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Diversity of opinion is an endemic feature of
society. Different people can hold divergent
opinions on a subject. They can also differ in
the intensity with which they hold their opin-
ions. Some people are vehement and uncompro-
mising. Their views seem relatively impervious
to contradictory evidence and the opinions of
others. Then there are people who hold their
opinions tentatively and show a willingness and
inclination to modify them as new information
comes to light. Heterogeneity in how people
form new opinions in response to new facts and
the opinions of others has been documented
(for example, Walter Mischel and John Schop-
ler, 1959). Psychologists refer to such a person-
ality trait as lying along a rigidity-flexibility
dimension.’

By way of example, consider an influential
segment of society: politicians. As reflected in
their espoused ideologies, politicians differ in
their opinions concerning what is the ideal so-
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ciety and what are the appropriate means for
achieving it. Empirically, there are vast ideo-
logical differences among politicians with some
being extreme and some being mainstream. On
top of this heterogeneity, we find that some
politicians are notorious for being uncompro-
mising while others, contrarily, have built a
reputation for accommodation. Examples of re-
cent vintage include Newt Gingrich and Ronald
Reagan in the rigid category and George Bush
and Bill Clinton in the flexible one.”

That there should be extensive differences
among people in their opinions and their rigid-
ity is hardly surprising in light of the diversity
of backgrounds and the complexity of the envi-
ronment that people must interpret and act
upon. What is intriguing, however, is the appar-
ent relationship between these two traits. Casual
observation and what data are available suggest
that individuals with relatively extreme views
tend to be relatively rigid. As an example, a
survey of enlisted soldiers were queried about
their attitudes toward a variety of issues includ-
ing conscription, officers, the Army, and a mil-
itary career (Edward A. Suchman, 1950). They
were asked a number of questions to which they
were to respond with “positive” or “negative”
and to report whether or not they strongly held
this opinion. A soldier’s positive score equaled
the number of positive responses while his in-
tensity score equaled the number of opinions
held “strongly.” The study concluded: “People
on both ends of the content scale feel more
strongly than people in the middle of the scale”
(Suchman, 1950 p. 275).

The first objective of this paper is to ex-
plain why rigidity and extremism might be
related. Our theoretical analysis begins with a
population for which traits relating to extrem-
ity of opinions and rigidity of thinking are

2 For a ranking of U.S. presidents in terms of flexibility,
see Gary M. Maranell (1970).



606 THE AMERICAN ECONOMIC REVIEW

independently distributed. Agents are en-
dowed with some prior set of beliefs on an
unknown variable. These beliefs are normally
distributed, and the mean and precision (that
is, inverse of the variance) are allowed to
differ across agents. The distance between the
mean of an agent’s beliefs and the average
mean in the population measures the extrem-
ity of an agent’s beliefs while an agent’s
rigidity is measured by the precision of his
beliefs (in that higher precision implies less
sensitivity to new information). For the initial
population, agents’ means and precisions are
assumed to be independently distributed so
that rigidity is just as likely to be found with
moderate views as with extreme ones. We
then have agents receive a series of public
signals about this unknown variable and en-
gage in Bayesian updating. Assuming that the
cumulative public signal is sufficiently infor-
mative, the cumulative public signal will
then, roughly speaking, represent the predom-
inant “opinion” in that most agents’ expecta-
tions will lie near it. Now consider agents
whose prior mean was distant from the cumu-
lative public signal. If endowed with low-
precision beliefs, he will adjust his beliefs a
lot so that his posterior opinion (that is, mean)
is close to the predominant opinion. However,
if his prior beliefs had high precision, he will
not adjust them very much in which case his
posterior opinion remains distant from the
predominant opinion in society. Therefore,
we find that those agents with posterior means
that are extreme relative to the mean of most
agents’ beliefs will tend to attach relatively
high precision to their beliefs. In other words,
when agents receive common information, the
only way in which an agent can persist with
extreme views is if he attaches high confi-
dence to them,; if he did not, he would have
adjusted his beliefs so that they are in line
with what most people believe. In this man-
ner, a common societal process—Ilearning in
response to publicly available information—
induces a positive correlation between ex-
tremism and rigidity.

The second objective of this paper is to test
this theory. It predicts that those agents who
hold relatively extreme views will, on average,
modify their views less over time. This hypoth-
esis is tested on members of the U.S. Congress
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over the period 1950-1990. We do indeed find
that the more extreme is a legislator’s early
voting behavior, which acts as a proxy for his
beliefs, the less his voting behavior changes
over his time in Congress. This empirical work
also serves to provide documentation of the
extremism-rigidity relationship beyond casual
observation and surveys.

I. A Model of a Heterogeneous Society

Consider a society with a continuum of
agents who are uncertain about some common
variable denoted o € R. Agents differ along
two dimensions: the rigidity of their thinking
and the extremity of their opinions on «. Since
we will later assume that agents’ beliefs are
symmetric and single-peaked, it is natural to use
the mean of an agent’s probability distribution
in making statements regarding the extremity of
his opinions. More specifically, though still
speaking loosely, an agent’s opinions are more
extreme if his mean estimate for « is farther
away from the mean estimate for the popula-
tion. Characterizing the dimension of rigidity is
a bit trickier as rigidity has a variety of conno-
tations. The particular notion we have in mind is
that a more rigid agent is less willing to see the
validity of facts as they relate to some unknown.
Anecdotally, notoriously rigid agents seem to
be very confident that what they believe is true
as reflected in their unwillingness to compro-
mise. Such an interpretation is consistent with
some psychologists’ notion of rigidity (Scott,
1966).

Our approach to capturing the dimensions of
extreme views and rigid thinking is based upon
the specification that agents’ beliefs over o are
normally distributed and agents differ in terms
of both the mean and precision (that is, the
inverse of the variance) of their probability dis-
tribution. Agent i’s type is then the pair (w;, ;)
where w; is the mean of agent i’s prior proba-
bility distribution on « and 7; is its precision. u,
is assumed to be the key determinant of an
agent’s opinions and will be used in measuring
the extremity of an agent’s beliefs. 7, is as-
sumed to be a measure of an agent’s rigidity.
Since a higher value for 7; implies more confi-
dence in one’s opinion, 7; would seem to cap-
ture some of the elements suggested by notions
of rigidity.
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Given an agent’s type is the mean and preci-
sion of his prior distribution, the population of
agents is defined over R X R,. We begin by
assuming that the population distribution is
such that agents’ two traits are independently
distributed. Let G(-):R — [0, 1] denote the
population distribution on the mean and
H(-):R, — [0, 1] denote the population dis-
tribution on the precision. G(-) is assumed to
have a density function, g(-), which is almost
everywhere twice differentiable. To derive our
main result, the following structure is placed
upon it.

ASSUMPTION 1: There exists u° such that
g'(w)=0forall w < p°and g'(n) =< 0 for
all pw > p°.

ASSUMPTION 2: [g'(w)]® — g"(w)g(p) =
0 for all .

Assumption 1 states that the population den-
sity function on the prior mean is either single-

peaked or the set of maxima is an interval.
’

Assumption 2 requires that g_u_) be nonin-
8(m)

creasing in u. Several common probability dis-
tribution functions satisfy Assumptions 1 and 2,
including the uniform, triangular, and normal. It
is also assumed that H(-) has a density function,
which we denote h(-). Independence implies
that the population distribution on 7, conditional
on a value for w, is the same for all values of u
and is, of course, H(").

The societal process that lies at the heart of
our analysis is the rather routine one of learn-
ing. Let n denote the number of signals on «
received by agents where n = 1. All agents
receive the same n signals.®> Each signal has
mean « and is normally distributed with pre-
cision r > 0. Letting a be the mean of these
n signals, Bayesian updating results in the
posterior beliefs of agent i being normally

3 We conjecture that there would be comparable results
if agents receive private signals of « as long as the distri-
bution from which these signals are drawn is independent of
an agent’s type. However, how those results would be stated
is likely to differ. For the sake of keeping agent heteroge-
neity limited to prior beliefs, we decided to rule out differ-
ences in new information.

distributed with mean f; and precision 7,
where:

R T;M; T nro
G a= pr— , fi=7+nr
nro\ _
Note that |4, — w| = P l& — w so that

the change in an agent’s opinion is decreasing
in 7;. Thus, agents who are more rigid (that is,
have a higher value of 7,) are less responsive
to new information, which seems to be a
characteristic of rigid types. We will let
G( - |a) and A( - |&) denote the population
distribution on the posterior mean and poste-
rior precision conditional on a, respectively,
though we will typically suppress the variable
a. Generally, “*” refers to a variable, distri-
bution, or density function after Bayesian up-
dating on « in response to the public signals.

II. Emergence of a Correlation Between
Extreme Views and Rigid Thinking

Initially, the distribution of opinions and ri-
gidities in the population is independent. We
now want to show that the process of agents
updating their beliefs in response to new infor-
mation induces a correlation in these traits in
that agents who hold relatively extreme beliefs
tend to be relatively rigid. In defining “extreme”
we will take o as an approximate center of mass
for the population distribution of the posterior
means. Note that this is true if there are suffi-
ciently many signals.*

The joint population density function on the
prior mean and prior precision is simply
h(1)g(w) since T and p are independently dis-
tributed. We will let £( - , - |&@) denote the joint
population density function on the posterior
mean and posterior precision conditional on the
signal a. If A( - |&@) denotes the population
density function on the posterior precision and
&(+|#, @) denotes the population density func-
tion on the posterior mean, conditional on a
value for the posterior precision, it is of course

“For all e > 0 and & € (0, 1), there exists N such that if
n > N then G(-) attaches probability of at least 1 — §to f1
lying in (& — €, & + €).
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true that: k(d, %) = A(%)g(|#) (where & is

suppressed). Given that # = 7 + nr and the

population density function on 7 is A(:) then

h(#) = h(# — nr). Since i = p +
nr

(;)(&-—p,) then, solving for u, one derives

nr

w=Qa + f'—nr)(“ — @). Using this fact and

that g() is the population density function on p, it
follows that:

® g =g(a+ ()@ -o).

Thus, the joint population density function is:

3 kg, 1)

= h(% — nr)

nr
X g(ﬁ«+ (?_nr)(ﬂ~&))-

This is the posterior probability density function
on agents’ types after they have incorporated
the information embodied in a.

The population density function on the pos-
terior precision conditional on a value for the
k(a, %)

g(p)
8(4) = [ k(i, #)d%. In characterizing the
posterior relationship between the extremity
and rigidity of an agent’s beliefs, we will con-
sider the population distribution on the posterior
precision conditional on a value for the poste-
rior mean. This distribution is A(#°|3) = [
h(#|2)d#. In other words, we consider the fre-
quency of various levels of rigidities for a par-
ticular opinion.

The Theorem shows that if the posterior
mean [’ is more extreme than the posterior
mean {i” then the proportion of agents whose
precision is at least some value is greater among
those agents with mean Q' than it is among

Y/

those agents with mean {i”; in other words, the
conditional distribution on # shifts in terms
of first-order stochastic dominance as fi goes
from Q" to 4'. Thus, the more extreme is the
posterior mean, the greater is the proportion
of agents with relatively high levels of rigid-

ity. In stating our main result, let us define:

posterior mean is A(#|4) = where
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i

i o= max{glg(i) = g()Vpu} and p
min{@|g(&) = g(w)Vpu}.

THEOREM: If i’ > A" > max{a, p} or
min{a, @} > 4" > 4’ then HRFQ) =
H(#|@") for all #.

PROOF:

A#|a") = A(#|a") for all #is the definition
that A( « |i') stochastically dominates A( -
|”) in the first degree. Let us first consider the
case of ' > " > max{a, u}. By Proposition
5 in Paul R. Milgrom (1981), H( - |i') stochas-
tically dominates H( « |") in the first degree
iff [08(A|#97Y/8(Al») is nondecreasing in f
for al o € [, @'}, for all # Since

nr
aald = g(ﬂ + <f - n;)(n - a)) and letting
nr

o(d, =4 + (*’r‘—-nr (i — @) then
980l
@ g(;;lf)

= —g'(o(f, 7))
X [ar(q — @)/ (% — nr)?].
Thus,

al(ag(pl®)/9#)/g(1a]%)]
o

= [g(d(f, B)(% —nr)*]™?

)]

x {”g"(¢(ﬂ, 7))

7 ” —-
X (:i'——- nr‘)nr(u - &)
X g(o(g, )

—g'(d(n, D))nrg(d(g, 7))

+ g/ (g, )nr(d — @)

T~ nr

f
cstow 0]

From (5) we get:
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a[(ag(ﬂlf)/af)/g(ﬂlf)]}

6) sign{ ah

"
el
X [(g'(¢(g, #)))?
= g"(o(f, )g(d(a, %))]
- g/ ($l, Ma(6(a, M)}
By Assumption 2, [g'(d(4, M)I* — g"(d(4,

#))g(d(A, %)) = 0. Since we are presuming
that i > max{a, u} then i — a > 0 and thus:

U L
@) <?_nr)(u~ @)

X [(g'(d(, $)))* — g"($(f, 7))
X g(é(a, )] =0.

Hence, the first term in (6) is nonnegative. Next
note that it follows from Q > a that ¢(fi, ) >
fv and since . > max{a, u} then ¢(Q, ¥) > w.
Therefore, by Assumption 1, g'(d(fd, 7)) < 0
which implies —g'(-)g() = 0. We conclude
that (6) is nonnegative. This proves that
A( - |4") stochastically dominates A( * |A") in
the first degree when ' > " > max{a, u}.

The case of min{a, 1} > Q" > [’ is similar.
Since we want to show that A( + |4') stochas-
tically dominates A( * |A") in the first degree
when Q" > [/, we instead need to show that
[98(fi|#)/941/8(a|#) is nonincreasing in f, for
all #. This requires that (6) be nonpositive. Since
ft < a then the first term of the two terms in (6)
is nonpositive. Since L > L > ¢(ji, #) then, by
Assumption 1, g’(-) = 0, which implies that the
second term is nonpositive. Thus, (6) is non-
positive when min{a, n} > fi.

COROLLARY: If g/ > 4" > max{a, u} or
min{a, i} > Q" > [’ then the average rigidity of
an agent with posterior mean [i’ exceeds the av-
erage rigidity of an agent with posterior mean [i.

In interpreting the Theorem, it is imagined that
the “mainstream” opinion lies between min{e, .}

al

and max{a, w} so that, for example, if i’ > " >
max{a, w} then an agent with posterior mean f’
is farther away from the mainstream view than
someone with posterior mean (" and, in this
sense, the former agent is more extreme. If g(-) is
single-peaked with its peak denoted i (so that
p = i = ) then the interpretation is that the
mainstream opinion lies between j and &, which
seems fairly reasonable. Roughly speaking, the
Theorem says that the more extreme is an agent’s
opinion relative to the mainstream opinion, the
more likely is he to be relatively rigid. The fre-
quency of highly rigid agents is greatest among
those agents with extreme views while the fre-
quency of highly flexible agents is greatest among
those agents with moderate views.

We began with a population in which the traits
of extreme opinions and rigid thinking were un-
related. An individual with a moderate position
was just as likely to be rigid as someone with an
extreme position. In the process of agents updat-
ing their beliefs in response to publicly available
information, a positive correlation emerged be-
tween these traits. More extreme views are held
by people who tend to be more rigid thinkers.
What is going on is really quite straightforward.
Among those agents whose prior mean was ex
post relatively extreme (that is, far from to &), the
more flexible ones adjust their beliefs a lot so that
their posterior mean is relatively close to &. Those
agents whose prior mean was relatively close to &
remain, of course, close to @ (though how much
closer they are to & depends on an agent’s rigid-
ity). As a result, the only remaining agents with a
posterior mean distant from & are those who are
rigid. In other words, the only way in which an
agent can persist holding nonmainstream views
after receiving publicly available information is
for him to be rigid; if he were flexible then he
would have adjusted his beliefs to be more in line
with the mainstream.>

3 Our results would seem to hold if we instead allowed
agents to assign different precisions to the distribution over
the signals on «. In terms of (1), heterogeneity would be in
terms of r rather than 7. Agents with a lower r might be
interpreted as being “more skeptical” in that they perceive
signals as being less informative; for example, they tend to
dismiss newspaper reports more easily. This theory would
then predict a positive correlation between extremism and
skepticism (and more skeptical agents are more rigid). A
non-Bayesian variation is to allow agents to differ in terms
of confirmatory bias where more severe bias results in more
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FIGURE 1. JOINT PROBABILITY DENSITY FUNCTION ON
AGENTS’ PRIOR MEAN AND PRIOR PRECISION

Notes: G(:) is a uniform distribution on [—1, 1] and H(:) is
a lognormal distribution with mean 1 and variance 1.

Example: Let G(-) be uniformly distributed
over [—1, 1] and H(-) be a lognormal distribu-
tion with mean 1 and variance 1. Figure 1 shows
the joint probability density function on agents’
prior mean and prior precision. For nr = 2 and
o = 0.25, Figure 2 shows the joint probability
density function on agents’ posterior mean and
posterior precision. For values of i near 0.25
(the mean of the signals), the conditional distri-
bution on 7 looks somewhat like a lognormal
distribution with a lower bound of 2. As we
increase {u above 0.25, the lower bound of the
support on /( - |w) increases implying that
more mass is placed on higher values of the
posterior precision.

III. Extremism and Rigidity Among
Members of Congress

The central prediction of the theory is that
more extreme beliefs are positively correlated
with more precise beliefs. In this section, we
test the theory by examining two time-series
implications of this correlation between extrem-
ism and precision. First, agents with more ex-
treme beliefs should engage in less adjustment
of their beliefs over time. Second, while all
agents’ beliefs should be converging on the
average beliefs in the population, agents with
more extreme beliefs should have their beliefs

rigidity (see Matthew Rabin and Joel L. Schrag, 1999). Our
argument should result in extremism and confirmatory bias
(and thereby rigidity) being positively correlated.

FIGURE 2. JOINT PROBABILITY DENSITY FUNCTION ON
AGENTS’ POSTERIOR MEAN AND POSTERIOR PRECISION

Notes: nr = 2 and a = 0.25. Joint probability density
function on agents’ prior mean and prior precision is as
specified in Figure 1.

converging slower. These relationships are ex-
amined for members of the U.S. Congress over
the period 1950-1990. In that beliefs are not
observed but behavior is, voting scores will be
used as proxies for legislators’ beliefs.

The empirical approach is based upon the fol-
lowing general conception of the legislative set-
ting. Each legislator has some prior beliefs on
those factors pertinent to how he votes; for exam-
ple, the efficacy of different policies and the pref-
erences of his constituents. Legislators receive
signals that contain information about these vari-
ous factors and update their beliefs based upon
these signals. How much weight they give to these
signals depends on the precision of their prior
beliefs. These updated beliefs determine a legis-
lator’s optimal policy position, and this policy
position then determines how he votes when faced
with a series of legislative bills.

Voting behavior is measured for its ideological
content through the use of ADA scores. Each year,
the liberal interest group Americans for Demo-
cratic Action (ADA) scores members of the Sen-
ate and the House of Representatives on
approximately 20 roll-call votes. A legislator’s
score measures the extent to which his votes
matched up with the positions of the ADA. A
score of 100 is a perfect match, while a score of
zero means a legislator voted contrary to the
ADA’s positions on all roll calls. The plan is to
use extremism and variability in legislators’ ADA
scores as proxies for extremism and variability in
legislators’ beliefs. While the ADA has been col-



VOL. 90 NO. 3 BLOMBERG AND HARRINGTON: RIGID EXTREMISTS AND FLEXIBLE MODERATES 611

lecting this data only since 1960, Timothy Grose-
close et al. (1995) extended the data set back to
1947 using a similar technique to ADA scoring.
They also devised an index of real ADA scores
that allows ADA scores to be compared across
time and between chambers. While ADA scores
range from O to 100, real ADA scores are not
constrained to lie in that interval. Our data set
encompasses real annual ADA scores for all
members of the Senate and the House of Repre-
sentatives over 1950-1990.

To summarize our results, the more extreme is
a legislator’s initial voting record, the lower is the
variance in her voting record during her time in
Congress. We also find that all legislators’ scores
converge toward the mean voting score in Con-
gress but that the voting scores of more extreme
legislators converge to the mean slower. Prior to
presenting the empirical evidence, we first con-
sider the appropriateness of using voting scores as
proxies for beliefs by examining the mapping
from a legislator’s beliefs to his optimal policy
position and the mapping from his optimal policy
position to his ADA score.

A. A Theory of Voting Scores

Mapping from Beliefs to Policy Position.
—For the purpose of estimating the relative
importance of various factors in senatorial vot-
ing, Levitt (1996) specified a simple model of
voting behavior which we modify by allowing
legislators to be uncertain about those factors.
Letting E; [X] denote legislator i’s expectation
of random variable X in period ¢, legislator i’s
expected utility in period ¢ is specified to be:

®

=1

32 BV~ Wé)z}.

V.. is legislator i’s pohcy position and is a
choice variable. Wi, ..., WK are the exogenous
factors relevant to leglslator i’s voting choice

6 Alternatively, we could have used other voting mea-
sures such as scores devised by Americans for Constitu-
tional Action. However, it is likely to have made little
difference in that the various scores are highly correlated.
For more information about this issue, see Groseclose et al.
(1995) and Levitt (1996), who describe the merits and
limitations of ADA scores.

where B/ > 0 and 1 BJ 1. Solving for the
policy position that maximizes (8), one derives:

K

) Vi = > BE, [W]

j=1

Equation (9) shows how a legislator’s policy
position depends on his beliefs over the un-
known variables.

To ease the notational burden, the ensuing anal-
ysis sets K = 2, and we refer to those two factors
as personal policy preferences (or ideology),
which has weight B, and the preferences of con-
stituents, which has weight 1 — B. Let W¢ and
W7 denote legislator i’s personal policy prefer-
ences and the preferences of the median voter,
respec,tlvely Furthermore, let &7, and &7} be leg-
islator s period ¢ signals of hlS personal policy
preferences and the preferences of the median
voter, respectively. Assume that &7, ~ N(iL,», 0%)
and €]’ ~ N(p m, 07m) and are independently
distributed and independently and identically dis-
tributed (i.i.d.) over time. Under the assumption
that the prior distributions on W¢ and W/ are
normally distributed, it follows that:

(10)  E [WI]= ALE;, . [Wf]
+ (1 — A2)el,
and
(1) E, [Wi] = NYE - [Wi]
+ (1= Ay
where A? (A]'") € (0, 1) depends on the period
t precisxons of legislator i associated with his
period ¢ beliefs on WZ(W;**) and 7 (&]""). Sub-
stituting these expressions into leglslator i’s op-
timal policy position:
(12) Vi, = B{MLE,, . [WI]+ (1 — AL)el}
+ (1= B{ALE, - [Wi"]
+ (1 = A/D)ely

To gain some insight into how these factors
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influence the variability in a legislator’s optimal
policy position, we consider the period ¢ vari-
ance of legislator i’s optimal policy position:

(13) Var[V¥,]= B*(1 — A\})%0?,

+ (1= B)X(1 = A™)2g2,,

Using this model to guide our intuition, our
theory predicts that legislators with more ex-
treme beliefs on W2 and W;"" [and thus, by (9),
more extreme policy positions] tend to have
higher values for A?, and A]Y and, by (13),
lower variance to their policy position. Legisla-
tors with more extreme policy positions should
then experience less variability in their policy
positions. The extent to which this relationship
carries over to voting behavior and voting
scores is considered next.

Mapping from Policy Position to Voting
Score.—In calculating an ADA score, N bills
are selected. Associated with each bill is a status
quo, which is the policy that remains in place if
the bill is defeated. A bill and status quo are
represented by a position in the policy space [0,
1] and the selection process is represented by
bills and status quos being i.i.d. draws from [0,
1]. In fact, the ADA engages in an intensive
selection process but one which we do not at-
tempt to model. Let K(-):[0, 1] — [0, 1]
denote the cumulative distribution function
(c.d.f.) on bills and L(-):[0, 1] — [0, 1] denote
the c.d.f. on status quos. Assume K(-) and L(-)
are twice differentiable. A legislator’s optimal
policy position is denoted v € [0, 1] (which we
referred to as V¥, above) while a bill and status
quo are denoted b and s, respectively. The
assumption is that a legislator with optimal pol-
icy position v votes for bill » over status quo s
if and only if |[v — b| < |v — s|.

A legislator’s ADA score is the proportion of
the N bills for which he voted the same as the
ADA. Specifying the policy position of the
ADA to be 0, a legislator votes the same as the

b+s
ADA if and only if 3

legislator’s ADA score is proportional to the
sum of N binomial random variables (divided

< wv. In that a
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by N), a legislator’s expected ADA score is
+ 5

2

proportional to the probability that
< v, which is [§ [3,_, dK(b)dL(s) or:

r 2v
f [1=KQ2v—s)]dL(s)
’ +[1 - L(2v)]

(4 ADA(w)={ HvEL0]

J-l [1 = KQ2v—s)]dL(s)

2v—1

{ ifve [%, 1].

Taking the first derivative of (14), one finds that
ADA(v) is decreasing in v. Since a legislator’s
ADA score is then a monotonic transformation
of his optimal policy position, which is itself a
monotonic transformation of his beliefs [see
(9)], a legislator’s voting score is a suitable
proxy for his beliefs. The appropriateness of the
variability in ADA scores as a proxy for the
variability in beliefs is a bit more problematic.
Taking the second derivative of (14), one finds
that ADA(wv) is generally nonlinear in v. Hence,
the sensitivity of a legislator’s ADA score to
changes in his policy position may depend on
where his initial policy position lies. For exam-
ple, if one assumes that K and L are uniform
over [0, 1] then:

1-24 ifve(0,3]

5) ADA(v) =
(19 ADAW =1 01— o itvelh 1]

so that ADA"(v) = 0 as vS Y (see Figure 3). A
given change in beliefs (operating through their
effect on a legislator’s policy position) will re-
sult in a smaller variation in the ADA scores of
a more extreme legislator and, thereby, result in
a lower variance. In this case, the mapping from
policy positions to voting scores introduces bias
that favors our hypotheses. However, one can
specify assumptions on K and L for which the
bias works against our hypotheses. Our re-
sponse is twofold. First, after examining the
relationship between extremism and variability
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FIGURE 3. ADA SCORING FUNCTION
Note: K(*) and L(-) are uniform distributions on [0, 1].

in ADA scores, we develop and estimate a test
for this bias. Second, we estimate an alternative
model that is immune to this bias though it less
effectively utilizes the information in the data
set.

B. Extremism and Variability in a
Legislator’s ADA Score

In that an agent who attaches higher precision
to his beliefs is less responsive to new informa-
tion, agents with more precise beliefs are ex-
pected to modify their beliefs less. Given the
predicted positive correlation between extrem-
ity of beliefs and the level of precision with
which those beliefs are held, our first testable
hypothesis is: the more extreme is the ideolog-
ical content of a legislator’s voting record, the
less that the ideological content of his voting
record changes over time. A maintained hypoth-
esis in our analysis is that the process which
correlates extremism and rigidity has been op-
erating prior to an individual being elected to
Congress so that, if the theory is correct, the
predicted correlation between extremism and
rigidity exists when a congressional member
casts his first legislative vote.”

Letting N, denote the number of ADA scores
for legislator i in the sample, our basic approach
is to use the first ¢ observations to measure his
extremism and the remaining N; — ¢ observa-

7If this is not true, our empirical methods remain valid
but are less likely to produce evidence in support of the
theory.

tions to measure his variability. More specifi-
cally, a legislator’s degree of extremism is
measured by [Med(ADA), — ADA, |, which is
the distance between the average of legislator
i’s initial ¢ real ADA scores, denoted ADA, ,,
and the median average initial ¢ scores for all
legislators in the sample, denoted Med(ADA)O.8
As a measure of variability, we use the variance
of a legislator’s score, denoted Var(ADA),,
over his last N; — ¢ years in the sample.

For all members of Congress with at least six
years in office, Figure 4 plots a legislator’s
average real ADA score during his first three
years in the sample and the variance in that
score over all years excluding the first three. To
test our first hypothesis, we estimated:

(16) Var(ADA);
= ao + allMed(ADA)o - ADAi,OI
+ vZ + €

where Z is a vector of control variables. For
Table 1, the sample is limited to legislators with
at least six years of tenure and ¢ = 3, though
results are robust to that specification.'® Our
theory predicts that «; < 0. Across the various
regressions, the estimated value for «; is nega-
tive and highly statistically significant. There is
strong and robust evidence of more extreme
legislators having less variability in their ADA
scores.

A potential problem with this empirical
model is selection bias in that our sample has
censored those legislators who die, choose not
to run again, or fail to be reelected. It is the last
that is a concern in that the voting record of a

®If a legislator entered Congress after 1946, we use
scores from his first ¢ legislative years. If he entered Con-
gress prior to 1947, we use his scores from 1947 to 1947 +
(c = 1).

° One does not want to use the same sample to calculate
measures of extremism and variability. Suppose that each
legislator’s score is actually an independent draw with the
probability distribution being identical across legislators.
Now compare two legislators; one who had relatively low
scores over his lifetime and one who had both low and high
scores. Compared to the latter, the former would have a
relatively low average score and a relatively low variance,
which is the same prediction as our theory.

101 ater empirical models will use a legislator’s initial
ADA score (¢ = 1), though this is not important for results.
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FIGURE 4. LEGISLATORS’ INITIAL VOTING RECORD AND VARIABILITY IN VOTING RECORD

Notes: Initial ADA score is the average of a legislator’s first three real ADA scores in the sample. Variance of ADA score
is the variance of a legislator’s real ADA score in the sample excluding the first three observations. Sample includes all
legislators with at least six observations.

TABLE 1—ESTIMATED RELATIONSHIP OF INITIAL EXTREMISM ON LIFETIME VARIANCE OF VOTING RECORD
VAR(ADA), = a + a;|MED(ADA), — ADAo| + vZ + ¢;

Coefficient on: 1) ) 3) ) 5)
INTERCEPT 105.65 72.74 — 56.16 —
4.703) (1.657) — (6.212) —
ABSOLUTE DEVIATION FROM MEDIAN —0.525 —-0.677 —0.505 —0.420 —0.561
(0.147) (0.037) (0.144) (0.160) (0.238)
TENURE — 2.873 3.598 3.505 3.187
— (0.074) (0.329) (0.341) (0.772)
DISTRICT TENURE e e —-2.733 — 0.904
— — (1.040) — (1.419)
SENATE — — — 16.19 —
— — — (15.26) —
SEN*(ABSOLUTE DEVIATION FROM MEDIAN) — — — —0.686 —
— - e (0.365) _—
SEN*TENURE — — — -0.235 —
— — — (0.827) —
SEN*(DISTRICT TENURE) —_— — —4.456 — —
—_ — (5.853) — n
OBSERVATIONS 1,458 1,458 1,458 1,458 570

Notes: The specifications in the table are variations of the above regression. Columns (1)—(5) include all legislators from
19501990 with at least six years of tenure. Column (2) estimates the model employing weighted least squares with
weights = 1/TENURE,. Column (3) includes dummy variables for districts. Column (5) includes all legislators with at least
six years of tenure from 1970-1990. All standard errors are robust to heteroskedasticity of unknown form and are given in
parentheses.
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legislator is presumably correlated with the out-
come of his bid for reelection. In that selection
bias suggests we are giving too much weight to
legislators with longer tenure, we have reesti-
mated the model using weighted least squares

with a weight of where Tenure; is the

Tenure;
number of years legislator i was in office. We
have also included it as an independent variable.
Note that our Bayesian learning theory predicts
that legislators with longer tenure should ex-
hibit less variance due to having accumulated
more information over time.

After taking account of tenure, the negative
relationship between extremism and variability
in voting behavior not only persists but is
strengthened [column (2)]. However, contrary
to the learning theory, the coefficient on Tenure
is positive so that legislators with more experi-
ence have higher variances. Both results can be
explained in light of selection bias. Legislators
who are rigid and fail to respond to changes in
voter preferences may have lower reelection
rates. Long-term surviving legislators may then
be those who adjust their voting behavior. In
that failure to adjust to voter preferences is
likely to be more detrimental to extreme legis-
lators than to moderate ones, selection bias
would seem to work against finding evidence to
support our theory in that rigid extremists may
be censored from our sample.

A key presumption underlying our empirical
strategy is that legislators differ only in the
mean and precision of their prior beliefs. How-
ever, suppose legislators do not have the same
probability distribution over signals or, more to
the point, this probability distribution is corre-
lated with a legislator’s extremism.'! Of partic-
ular concern is that voters’ preferences may be
more volatile in more moderate districts and,
ceteris paribus, more moderate districts have
more moderate legislators.'?> While one would

1 In terms of (13), the implicit assumption we are mak-
ing is that 0% and oZw are independent of E, ,[W?] and
E, [Wr].

12 yolatility in voters’ preferences is a concern only if it
is due to changes in the identity of the median voter. One
referee put forth the following rationale for why there may
be more volatility in more moderate districts. Suppose some
districts are strongly liberal (conservative) so that the me-
dian voter is always a Democrat (Republican). Other dis-

expect legislators to adjust their positions in
response to changes in voter preferences, as
long as they give some weight to their own
personal policy preferences such adjustment
should be partial, which implies a lower prob-
ability of being reelected. Districts with larger
changes in voters’ preferences are then expected
to result in more turnover of legislators. We
then include District Tenure—the average ten-
ure for legislators in a district—as well as dis-
trict dummies as explanatory variables. In that
this effect should be less severe for senators
because of their longer reelection cycle, we also
interact District Tenure with a dummy variable
that takes the value 1 if a legislator is a member
of the Senate. Referring to column (3), the neg-
ative relationship between extremism and vari-
ability persists. As predicted, District Tenure is
negative and statistically significant, though this
does not prove to be robust to restricting the
sample to 1970-1990.

Finally, the basic model with tenure (using
ordinary least squares) is estimated allowing for
differences between the Senate and the House
[column (4)]. We fail to reject the null that the
coefficients associated with the Senate are
jointly zero at the 0.05 level. We also limit the
sample to 1970-1990 [column (5)]. In both of
these modifications, the negative relationship
between variability in ADA scores and extrem-
ism and the positive relationship between vari-
ability and tenure persist.

C. Bias from the ADA Scoring Function

Recall that the mapping from a legislator’s
policy position to his ADA score may result in
his ADA score being more or less sensitive to
changes in his policy position, depending on the
location of his policy position. In particular, we
are most concerned with the possibility exem-
plified in Figure 3, where ADA scores are less
sensitive to changes in a legislator’s policy

tricts are moderate and the median voter may swing
between being a Republican and a Democrat. In those
districts, legislators tend to be moderate and may experience
relatively large changes in their policy positions when the
majority party in the district switches.
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position when a legislator is more extreme. In
this section, we develop and run a test for such
bias.

Consider v € (0, %2) and suppose the change
in the policy position, Av, lies in (0, ¥2 — v). For
the case shown in Figure 3, it follows that

(17)  |ADA(v + Av) — ADA(v)]

> |ADA(v — Av) — ADA(v)|.

This says that the change in the ADA score is
larger when the change in policy position makes a
legislator more moderate than when it makes him
more extreme. The same can be shown for v €
(Y, 1). If one assumes that the density function on
changes in policy positions is symmetric around
zero, an ADA function as shown in Figure
3 should result in the average change in the ADA
score, conditional on the change moving the ADA
score toward the mean score in the population,
exceeding the average change in the ADA score,
conditional on the change moving the ADA score
away from the mean score in the population. If
instead ADA(v) is more sensitive to changes in v
when v is more extreme (say, it is convex then
concave), the opposite relationship would be true.
We test for bias by comparing the average change
in ADA scores depending on whether the change
was a move toward or away from the population
mean."?

Letting M(ADA), denote the mean real ADA
score for all legislators in period ¢z, the average
value of |ADA;, — ADA,,_,| is estimated to be
8.90 when |ADA,, — M(ADA),| < |ADA;, , —
M(ADA), | and 9.20 when |ADA,, -
M(ADA),| > [ADA;, ; — M(ADA),_ .
These are different at the 0.027 level (using a x*
test). Though there is evidence of bias due to the
ADA scoring function, the bias is working
against finding evidence in support of our hy-
potheses and thus does not appear to be the
source of the negative relationship between ex-
tremism and variability found in Table 1.

13 In our model of ADA scores, ¥ actually represents the
mean/median of bills and status quos and not the mean/
median of the policy position of legislators. Nevertheless,
the two variables should be close.
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D. Extremism and the Rate of Convergence
of ADA Scores

A second property of the theory is that as
agents repeatedly receive public signals, their
beliefs are converging on the cumulative public
signal and those agents whose beliefs are more
precise find their beliefs converging slower.
This logic leads to our second testable hypoth-
esis: the more extreme is a legislator’s voting
record, the slower his voting record converges
to the average voting record.'* To test this hy-
pothesis, we estimated the following equation:

(18) ADA;, — M(ADA),

8
= 2 8;p)[ADA;,_, =~ M(ADA), _,]

j=1

+ €,

where ADA, , is the real ADA score of legisla-
tor i for year r, M(ADA), is the mean real ADA
score for all legislators in year ¢, and §; is a
dummy variable that takes the value one if and
only if legislator i’s initial real ADA score was
in the jth fractile of all legislators’ initial real
ADA scores. Fractile 1 includes the 12.5 per-
cent of legislators with the lowest initial scores
(most conservative) while fractile 8 includes the
12.5 percent with the highest initial scores
(most liberal). The most moderate elements are
in fractiles 4 and 5. Our theory predicts: p; >
P2 > p3 > py and ps < pg < p; < pg; that is,
the more extreme is a legislator’s initial voting
score—in terms of the fractile to which it
belongs—the slower that his score converges to
the average score among contemporaneous
legislators. '

14 Our theory predicts full convergence of ADA scores,
which we do not expect to happen. We should get a pre-
diction of partial but not full convergence by augmenting
the model to allow legislators to learn about an idiosyncratic
variable as well as a common variable.

15 Ralph Braid offered the following alternative model to
explain our results in Table 1. Suppose that legislator i votes
the same as the ADA with probability &; and legislators
differ in terms of this probability. In that the variance of
legislator i’s ADA score is decreasing in | — V2|, this
model also predicts the relationship in Table 1. However, it



