof. Suppose P is an equilibrium policy function under the
closed rule. Let (b%, s, p®) be a semirevealing equilibrium
of type o, and let P> denote the resulting policy function; that
is, for all ®, P*(0) = p*(b*(w), s*(w)).

We will argue that there exists an a € [0, x.] such that the
legislature’s payoff from P* is at least as large as its payoff
from P. Again, it is useful to divide the state space into
different regions.

A o= —-2x, — pg, or ® = 2x, — p,.

Ifw = -2x. — p,, then P*(w) = —o, and this is the best
possible policy for the legislature. Similarly, if ® = 2x. — p,,
then P*(w) = —w, which is the optimal policy for the
legislature.

B'xc _Pos‘” 52xc ~ Po-

Now suppose x, — py = w = 2x, — p,. In this region,
P*(0) = ¢,(w) = =20 + 2x, — py = —o and thus has the
property that all policies the legislature prefers to P*(w) are
lower than P%(w). Also, ¢,(w) = p, and, by lemma 2,
P(w) = P*(w). Hence, P*(w) is no worse for the legislature
than P(w).

C.—x,. —po =0 =x.— p,

Lemma 2 implies that P(w) = p,, in this region. Combining
this with lemma 3 1mplles that, in any legislative equilibrium,
speeches are irrelevant in this region. By lemma 4 it then
follows that any equilibrium P must either be a step function

or P(w) = —o + x.. Yet, P(w) = —o + x, is not possible,
because the legislature prefers p, to —w + x, for every  in
this region and can guarantee p,. Thus, P is a step function
in this region.

Suppose that the last dlscontmmty in the region [—x, — p,,

— Ppo] occurs at the point ', and let lim,_ o, P(w’ — £)
p Notice that at o', c1 must be indifferent between p’ and
Do (because speeches by ¢2 must be irrelevant in this region).
This is the same as saying that p’ = ¢,(0) = =20’ + 2x, —
Po-

Next, we claim that if the region in which p’ is the
equilibrium action under P is [¢’, '], then it must be the case
that P*(¢’) = p'. A necessary condition for this to be an
equilibrium is that the legislature knows only that ® € [o’,
'] and weakly prefers to choose p’ rather than p,. Given its
information, the legislature’s optimal policy is —12(¢’ + '),
and it chooses p' as long as

1 1
p +ts(0'+tw)=—5(c'+o')—po,
2 2
which is equivalent to

g =0 - 2.

This in turn is equivalent to saying that ¢’ = P*~(p’).

Now notice that because w’ € [—x, — po, x. — p,] there
exists an o € [0, x_] such that ' = x. — p, — «a, and hence
o' = —x, — po — a. Finally, since c1 is indifferent between
p' and p, at the point @’ = x, — p, — a, it must be that p’
= po *+ 2a, but this is identical to a P* equilibrium in this
region.

D. —2x, =w = —Xx,— po

In any submterval of this region, if P(m) > P*(w), then by
lemmas 3 and 4, P either must consist of a step function or
follow c1’s bliss line. From the argument given in region C,
we know that for all w = —x, — p, — a where a € [0, x_],
P(w) = py + 2a.

Next note that any equilibrium with the property that for
allw = —x, =~ Po~ o, P(0) = py + 2a or P(0) < —20 +
(—2x, po) is worse than any P* equlllbrlum from the
perspective of the legislature. It is routine to verify that any
equilibrium P consisting of either a step function or P(w) =
—o + x_ or both has the property that P(w) = py + 20 or
P(m) < —2w + —2x_. — p,. Hence, P* is no worse than P
in this region. _

It is now easy to verify that P is no better for the legislature
than some P°. Q.E.D.

Combining lemmas 1 and 5 with the observation that from
the perspective of the legislature the best semirevealing
equilibrium of type a is one in which o = 0, we complete the
proof of proposition 4. Q.E.D.

Proof of Proposition 8

Observe that the beliefs are consistent with Bayes’s rule
wherever possible. We show that, given beliefs, the legislature
cannot profitably deviate.

1. If 4x. + po < b = - Xes then by selecting policy b, the
leglslature earns —xZ2. By deviating to Do, the legislature
earns (b — po)(po + 2x, — b) — x2, and because 4x, +
Po < b, this expression is less than —x2.

2. If b = 4x_ + p,, then the expected utlhty of the legislature
from choosmg b is —7/3 x2. By dev1atmg to po, the
legislature earns —1%; x2, so deviating is clearly not
profitable.

3. If b = 2x, + p,, then the legislature earns —%5 x3 by
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choosing b. By deviating to p,, the legislature gains
identical payoffs, so this is not a profitable deviation.

It is routine to verify that deviation is unprofitable to the
legislature for the remaining cases.
We now turn to the incentives of the committee to deviate.

1. If 0 = w = —3x, — p,, then the committee is obtaining
its best possible outcome, so deviation is not profitable.
2. Suppose —3x, — pg = o = —2x_, — p,. The committee
is just indifferent between the policy 4x, + p, and 2x, +
po if and only if ® = —2x. — p,. Hence, for all o =
—2x, — p,, the committee prefers the policy 4x. + p, to
any policy p =< 2x_ + p,.
The remaining cases are analogous to one of those above.
Q.E.D.

Proof of Proposition 9

It is sufficient to show that the legislature’s expected utility in
the equilibrium under the closed rule constructed in propo-
sition 8 is higher than the legislature’s expected utility in the
best equilibrium under the open rule, that is, in the equilib-
rium described in proposition 6.

Under the open rule, the payoff to the legislature in the
best legislative equilibrium is (proposition 6):

1 xAN(x)* = 1)
T12N(x)? 3 ’

3)

where N(x_) is the smallest positive integer greater than or
equal to (=2 + 2 V1 + 2/x_) and, in fact, is the number
of distinct policies chosen in equilibrium.

This can be equivalently stated as follows. For any positive
integer N, define x(N) = 1/2N(N + 1)). If x(N) = x, <
x(N — 1), then N(x.) = N.

Under the closed rule, the payoff to the legislature in the
equilibrium constructed in proposition 8 is

(4)

- x> —xk

3

Because x, < Y4, N(x.) = 2, so

,_ XANG)-1)
=TTz

Next note that for any N = 2 and x(N) = x_, < x(N — 1),
: 2> : N-1)}
3xc gx( )
4 1 3
- 32NN -1)

1
T NN -1
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1
- 12N
Thus, the second term in equation 4 is no less than the

corresponding term in equation 3, and the first term is
actually greater. Q.E.D.
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