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Patterns of Congressional Voting

ABSTRACT

Congressional roll call voting has been highly structured for most of
American history. The structure is revealed by a dynamic, spatial analysis of
the entire roll call voting record f{from 1789 to 1985. The space is
characterized by a predominant major dimension with, at times, a significant,
but less important second dimension. In the modern era spatial positions are
very stable. This stability is such that, under certain conditions, short
run forecasting of roll call votes is possible. Since the end of World War
II, changes in Congressional voting patterns have occurred almost entirely
through the process of replacement of retiring or defeated legislators with

new members. Politically, selection is far more important than adaptation.
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I.Introduction

The Congress of the United States 1s a complex legislative institution
subject to a myriad of formal and Iinformal rules. Legislative action
typically requires the assent of numerous committees and subcommittees, as
well as the support of party leaders. Furthermore, legislation is shaped not
only by the 535 members of Congress and attendant thousands of staff, but also
by influences arising in the executive, organized lobbies, the media, and from
private individuals. One important cutcome of these varlous processes are the
recorded roll call votes taken on the floors of the two houses of Congress.

Beneath the apparent complexity of Congress, we find that these roll call
decisions can largely be accounted for by a very simple dynamic voting model.
In a spatial modelz, each legislator 1is represented by a point in
s-dimensional Euclidean space. £Zach roll call, whether it be a key vote on a
civil rights bill or a mundane motion to restore Amtrak service in Montana, is
represented by two points that correspond to the policy consequences of the
"yea" and "nay" outcames. The spatial model holds that a legislator prefers
the closer of the two alternatives. The extent of preference is expressed by
a utility function. The closer an alternative is to the legislator’s ideal
point, the greater the preference for the alternative, and the higher the
utility.

Although our work shows that a low cdimensional Euclidean model largely
captures the structure of Congressionzl voting, we should stress that the work
says nothing about how specific issues get cefined in terms of the structure.
We cannot, for example, explain why Robert Bork was rejected by the Senate
while a perhaps ecually conservaitive Supreme Court nominee, Antonin Scalia,
was confirmed by a 99-0 vote. Later in the paper, we do show that it would
have been‘possible, using our mocel, to have accurately predicted the Bork

vote on the basis of announced positions by members of the Judiciary



Committee. In other words, once the positions of the alternatives have been
defined, a spatial model can predict the outcome. But we have to leave to
other research the all important task of predicting how substantive issues get
mapped into alternatlives in the space.

What the spatial model does assert is that voting alignments must largely
remain consistent with spatial positions. Thus, the lobbying
process--involving interest groups and the White House--can be seen as a set
of efforts to alter the location of the cutting line on an issue.

The development of supercomputing has enabled us to estimate the spatial
model for the period from 1789 through 1985. The spatial structure uncovered
is very stable, with two exceptions that occurred when the two party system
had major break downs. The first was from 1815 to 1825, after the collapse of
the Federalist party; the second was in the early 1850’s during the collapse
of the Whigs and the division over slavery. Since the Civil War, the structure
has been sufficiently stable that the major evolutions of the political system
can be traced out in terms of repositioning within the structure. The Great
Depression, for example, witnessed a massive influx of "liberals", but there
was no sharp break with pre-Depression voting patterns.

The paper proceeds, in Part II, with a description of the behavioral
model that represents this simple structure of roll call voting and a brief
explanation of the estimation method, dubbed D-NOMINATE for Dynamic Nominzl
Three-Step Estimation. (The Appendix provides details concerning the
estimation technigue, statisticzl issues in the estimation, and Monte Carlo
tests of the method.} In Part III, we present evidence that, on the whole,
the space is of low dimensionzlity in which legislators occupy temporally
stable relztive positions. The argument in Part IV 1s directed at
establishing that issues of slavery and civil rights for Afro-Americans are

the mzjor source of exception to a unidimensional, stable space. In Part V,



we briefly illustrate the predictive capacities of the model with an analysis
of the confirmation vote on the Bork nomination to the Supreme Court. In the
conclusion, we point to two key findings. On the one hand, in contrast to
earlier historical periods, political change must now be accomplished by the
selection of new legislators through the electoral process rather than by the
adaptation of incumbent legislators to changes in public demands. On the
other hand, the possibility of major political change has been sharply reduced
because the average distance between the two major parties has fallen
dramatically in this century.
II. Estimation of a Probabilistic, Spatial Model of Voting

An Overview of the Model

Expressions such as "liberal”, "moderate", and "conservative" are part of
the common language used to denote the political orientation of a member of
Congress. Such labels are useful because they cuickly furnish a rough guide
to the positions a politician is likely to take on a2 wice variety of issues.
A contemporary liberal, for example, 1is 1likely to support increasing the
minimum wage, oppose 2id to the Contras, oppose construction of MX missiles,
support mandatory affirmative action programs, and support federal funding of
health care programs. Indeed, this consistency is such that just knowing that
a politician favors increasing the minimum wage is enough information to
predict, with a fair degree of reliability, the politician’'s views on many
seemingly unrelzted issues.

This consistency or constraint (Converse 1964) of political opinions
suggests that a politician's positions on a2 wice variety of issues can be
summarized by a simple formal structure, where, 2as mentioned above,

roll calls pairs of points in an Zuclicean space.

£

legislators are points an
Insofar as a speatial model can cepture Congressionzl roll call voting, it is

unnecessary to use a large numder of cimensions. We find that one dimension



captures most of the spatial information while a second dimension makes a
marginal but important addition to the model. Adding more dimensions does not
help us to understand Congressional voting.

Although the dimensions are mathematical abstractions, the reader can
think of one dimension as differentiating strong political party identifiers
from weak ones. Except for very brief periods, the United States has always
had a two party political system. It is not surprising, therefore, that one
dimension ranges from strong loyalty to one party (Democrat-Republican or
Democrat) to weak loyalty to either party to strong loyalty to a second,
competing, party (Federalist, Whig, or Republican). Another dimension
differentiates "liberals" from "conservatives" within the two competing
parties. The distinction between the two dimensions is a fine one. Loyalty
to a political party and loyalty to an ideology have a similar behavioral
implication of consistent, stable voting patterns. This is the reason
that--especially during periods of stability--a one dimensional model accounts
for most voting in Congress.

In Figure 1, we show a two dimensional example of a legislator’'s ideal
point along with the points representing the "yea" and "nay" zlternatives on a
roll call vote. The circles centered on the legislator represent contours of
the utility function employed in our study. If spatial proximity were the

only consideration, the legislator would clearly vote "yea. Furthermore,

consider the perpendicular bisector CC' of the line joining the "yea" and

"nay" outcomes. This bisector, termed the cutting line, should pick out
legislators who vote "yea" from those who vote "nay". Those legislators whose

ideal points are on the “nay"” side of the bisector should vote "nay".

[Figure 1 about here]



We say "should” because the model will obviously not be successful in
accounting for every individual decision. To allow for error, we employ the
logit model. In this model, it is only more likely that the legislator votes
for the closer alternative.

For a 1legislator whose 1ideal point falls on the cutting 1line, the
probability of voting "yea" will be 0.5. Legislators with ideal points far
from the cutting 1line will have a probability close to =zero or one.
Consequently, most "errors" (that is, legislators who voted "nay" when on the
"vea" side of the line and vice-versa) in classifying actual data should fall
close to the cutting line. We will later use rigure 2 to return to the topic
of error. The top panels of that {igure use tokens tc show the estimated
ideal points of senators and the estimated cutting lines for two actual votes.

The dimensions of the space are related to policy areas considered by the
legislature. VWe will show that "1%" dimensions can account for essentially
all the behavior that can be accounted for with a simple spatizl model that
allows for probabilistic wvoting. We say "1%" because, while a second
dimension adds significantly in some Congresses, the second dimension is
clearly less important than the first. That is, projecting all the diverse
issues treated by Congress onto one dimension accounts for about 80 percent of
the Individual decisions and adding a second dimension adds only another 3
percent.

Of course, how specific issues mep onito the dirmensions may change over
time. In the postwar period, an interpretaztion is fairly clear. The lineup
on overriding Truman’s 1947 veto of the Taft Hartley Act was almost a pure
division along the first, left to right, dimension. Sirilarly, minimum wage

and most other "economic” votes tend to line up on this dimension. In

[y

contrast, final passage of the 1954 civil rights act in the Senzte, which was

close to a pure Souih-North voie, was almosi z pure division zlong ihe second,
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top to bottom, dimension. However, most of the roll calls designated by
Congressional Quarterly as "key" votes in the postwar period, such as the
Panama Canal treaty (See Figure 2), the Jackson amendment on SALT I, and a May
15, 1974 vote on school busing, tend to be "Conservative Coalition" wvotes,
dividing the two parties internally at an angle of -45° to the left-right
dimension.

Indeed, the results of our scaling algorithm readily admit to more than
one interpretation. Defining the first dimension to be roughly along a a5°
line in Figure 2, we can differentiate liberals (southwest quadrant) from
conservatives within each party. The orthogonal dimension is a party loyalty
dimension. (The scaling algorithm does not use information about party.)
This interpretation follows Poole and Daniels’ (1985} two dimensional analysis
of interest group ratings.

A party dimension is present throughout nearly all of American history
while an orthogonal dimension captures internal party divisions. Thus, the
division between southern and northern Democrats after World War II finds a
parallel in the division between southerners and northerners in both the
Démocratic and Whig parties in the 1840's and in the division between eastern
and western Republicans from the 1870’s through the 1930's. "~

The fact that there is more than one substantive summary of our resultis
is not troubling. Indeed, the "economic" vs. "regionzl or socizl" and the
"liberal-conservative" vs. "party" interpretations both provide insight into
the results. Moreover, the major finding of this study is that an absiract
and parsimonious model can account for the vast bulk of roll call voting on a
very wide variety of substantive issues. Our "1%“ departs from much of the

previous literature which has either exogenously imposed a larger number of

dimensions (e.g. Clausen 1973) or used methodologies that were inappropriate

Hh

or the recovery cof spatial voting (Morrison 1872).



Estimation Methodology

The Data. Our estimation includes every recorded roll call between 1789 and
1985 except those with fewer than 2.5 percent of those voting supporting the
minority side. For a given Congress (two year period), we included every
legislator having cast at least 25 votes. Pairs and announced votes were
treated as actual votes. Observations with other forms of non-voting (absent,
excused) were not included in the analyéis.

The Spatial Parameters. After thus excluding near unanimous recll calls and
legislators with very few votes, the estimation requires Euclidean locations
for 9759 members of the House of Representatives, 1714 senators, and 70,234
roll calls. In a two-dimensional setup this requires estimating 303,882
parameters when spatial positions are invariant in time. This number is
nevertheless small relative to the 10,428,617 observed choices.

Additional parameters are required to allow for spatial mobility. Some
legislators clearly do not occupy stable positions in the space. For
instance, there 1is the remarkzble conversion of Senator Richard Schweiker
(R-PA) from a weak liberal to a strong conservative after being tapped =as
Ronald Reagan’'s vice presidential running mate in 1976. To allow for spatial
movement, we permitted all legislator coordinates to be polynomial functions
of time. Nonetheless, we found great stability in legislator positions. A
slight improvement in fit results from allowing linear trend;s higher orcer
polynomials make virtually no additional contribution.

In the estimated model, the locations of legislators and roll calls are
identified only up to a translation and rigid rotation. When we speak later of
dynamics or realignments, the movement is always relative to any global
translations or rotations. In contrast, the relative scale of the space is

identified intertemporally. One cannot arbitrarily shrink or stretch the

space over time. As a result, we can discuss changes in the degree of



polarization of the political system—-when legislators are spread further
apart in the space, the system is more polarized.

Functional Representation of the Model. We use a specific functional model of
choice to represent our hypothesis that roll call voting is sincere Euclidean
voting subject to "error" induced by omitted factors. To eliminate notational

baggage, we develop an s-dimensional model where legislator coordinates are

quadratic functions of time. The extension to higher order polynomials is
direct.

Legislators are indexed by 1. At time t, a legislator’'s Euclidean
position is given by (Xxxt’”"xxkt""'xist) where

X = xO + x1 t + x2 t2, k=1,2,...,s
1kt ik 1k ik

Time 1s measured in terms of Congresses. Within a Congress, time is held
constant. For each senator serving in four or more Congresses, all three

coefficients are estimated; for each senator in three Congresses, the constant
and linear coefficients are estimated; only x?k is estimated for senators who
served in only one or two Congresses.

Each roll call, indexed by j, is represented by two points in the space,
one corresponding to an outcome identified with a "Yea" (y) vote and the other
to the "Nay" (n) vote. The coordinates are written as 2Jyk and zjm( (We
omit time subscripts on the roll czalls.)

If there was pure Euclidean voting, each legislator would vote Yea if and
only if his or her location were closer to the "Yea" location than to the

-

"Nay" location.® In two dimensions, for example, this would be:

2 -
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Pure spatial voting ignores the "errors" or omitted variables that
influence voting. To allow for error, we assume that each legislator has a
utility function given by:

Ul(zjl) - uij] i cljr

U, = Bexp[—dfjl/S]
where B is an additional parameter estimated in the analysis, ¢ is a "logit
model” error which is independently distributed as the log of the inverse
exponential, and "8" is an arbitrary scale factor.

The parameter B 1s essentially a signal-to-noise ratio. As B is
increased, perfect spatial voting occurs--all probabilities epproach zero or
one. We have imposed a common B for all of U.S. history. The estimation was
not substantially improved by allowing a distinct B for each Congress.

As a result of our choice of error distiribution, we are able to write the

probability of voting "Yea" as:

exp[u’)vl
:) nar " = -
7o (UEE )ij exp{uljy] - exp[uIJ“] Sy

We chose the zbove specification for a number of reasons:
. . s - - . . 7 . .
First, the spatial utility function {u) is bell-shaped. This allows for

the possibiliiy that individuals cdo not attribute great cdifferences to distant

alternatives. For example, Ted Kennecv might see little to choose from in a

e

roposal that was at John Warner’s iceal point rether than at Jesse Helms’'.
But Helms might see a very large difference between two such proposals.

Second, using a stochastiic speciiication permiis developing a likelihood

function that is a functition of the coordinates *o be estipzted. As this
function is differentiable, it can be raximized by sizncdard numerical methods.

I7 we were concerned solely with crdinel sceling, we could eschew this
approach in one dimensional problems. That 1s, we coulé start with a

configuration of legislaiors and then 7ind a ridpoint for each roll czll that
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minimized classification errors. Next, the midpoints could be held constant
and classification errors could be further reduced by reordering the
legislators. This process can then be iterated to convergence. Such a
procedure indeed makes fewer classification errors than ours, which, in
maximizing a 1likelihood, heavily weights errors that correspond to low
probability choices. Ordinal scaling of this form, however, 1is wholly
impractical in more than one dimension.

Finally, by using the logit form of error, we can calculate the
probabilities in the closed form (1). The standard alternative to our
non-linear 1logit model would be probit. As this involves numerical
integration, more time is needed to estimate the model.

Further details about the estimation procedure appear in the Appendix.

III. Spatial Structure of Congressional Voting

Let us begin by showing typical, but recent "snapshots" of the voting
model. Figure 2 shows all voting members of the Senate in their estimated
positions and the cutting lines for two specific votes, the Panama Czanal
treaty vote on April 18, 1978 and a proposal to restore funding for the
National Science Foundztion on April 2, 1981. A "D" token represents northern
Democrats, "S" southern Democrats,8 and "R" Republicans (the one "I" is Harry
Byrd (VA)). Similar positions of senators produced overstriking. However, an
R token 1is =always overstruck by another R and S's zand D's are always
overstruck by other S's and D’s. The bottom part of each panel shows only
those senators who were, given their location reiztive to the cutting line,
"errors." As explained above, the probability of an error should be greatest
for senators closest to the cutting line. The data conform to the expected
pattern; errors in voting are far more 1likely for senators close to the

cutting line than {for those who are cdistant. When senzators’ Zuclicean

positions provicde a clear incdication of which side they should join, f{orces



not captured by our simple structure are rarely strong enough to produce a
vote that is inconsistent with the spatial model.
[Figure 2 about here.]

These two roll calls are qulite representative of post World War II voting
in Congress. Typically, roll calls divide at least one of the two parties
and have estimated cutting lines roughly parallel to the two shown in Figure
2.9 The tendency for cutting lines to be parallel explains why a one
dimensional model provides a useful approximation that accounts for most
voting decisions.

Returning to the question of "error", how general is the pattern shown by
the snapshots? A straightforward method of fit is the percentage of correct
classifications across all roll calls. The classification results for the
two-century history of both Houses of Congress are shown in Table 1. The
table reports classification both for all rell calls in the estimation and for
“close" roll calls where the minority got over 40 percent of the vote cast.
With a two-dimensional model, classification is better than 80 per cent for
"close" votes as well as all votes.

[Table 1 about here.

It can be seen that a reasonzble it is obtained from a one-dimensionzl

model where each legislator's position is constant throughout his or her

career. On the other hand, there 1is consicerazble improvement--about three
percentage points--from adding a second dimension. Allowing for a linear
trend in legislator positions acds aznother percentage point. (That we get

less of a boost in the percentages from the time trend than the dimensions is
expected. When we adcd a time trend, we add only one parameter per legislator
per dimension. In contrast, adding a2 dimension adds two parameters per roll

call as well as additional legislator parameters. Since roll czlls outnumber

legislators by over 5-to-1, it is no: surprising that classification shows

ey
[y



more improvement when we increase the dimensionality of the space than when we
increase the order of the time polynomial.)

Introducing more parameters in a dynamic spatlal model--through extra
dimensions or higher order pelyncmials--does not appreciably add to our
understanding of the political process. Adding extra spatial parameters
results in only a very marginal increase in our ability to account for voting
decisions. For example, consider adding to the two dimensional linear model
in the Senate. Allowing for a quadratic term in the time polynomial improves
classification only by 0.3 percent at a cost of 1456 additional parameters (2
dimensions x 728 senators serving in 4 or more Congresses). Allowing for a
third dimension improves classification by only 1.0 percent at a cost of
77,479 more parameters ( 2 more per roll call and one or two additional
parameters per legislator). Allowing for both generates an improvement of
only 1.1 percent. Thus, the important regularity we have found is that
somewhat over 80 percent of all individuzl decisions can be accounted for by a
two-dimensional model where individual positions are temporally stable. This
regularity is an important pattern, but the pattern does not arise from a
well-specified theoretical model that would fix the dimensionality of the
space. The decisions the spatial model cannot account for are likely to
reflect either very specific sets of constituency and other interests or
logrolling and other forms of sirategic votinglo that lie outside the paradigm
that forms the basis for our statistical estimation.

The Dimensionality of Congressional Voting

Since low dimensionality 1is an important and, to many, unexpected
empirical result, we will discuss several different sets of supporting
evidence for it. First, for three Houses, we show the increments to the
percent classified correctly when D-NOMINATE is estimated with as many as 21

dimensions. Second, we evaluate the classification ability of the second

12



dimension from the two dimensions with linear trend estimation, and compare
this to the first dimension. Third, we compare our ability to classify with a
one dimensional model with what might be expected 1f legislators and roll
calls were distributed within an s-dimensional sphere. Fourth, we show that
the results of D-NOMINATE are reasonably stable when the algorithm is applied
to subsets of roll calls that have been defined in terms of substantive
content. Fifth, we show that an alternative measure of fit, the geometric
mean probablility of the observed cholces, gives similar results to those based
on classification percentages. Sixth, since dimensionality may depend on the
agenda, we compare the model’'s performance with measures of the diversity of
the agenda. Seventh, we ask which 1ssues in American history led to an
important role for a second dimension.

1. Models of High Dimensionality. As our first check on dimensionality of
our dynamic models, we selected three Houses and estimated the static model up
to 50 dimensions. The 32nd house (1831-52) was chosen because it was one of
the worst fitting Houses in two dimensions and thus was a good candidate to
exhibit high dimensionality. The 85th House (1957-58) was chosen because it
was analyzed with other methods by Weisberg (1968). In addition, the 85th
House 1s part of a period when the two dimensional linear model clearly
dominates the one dimensional linear model. Finally, the $7th HEouse (1881-82)
is included ©because it =appears that roll call voting became nearly
unidimensionzl at the end of the time series.

Figure 3 displays the classificaztion gzins Zor the 2nd through the 2is:
dimensions for each of the three Houses. The classification percentage for
the first dimension was 70.2 for the 32nd House, 78.0 for the 85%h, and 84.1
for the ¢S7th. The bars in the figure indicate how much the corresponding
dimension adds to the total of correctly classified. (The horizontzl axis is

labelled such %hat corresponds to the fourih dimension, eic.) Noie ihat
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the bars do not drop off smoothly--in f{fact on one occasion the bar |is
negative--because the algorithm is maximizing likelihood, not classification.
[Figure 3 about here.]

The 97th House is at most two dimensional with the second dimension being

very weak. After two dimensions the added classifications are minuscule.
There is a clear pattern of noise fitting beyond two dimensions. In contrast
to the 97th, the 85th House is strongly two dimensional but again there is
little evidence for additional dimensions. While the 32nd does show evidence
for up to four dimensions, even four dimensions account for only 78 percent of
the decisions. These results argue that either voting is accounted for by a
low dimensional spatial model or it is, in effect, spatially chaotic. There
appears to be no middle ground.
2o The Relative Importance of the Second Dimension. Although the evidence
presented in Table 1 and Figure 3 suggests a marginal role for at most a
second dimension, and a weak one at that, it is important to evaluate the
second dimension by other than its marginzl impact. Specifically, Koford
(1989) argues that a one dimensional model will provide a good fit even when
spaces have higher dimensionality. For example, in a truly two dimensional
space, one dimension will have some success at classifying any vote that is
not strictly orthogonal to the dimension. As a result, the marginzl increases
in fit on the order of 3 percent may understzie ithe imporiance of the second
dimension.

The natural question, then, is how well does the second dimension do in
classifying by itself. To study this, we took the second dimension legislator
coordinates from our preferred model, two dimensions with linezar trend, and,
for each roll call, found a cutpoint which minimized classification errors.
We used the minimum errors to compute overall clazssification percentages. We

made the same computation for the first dimension.



[Figure 4 about here.]

The results of these computations for the House11 are shown in Figure 4.
The averages of the 99 biennial figures show the first dimension correctly
classifies 84.3 percent of the votes but the second dimension accounts for
only 70.8 percent. The 70.8 percent is particularly unimpressive given that
predicting by the marginals would lead to 66.7 percent. If the two dimensions
were indeed of equal importance, then in some Congresses dimension "two" might
do better than dimension "one". But in all 99 Houses, "one" did better. The
Senate results are a tad weaker--83.8 percent for one dimension versus 73.6
for two. The marginals here were 66.1. In addition, "two" does better in
Senates 2, 17, and 18. But clearly the second dimension is a second fiddle.
o How Well Should One Dimension Classify? In addition to this empirical
compariscn between our two dimensions, following Koford (1989), we consider
the issue of unidimensional £fit theoretically. Specifically, we assume an
n-dimensional uniform spherical distribution of iceal points and consicer the
projection of these ideal points onto one dimension uncer the conditions of
errorless spatial voting in the n-dimensional spzce. As for the distribution
of roll call cutting lines or separating hyperplanes, note that each roll call
hyperplane can be represented as tangent to a sphere of radius r that has a
common center with the ideal point sphere. For fixed r, we assume that the

distribution of tangency points is uniform on the sphere. ks Zor the

(XN

cistribution of r, we make use of the fact that, with errorless spatial
votiing, there is a one-to-one relationship between r and the expected split y
(y %4 in the majority, 100-y in the minority) on the roll call. We use the
empirical cistribution of vy, that is, the historical distiribution of the

marginals, to cdefine the distribution of r. Given the empirically generated

distribution of r and the assumed uniform distributions of iangency points and

s
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ideal points, one can calculate the percentage of correct classifications that
would be made by a one-dimensional projection.

For s=2, we can calculate the exact percent correct for errorless spatial
voting. For the empirical distribution of splits over all roll calls Included
in our analysis, 78.9 would be classified correctly in both the House and
Senate if legislators and roll calls were spherically uniform for s=2. Thus,
it might be the case that the 80 percent correct classification we obtain in
the one-dimensional constant model might arise from perfect two dimensionzal
spatial voting. However, with two dimensions, we correctly classify 83.5
percent (Table 1). Thus, a better benchmark model would be two-dimensional
voting with an error rate of 16.5 percent. The 83.5 percent voting correctly
in two dimensions would be projected correctly with probability 0.789. The
16.5 percent voting incorrectly would have their error "corrected" by an
incorrect projection with probability 0.211. Therefore, a one-dimensional
projection would correctly classify only 83.5(0.789) + 16.5(0.211) = 69.4
percent of the individual votes.

For s > 3, we conducted simulations. We had 5000 voters ranrndomly drawn
within the unit sphere vote perfectly on 900 randomly drawn roll calls. Using
the empirical distribution of splits, Table 2 shows how the percent correctly
classified declines with s. As the dimensionality increases, the percent
correct for a one dimensional projection approaches the average value of y or
the percent correct for the "Majority" model. The table indicates that for =2
one-dimensicnal model to classify at the 80 percent level, the underlying
distributions of ideal pcints and cutting lines must be ‘“nearly"
one-dimensional rather than spread uniformly about some space of even modestly
higher dimensionality.

[Table 2 about here.]



4. Do Different Issues Give Different Scales? In contrast to our emphasis on
low dimensionality, Clausen (1973) has argued that there are five “"dimensions”
to Congressional voting represented by the issue areas of Government
Management, Social Welfare, Agriculture, Civil Liberties, and Foreign and
Defense Policy. We have coded every House roll call from 1789 to 1985 in
terms of these five categories, and, for completeness, a sixth category termed
Miscellanecus. If the issues are really distinct dimensions, we ought to get
sharp differences in legislator coordinates when the 1issues are scaled
separately.

To conduct this experiment of separate scalings, we chose the 95th House
because it had the largest number of roll czll votes (1540). There were 714
Government Management votes, 286 Soclal Welfare votes, 311 Foreign and Defense
votes, and, to have enough votes for scaling, 229 in a residual set that
combined Agriculture, Civil Liberties, and Miscellaneous. We then ran one and
two dimensional (static) D-NOMINATZ on each of these four clusters of votes.
Because it is difficult to directly compare coordinates irom two dimensionel
scalings, we based our comparisons on correlations between zll unicue pairwise

12
distances among legislators.

Correlations between the management, welfare, and residuzl categories for
one dimensional scalings are, as shown in Table 3, all high, around 0.9,
Correlations between the foreign and defense policy category and the other
three were somewhat lower, in the 0.7 to 0.8 range.13 ts a2 whole, the results

ardly suggest that each of these clusterings of substantive issues generzies
a separate spatial dimension.
[Table 3 about here.]

When the same subsets of votes are scazled separately in iwo dimensions,

the correlations are somewhat lower than they are in one cdimension (agzin see

Table 3). This result 1is not surprising. The ©5th House had nezarly
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unidimensional voting. From the D-NOMINATE unidimensional scaling with linear
trend that was applied to the whole dataset, we find that one dimension
correctly classifies 83 percent of the votes in each of the four categories,
With two dimensions the percentages Iincrease only te 84 percent for Social
Welfare and Fereign and Defense and 85 percent for the other two categories.14
Moving from one to two dimensions doubles the number of estimated parameters
with only slight increases in classification ability. In breaking down the
roll calls into four categories and estimating separately, the number of
legislator parameters is effectively quadrupled. With a further doubling of
all parameters, by moving from one to two dimensions, one is likely to be
fitting idiosyncratic "noise" in the data. The fit to the noise weakens the
underlying strong correlations between legislator positions. We also note
that the spirit of Clausen’s work suggests that each category should be scaled
in one dimension only. In summary, our breakdown of the 95th House in terms
of Clausen categories indicates that the categories represent highly related,
not distinct, "dimensions".
5. Evaluation by Geometric Mean Probability. In addition to computing
classification percentages, the model may be evaluated by an alternative
method that gives more weight {o errors that are far from the cutting line
than to errors close to the cutting line--a vote by Edward Kennedy (D-MA) to
confirm Judge Robert Bork to the Supreme Court would be a more serious error
than a similar decision by Sam Nunn (D-GA). Such a measure is the geometric
mean probzbility of the actuazl choices, given by:
gmp = exp{log-likelihood of observed choices/N),

where N is the totzal number of choices.

Summary gmps for the various estimations are presented in Table 1. The
pattern matches that found for the classification percentages--little 1is

gained by going beyond two dimensions or a linear trend.



In Figure 5, we plot the gmp for each House for the following models:

(1) A two-dimensional model with legislator positions constrained to a
constant plus linear trend.

(ii) A one-dimensional model, with legislator positions constrained to a
constant.

(111) A one-dimensional model that is estimated separately for each of the
first 99 Congresses. Note that in this model there is no constraint on how
legislator positions vary from Congress to Congress.

Motivation for the third model came from a recent argument by Macdonald
and Rabinowitz (1987) that American politicel —conflict 1is  TDbasically
one-dimensional within the time span of any one Congress but that the
dimension of conflict evolves slowly over time.15

[Figure 5 about here.]

The Macdonald-Rabinowitz Thypothesis, unidimensionality within any
Congress, is sustained for the entire period following the Civil War. As
shown in Figure S, the gmp for model (iii) has not fallen below 0.64 since
1853-54, oscillating in the 0.64 to 0.74 reange with the exception of the very
high gmps that occurred in the period of strong party leadership around the
turn of the century. The hyvpothesis of slow evolution is supported by our
result that voting patterns can be largely captured by a2 one cdimensional model
where individuzl positions are constant in time. In Figure 5, the curve for
model (ii) closely tracks the curve for model (iii). Model (i) provides a

- .

slightly better t:‘acking.":> Secause political change is slow, roll call voting
reflects changes in the substance of Americen politics either as a trend for
an individuzl legislator in 2 two dimensional spzce or as replacement of some
legislators by others with different positions in the spzce.

6. The /4genda and Dimensionality. One basis for the Macdonald-Rabinowitz

argument would be that short-term cozlition arrangements enforce a logroll



across issues that generates voting patterns consistent with a unidimensional
spatial model. Another potential conslideration 1is that short run
unidimensionality may reflect the fact that, in any two-year period, Congress
must place some restriction on the Issues that can be given time for
consideration. If this is so, Congresses that consider a diversity of issues
should be less unidimensional.
To test out this diversity hypothesis, in at least a crude way, we
18

computed, for each of the 99 Congresses, the Herfindahl concentration index

for the six Clausen categories. We also coded all House roll calls using a

finer-grained set of 13 categories developed by Peltzman (1984). The
Herfindahl index was also computed for the Peltzman categories. The indices
19

validate, but very weakly (R=.362" 7). Just over half the variatien in the
index for Peltzman categories is explained by trend (R=-.709), as government
has expanded over time. The index for the Clausen categories is more weakly
related to trend (R=-.405). Both indices are "significantly" correlated with
the geometric means from the two dimensional, linear trend model, but in a
counterhypothesis direction. As the roll call set becomes more diverse, the
model fits better (R=-.302 for Clausen, -.369 for Peltzman). The result 1is
undoubtedly spurious. The worst fitting years occur early in the time series
while the agenda has become more diverse over time. Indeed, diversity of the
agenda, at least as measured by these indices, is not "significantly" related
to the ability (difference in geometric mesens) of the two dimensional model to
improve over the one dimensional linear model (R=-.08% for Peltzman, ~-.138 for
Clausen).

One reeson for these basically negative results for the diversity
hypothesis is that the 1indices have exhibited 1little wvariation. For
Congresses 40-9%, the index for Clausen averaged 0.355 with a standard

deviation of 0.082; for Pelizman, the average is 0.090 and the standard



deviation 0.020. In the last 100 years, Congress has had a full and
wide-ranging agenda. Low dimensional voting has not occurred simply because

votes are restricted to a narrow topical area.

7. Issues and the Second Dimension. There have been relatively few issues
that have consistently sparked a second dimension in spatial terms. We
demonstrate this by considering the PRE over the marginals [PRE = 1 -

(D-NOMINATE errors)/(Number voting on minority side)] within each of the
Clausen categories. We use PRE to control for differences in marginals across
categories. We computed the PRE for the linear models in one and two
dimensions. We obtained PREs for 6 categories x 99 Houses. We then filtered
these into a subset that contains only those category-Congress pairs that were
(a) based on at least 10 roll calls, (b) had a two dimensional PRE of at least
0.5, and (c) had an increase in the PRE of at least 0.1 between one and two
dimenSions.ZO In other words, we found sets of roll calls that were highly
spatial and where the second cimension made an important diiference. These
appear in Table 4.
{Table 4 about here.]

It can be seen that the second dimension was "important” in only 6 of the
first 23 Houses. It appeared sporacdically in different areas. In Houses
24-31, the second dimension emerges in 5 Houses, and Civil Liberties is the
key. Note for further reference, however, that, after the Compromise of 18530,
Civil Liberties (essentially slavery) wvanishes as an issue that is
accommocdated by introducing a second dimension. In fact, Irom the 32nd
through the 75th Congress, there are only 3 occasions, 1853-54, 18¢3-94, and
1915-16 when the second dimension mzcde a key difference, each time only in one
issue area. The "realignments" of the 1890's and 1930’s were largely
accommodated not by a shift in the space but by the infusion of new blood

(Republicans in the 90's and Democrais in the 30’s) in the existing space.
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In contrast to the first 75 Houses, the second dimension was
systematically important in Houses 76 (1939-40) through 91 (1969-70). Except
for the 80th Congress, every House in this period appears in the table. Civil
Liberties is the most frequent category. (The 80th is eliminated because
there were only 8 Civil Liberties votes; however, their PRE was 0.62 in two
dimensions, an increase of 0.26). Moreover, in only one case (the 90th
Congress) did the second dimension matter in fewer than two issue areas. In
other words, when the space became strongly two dimensional, it became
consistently so across a wide variety of topics. As stated earlier, the
dimensions are not so much defined by topics as they are abstractions capable
of capturing voting across a wide set of topics.

Finally, from Congress 92 out, the second dimension appears only once
when the PRE is over 0.5, reaffirming our earlier conclusion that the House is
currently virtuvally unidimensional.

Table 4 also shows groups of roll calls where the second dimension
increases PRE by 0.1 but the total PRE is below 0.5. In other words, here we
have roll calls where fit 1i1s improved but where a spatial model does not
explain most of the "variance." The first 50 Houses account for a higher
fraction of the entries here, reflecting the poor fits in some years. For
example, in our two worst-fitting Houses, the 17th and 32nd, a second
dimension helps the category with the most votes, Government Manzgement, but
the PRE remains low.

tgriculture, particularly since the 89th House, appears to be the one
category that is not captured by a spatial model. {In the first 60 Houses,
there were only three with at least 10 votes in the category.) Agriculture
seems to have gradually fallen out of the spatial framework. Immediately
after World War II, Agriculture had one-dimensional PREs over O0.6. In the

fifties and early sixties, the one dimensional PREs fell but Agriculture still
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fit spatially via the second dimension. In the seventies and eighties, voting
on agriculture has been largely non-spatial. Indeed, from the 88th House
forward, Agriculture has consistently the lowest PRE of the six categories.2

We repeated the above analysis, using the same filters, for the Peltzman
coding. The results were quite similar. Results for Peltzman's Domestic
Policy code were like those for the Clausen Civil Liberties code. As with the
Clausen codes, voting in a variety of other areas also scaled on the second
dimension in Houses 76-91. In summary, our analysis of PREs reinforces our
findings of low dimensionality. Particularly in recent times, when a second
dimension has an impact on fit, the impact is on the one area, agriculture,
that is essentially non—spatial.22
Spatial Stability

We have seen that, to whatever extent roll call voting can be captured by

a spatial model, a low dimensional model, say "1

dimensional, suffices. But

IV e

what of the temporal stzbility of the model. Ve address three issues here:
{1) Does the model consistently fit the data in time? (2) Is the major, first
dimension stable in time? (3) Are individual positions siable in time.
1. Stability of Fit. Inspection of Figure 5 shows that there are only two
occasions when spatial models fit poorly. Poor fit occurs beiween 1815 and
1825 when the Federalist party collapsed and gave way to
Feelings", and in the early 1850's when the destabilizztion induced by the
conflict over slavery was marked by the collapse of the Whigs. Thus, in
eriocds of political stability, roll cell voting can be described by a low
dimensional spatial model. In contrast, voting is largely chaotic in unstable
periods when a political party expires znd a new one s formed. In the
twentieth century, the spatial model has consistently provided a good fit to

the cata, even if the agenda was buffeted by z fast pzce of external events,



including four prolonged armed conflicts overseas and the Great Depression of
the domestic economy.

2. The Stability of the Major Dimension. Given the pace of events, it would
be possible for the major dimension to shift rapidly in time. In our dynamic
model, rapid shifts are to some extent foreclosed by our imposition of the
restriction that individual movement can be only linear in time. While the
small gains in fit from higher order polynomial models (see Table 1)
constitutes evidence that legislators do not shift back and forth in the
space, we thought it important to evaluate stability in a manner that allows
for the maximum possible adjustment.

To perform this evaluation, we return to model (iii) where one
dimensional, static D-NOMINATE was run 99 times, once for each Congress. This
gets the best one dimensional fit for each Congress and allows for the maximum
adjustment of 1individual positions. Since there 1is no constraint tying
together the estimates, we cannot compare individual coordinates directly, but
we can compute the correlations between the coordinates for members common to
two Houses or two Senates. Rather than deal with a sparse23 99x99 correlation
matrix, we focus on the correlations of the first 95 Congresses with each of
the succeeding four Congresses. This allows us to look at stability as far
out as one decade.

In the upper portion of Table 5, we average these correlations across the
first 95 Congresses and for four periods of history. For both Houses of
Congress, the table shows that the separate scalings are remarkzably similar,
especially since the end of the Civil War. After 1861, a senator could count
on a stable alignment, relative to his colleagues, over an entire six year
term (t+1 and t+2).

{Table 5 about here.]



In the lower portion of Table 5, to save space, we display the individual
pairwise correlations only for situations where elther the correlation of t+1
was less than 0.8 or a later correlation was less than 0.5; that is, we show
periods of instability. Consistent with the preceding discussion, the low
correlations are overwhelmingly concentrated in pairs where at least one
Congress preceded the end of the Civil War.

It is further noteworthy that a preponderance of the low correlations
fall, for both Houses of Congress, in the Era of Good Feelings {at least one
pair in the correlation in Congresses 14 to 18), and, for the House, in the
period around 1850. These cases are not spatial flip-flops, where two solid
ma jor dimensions bear little relation to one another, but simply cases of bad
fit where there is not a strong first dimension in some Congress.24 (The only
geometric means below 0.6 for the House occur in Congresses 14, 15, 17, and
32; Congress 17 has the lowest geometric mean for the 99 Senates.)

Subsequent to the Civil War, there is only a t+l correlation below 0.8
for House 44 (1875-76), which precedecd the end of Reconstruction, House 61
(1909-1910), House 77 (1941-42), and Senate 69, (1925-26). We note that none
of the years in guestion involve either the "realignments" of the 1830’s or
the Great Depression. Thus, the realignments were not shifts in the space but
mainly changes in the center of gravity along an existing dimension. The first
dimension is remarkably steble; the siability persists through the period in
the 40’s, 50's, and 60's when a second cimension was zlso important.

o Individuel Stebility and Reputations. It is possible to obtazin high

correlations when individuzls are moving in the space. If members serving at

[OR

time t all had nearly ecuzl trend coefficients, their coordinates would remain
highly correlated even if they were moving relative to indivicduals elected

later than t.



To assess the stability of individual positions in the space, for each
legislator we computed the annual movement implied by the estimated trend
coefficients in our two dimensional, linear estimatlon. Given that the space
we estimate is identified only up to translations and rotations, one has to
interpret the movements in relative terms. The trend coefficient tells us
whether an individual is moving relative to legislators whose careers have
overlapped the individual’s.

Average trends for each Congress are shown in Figure 6.25 The figure
reports results only for legislators serving in at least 5 Congresses--roughly
a decade or more. Similar curves for legislators with shorter careers would
appear systematically above those plotted in the figure. Thus, annuzl
movement decreases with the total length of service.

[Figure 6 about here.]

Two hypotheses are consistent with this observation. On the one hand,
legislators with abbreviated periods of service tend to be unsuccessful
legislators; their movement may reflect attempts to match up better with the
interests of constituents. On the other, short run changes in the key issues
before Congress--such as the Vietnam War or the current trade gap--may result
in the spatial position resembling an autoregressive random walk. In this
case, the estimate of the magnitude of true trend will be bizsed upward, with
greater blas for shorter service periods.

Another result, one we see as more important than the f{inding that
spatial movement is limited for legislators with long careers, is shown in
Figure 6. Prior to the Civil War there is a choppy pattern in the figure, most
likely in part a consequence of the smaller number of legislators in this
period, both in terms of the size of Congress and of the fraction of Congress
serving long terms. The key result occurs after the Civil War. It can be

seen thai spatial movement, which was never very large relative to the span of
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the space, has been in secular decline, except for upturns in the 1890’'s
realignment and the realignment following the Depression.26 Since World War
II, individual movement has been virtually non-existent.27 (The visibility of
party defections by Wayne Morse and Strom Thurmond proves the rule. ) An
immediate implication of this result is that changes in Congressional voting
patterns occur almost entirely through the process of replacement of retiring
or defeated legislators with new blood.28 Politically, selection is far more
impértant than adaptation. Of course, Congress as a whole may adapt by, for
example, moving to protectionism when jobs are lost to foreign competition.
But as such new items move onto the agenda, their cutting lines will typically
be consistent with the preexisting, stable voting alignments.

The current lack of spatial mobility is likely to reflect the role of
reputation in American politics. While on the one hand politicians might
choose to adapt to changes in 1issues, demographics, incomes, etc. that are
relevant to their constituency, on the other the process of acaptation may
result in voters believing the politician is less precdictable. In turn, risk
averse voters will value predictability ([Bernharét and Ingberman (1983)].
Therefore a politician faces a tradeoff between mzintazining an established
reputation and taking a position that is closer to the current demands of the
constituency. Politicians also may find a reputation usefuvl in cultivating
campaign contributors. Some mixture c¢f reduced change in constituvency
demands, increased incentives to maintazin a repuiation and, perhaps, other
factors are manifested by the reduced spatial mobiliiy of legisiztors.

IV. What is Not Stable and Unidimensional: North and South

Since the Civil War, American politics, in spatial terms, has been

remarkably stable. Issues have largely been dealt with in terms of being
napped contc a generalized liberal-conservative dimension. Zven such mejor

political events as the "realignmenis" of ihe 1820°s zand 1¢30's have Dbeen
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accommodated in this manner (Figure S). During the reallgnments, legislators
changed their positions to a somewhat greater extent than usual (Figure 6),
but the changes were largely ones of movement within the existing space. And
over time, movement has become more restricted, with, for example, lesser
movement during the 30’s realignment than during the 90’s.

"North vs. South" or perhaps "Race" may be used to label the major issue
that has not fit into the liberal-conservative mapping. While at times the
model fits well prior to the Civil War, the fit is less pervasive, The
conflict over the extension of slavery to the territories produced the chaos
in voting in the 1850s. In the 20th century, while voting is spatial
throughoui, a second dimension becomes important in the 1940’s, 50's and 60’s,
when the race issue reappeared as a conflict over civil rights, particularly
with respect to racial desegregation and voting rights in the South. The
civil rights issue, rather than fully destabilizing the system, was
accommodated by making the system two dimensional.

To this point, however, our analysis has not examined the race issue
directly. We have only noted zanomalies in the fits in periods when race is
thought to have been a key issue. Results based on the Clausen and Peltzman
categories helped somewhat, but Clausen’s Civil Liberties and Peltzman’s
Domestic Social Policy codes cover many non-race 1issues such as freedom of
speech and the Hatch Act. However, we have our own more detailed coding of
all roll calls in terms of substantive issues. There is a specific code for
Slavery and another for Civil Rights votes that meinly concern blacks rather
than other groups of individuals.

The analysis for these issues is contained in Table 6, which provides
results for all Houses that had at least 5 roll calls coded for the topic.

The first appearance of slavery is in 1809%-10. The issue--we suspect

like many that do not have a sustained appearance on the agenda--does not
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scale well, even in two dimensions, and disappears f{or over a decade, until
the 15th and 16th Houses. Although these Houses are quite poor in overall
fit, the slavery votes fit quite nicely along the first dimension.

[Table 6 about here.]

From the 23rd through the 38th House, there are substantial numbers of
slavery votes in every House. From the late 1830's through 1846, slavery is
accommodated within the spatial structure by a second dimension.
Classifications and PREs are high during this period. The destabilization of
the issue begins in 1847 and continues through 1852, a period centered on the
Compromise of 1850. There is a substantial reduction in the ability of the
spatial model to capture slavery votes. A temporary recuction in the actuzl
number of slavery roll calls perhaps testifles to the difficulty of dealing
with the issue.

The issue in fact could not be accommodated by the existing party system.
“"Free Soilers" and "States Rights" acherents appear in Congress in increasing

numbers in the early 18350’s zand the elections of 1855 mark the wvirtual

completion of the process of the replacement of Whigs by Republicans.
As the party system changed, true spatial realignment occurred. From

1853-54 onward, when the Kansas-Nebraska Act was passed, slavery votes fit the

model exceptionally well on the first dimension. Particularly, in 1853-54,

when "slavery" represented a quarter of all roll calls, slavery most likely
cefined this dimension. irst cdimension classifications and PREs are
remarkably high.

The North-South conflict persists on the dimension via "Civil Rights"
votes from the Civil War through the 43ré EHouse, 1873-74. (Classifications and

PREs remain high. (The alternztive label "race" is suggesied by the fact ihat

roll calls in the category "Nullification/Secession/Reconsiruction” also line

rst dimension, but with somewhat lower PRZIs than "Civil Rights".)

[

up on the f



From 1875 through 1940, "Civil Rights" votes occur only sporadically. In
line with our contention that "race" 1is the major determinant of spatial
realignment, this period is stable and largely unidimensional.

"Civil Rights" reappears on the agenda in 1941-42. For the next thirty
years it remains as an issue where the second dimension is always important.
Through 1971-72, the two dimensional scaling always adds at least 0.10 to the
PRE. Indeed, the first dimension is often "orthogonal" to Civil Rights;
several one dimensional PREs in Table 6 are close to zero. In five instances,
the second dimension increased PRE by over 0.5. Despite the fact that our
detailed coding of issues produced 978 occcurrences of 1issue codes with at
least five votes in a Congress, a PRE improvement over 0.5 occurred only one
other time in the 99 Houses--Public Works in 1841-42.

The pattern of PRE improvements is echoed by Figure S; the period from
roughly 1941-42 to 196%-70 is the only period where the two dimensional model
consistently and rather substantizlly out performs the other two models. In
fact, the second dimension curve (i) is even further above that of (iii) for
the Senazte during this period, reflecting in part the many cloture votes the
Senate took on civil rights filibusters. In the House, unlike slavery votes
in the 1850’'s, "Civil Rights" votes were never a substantial fraction of the
votes before Congress. The debate was contained. By the 1970’'s and 80’s the
debate had shifted from one of changing the status of southern blacks to
measures that would have a national impact on civil rights. Correspondingly,
although civil rights votes occur in the ©93rd, 95th, and $7th House, the
second dimension no longer makes a major contribution.

The accommodation of the civil rights issue to the political system is
traced out, for the Senate, in Figure 7. At the inception of Ffranklin
Roosevelt's administration, race was not an important political issue, and the

primary concern of southern Democrzts remzined the Souih’s economic dependence
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on Northern capital. As a result, southern Democrats appeared largely as a
random sample of all Democrats or, to the extent they were differentiated,
they represented the liberal wing of the party (Figure 7A). As the importance
of the race issue intensified in the 1940s, southern Democrats began to be
differentiated from northern members of the party (Figure 7B). By the mid
1960s, when civil rights was the dominant item on the congressional agenda,
southern Democrats had separated nearly completely (Figﬁre 7C) and there was a
virtual three party system. In these years, roll call votes on civil rights
issues tended to have cutting lines parallel to the horizontal axis, opposing
southerners, at the top of the picture, and a few highly conservative
Republicans, to the rest of the Senate. In later vears, confronted with
increasingly large numbers of registered black voters, southern Democrats
gradually took on the national party’s role of representing such groups as
minorities and public employees.29 Consecuently, the differentiation of
southern from northern Democrats decreased (Figure 7D).30
[Figure 7 about here]

On the whole, the process we have traced out occurred largely through
changes in the membership of the southern Democrat delegation in Congress.
Those who entered before the passage of key legislation in the 1960s tended to
locate in more conservative positions than those who entered after.31 The
changes by southern Democrats have resulted in the 1980's being not only a
period in which spatial mobility is low but also one which is nearly spatizlly
unicdimensional.

V. Predictions from the Spatial Model

The great stability of individusl positions implies that the spatizl

mocel can be used for short-term forecasting. To illustirate, consider the

vote on Judge Bork in 1987. The spaiial positions, shown in Figure 8 result

by

rom mocdel {iii) estimetion with only 1$85 dzta used.
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[Figure 8 about here.]

Quite early on in the confirmation process, the five most liberal members
of the Judiciary Committee came out in opposition to Bork, and the five most
conservative members supported him. The last four members of the committee to
take a public stance were between these two groups, a finding parallel to our
earlier result that "errors" tend to occur close to cutting lines.

As soon as Arlen Specter (R-PA) made known his opposition, 1t was
possible to predict, accurately, that the final committee vote would be 9-5
against, since the remaining three undecided members were all more liberal
than Specter. At this time, using the fact that Grassley (R-IA) had announced
support for Bork, one could predict a final Senate vote of 59-41 against.
(The four senators between Specter and Grassley on the scale were predicted to
split 2-2, senators elected since 1985 were predicted to vote on party lines.)
In Figure 8, we present some information on the temporzl ordering of
announcements as well as the final vote. Note that, echoing the committee,
moderates. _tended to announce relatively late.32 The actual final vote was
58-42. At the individual level, the spatial model correctly forecast the vote
of 93 of 100 senators. As was the case with Figure 2, the errors tend to be
close to the cutting line.

VI. Conclusion: Consensus and Impasse

Although the spatial model has an applied use in short-term prediction,
its greater relevance is in what it indicates about long-term changes in our
political system. The average distance between legisliators within each of our
two major parties has remained remarkably constant for more than a century
(Figure 9). The maintenance of party coalitions apparently puts considerable
constraint on the extent of internal party dissent.

[Figure S about here.]
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In contrast, the average distance between the parties--and by inference
the average distance between all legislators--has shrunk considerably in the
past 100 years.33 The conflict between Edward Kennedy and Jesse Helms is
undoubtedly narrower than that which existed between William Jennings Bryan's
allies and the Robber Barons. Symptomatic of the reduced range of conflict is
the willingness of most corporate political action committees to spread their
campaign contributions across the entire space, the most liberal Democrats in
the southwest quadrant excepted.34 Although, a well-defined two party system
persists and although liberals and conservatives maintain stable alignments
within each party (Figure 7D), the range of potential policy change has been
sharply reduced. While our earlier contention (Poole and Rosenthal 1984) that
polarization increased in the 1970s is supported by Figure S, the long-term,
more relevant pattern has been toward a national consensus. The cost of
consensus can perhaps best be seen in the alleged wasteful concessions to
special interests in such programs as agriculiure, space, anc cefense and in
the alleged failure of the nation to address a variety of ineguities that
befall various groups of citizens. The benefits are perhaps made apparent by
recalling the Civil War and the period of intense conflict surrounding the
labor movement in the late 19th and early 20th centuries, and by observing the
fragility of democracy in some other nations. We do not pass judgment but

+

simply point to a regularity in a systern that, as manifest by its ability to

¢

absorb the supposed “Reagan Revolution,' is likely

c s esen 35
indefinitely.
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Appendix

The Estimation Algorithm

The algorithm employed to estimate the model simply extends the procedure
developed in detail in Poole and Rosenthal (1985). The earlier model was
restricted to unidimensional, constant coordinates. Here we briefly sketch
the new procedure, D-NOMINATE, wich erphasis on modifications needed to handle
the more general model.

ts before, the procedure begins by using a starting value for S and a set

. 0 . .
of starting values for the senztor perameters X, (The other polynomizl
coefficients are initially set <to zero.) These are obteined by metric

similaricies scaling (Torgerson 1858; Poole 1990).

For the metric sceling, an zgreement score is formed <for each peir of

legislators with & cozzon period c¢I service. Tne score Is sicply cthe
percentzge of tipes they veted on the same sice. Scores vary Irom 0 to 100

znd thus are analogous to the interest group =ratings <that were subject <o

metric unfioléing sczling in Poole and Daniels (1983). The xmatrix of <hese

P4

scores Is converted into sguared discances Dy sudbirecting each score Zroz 100,

c¢ivicding by 50, &nd scuaring Tne rmetrix of  scuzred  distances is

double-centered (the row znd coluzn means zre subtrected, znd the matrix mean

b

s added, to ezch elementz) to procuce @z cross D»roduct rmetrix, tigenvectors
are extracted Zroz the cross procduct zztrix zné used to star:z the rwmetric

sceling procecdure., This procecdure profuces the starts Zcr D-NOMINATE,

D-NOMINATE proceecs Iroxz che staris by using an zlternating algorizhz (&

coxmon procedure in psychomectrics). In & £first stege, <the roll cell
coordinates zre esticated on the Zirst dizension, holding che legislzcer
coordinates &nd S constant. Since roll call cooxrdinztes are independent

ecross roll cells (for Zixed S and legislater coczdinetes), s=ach roll call car

s}

be estimeted separazzely. 1In & second stage, the legislator coordinztes azave



estimated on the first dimension, again holding everything else constant.
Because each legislator's choice depends only upon his own distances- to the
roll call outcomes, if B and the roll call alternatives are held fixed, each
legislator's choice is independent of those of all other legislators.
Independence allows us to estimate each legislator's coordinate separately.
These two stages are then repeated for each higher dimension. In & third
stage, we estimate the utility function parameter B, holding constant all x
and z values. Within each stage, we use the method of Berndt et al. (1974) <o
obtzin (conditional) maximum likelihood estimztes of the parameters, These

-NOMINATE. Global iterations are

lw)

three stages define a globel iteration of

repeated until both the x's and the z's correlzte zbove 0.99 with their wvelues
at the end of the previous global iteration.
Constraints .

In Poole and Rosenthal (1985) we explain In detal why, even when the

)

underlying model presented In Part I accurately represents behavior, estimated
end z values can =-un amok, teking on values with exceptionally large
mzgnitudes. The problem is basically an identification problem. Legislators

vho are highly liberal, Zor example, will tend to zlmes:t elways vote on the

liberzl side of an Issue. A4s there is thus no:z enough information o pin down
a precise location for these legislators, <their estimztes =are constrzained.
The problem should not be exaggerazted, however. Wwe still know, relizbly, that

the individuzl is zn exirerist in the direczion of the conszrzined estimzze,

) s haré to pin down the location of & "Huzrzh" wvote, one

pe
(BN
[E

-
-

b

rilarly,
where almost everyone votes on the same side of the issue. Wwe included such

lopsided votes because, noisy as they are, they provide some informzztion <that

ct

helps us to cdiZferentiate legislators at the extremes ol the space. Ve only

- - -
I

excluded roll czlls that Zziled zo have &t lezst 2.5 percent of the vote cast

—

for the minozity side. This cuzoif rule reflects experirentation (Poole and



Rosenthal 1985) with one dimensional estimation of <che 1979-80 Senate. A
better multidimensional, dynamic algorithm might result from exploring
alternative cutoff rules, but we elected mnot to allocate scarce computer
resources to such a study.

Identification problems zre accentuated by the obvious specification
error implicit in the assumption of a homoscedastic logit error. In facct,
some roll calls are highly nolsy. D-KOMINATE will <ry <to arrange their

utting lines so that all legislators are predicted to vote with the majoricy;
this will cause the cutting line (and at least one z) to drift outside <the
space spenned by the legislators and invoke & constraint. Conversely, some

voll cells are noiseless, representing periect spatiel voting. Alchough <the

cutting line is precisely identified, maximum likelihood will try to put both

To cezl with these Identificetion problexs, constraints are imposed.
Liter uvnconstreined x estimzzes have been obtzined on & dizension, the meximux

znd minipu= cooréinztes foxr ezch Cengress cere uvsed tTo delfine constreins

coorcincetes:

It
n

llipse by computing,

Tne x;kané the origin define an eliipse. Wwe then compute Zor k=1,...,s
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of Congresses served in by {i.

Thus, averages are being taken over all Congresses for which the

*

legislator was in the data set. 1f the point defined by the x 1s in the
interior of the legislator’'s ellipse, the legislator is unconstrained.
Otherwise, the parameters xzk and xjk on the dimension currently being
estimated are set to zero and xfk is constrained to keep the legislator inside
the ellipse. In other words, a legislator is not allowed to drift too f£far
from the origin relative to others who overlap his or her service' period.

Note that, unless 'I‘i is identical for all i, the entire configuration 1is not

constrzined to the same ellipse.

A similar constreint is imposed in the roll czll phase. For ‘each
Congress, we use the X, and the origin to define an ellipse. If cthe roll
call rmicpoint, defined by coordinates (zjvk + :jnk)/2, is inside the ellipse,

the roll czll is unconstrained. Otherwise, the coorcinate currently being
estimated is zdjusted to keep the midpoint within the ellipse.

[Table A-1 zbout he:e]

HYy
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In the actual estimation, constraints were invoked Zor 4.2 percent o
legislatoxs in the two cimensionel, lineaxr House estimation. A check cf <he
estimates in the postwar period shows that the constrained legislztors =zre

overwnelmingly known "extremists.” More constraints are needed for roll

calls, where 14,1 percent zre constreined. However, brezking down <the zoll
calls Dy margin and by time period in Table A-1 shows that the problem Is less

serious than incdiczted by this zggregate percenzage., TITirst, It is clear that,

lopsiced zoll cells. Constrzints are Znvoked in under 1 percent of the =zoll
cells that zre closer than 35-43. Almost 2ll ztcll calls of interest =to

scholars will be unconstrzined. In contrast, conmstraints zre neededéd on moTe



than half of the most lopsided votes. Second, controlling for margin, the
fraction constrained is less beginning with the 76th Congress than before.
The larger overall proportion of constrained roll calls in the modern period
simply reflects an increase in the relative number of lopsided "Hurrah" votes.
Standard Errors

The use of constraints implies that conventional procedures for computing
standard errors do not apply. Another problem with the standard errors
produced by the D-NOMINATE program is that they are based only upon a portion
of the covariance matrix. A standard error for a legislator coefficient in
the linear dynamic model comes, for example, solely from the inversion of the

2 by 2 outer product matrix computed when <the legislator’'s coordinates are
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estimated for a given dimension in the legislator phase o

algorithm. The approprizte procedure would be to cozpute, a2t convergence, the
estimated informatlion mazrix fcr &ll parameters znd invert. This computation
is ippracticel, even on supercozputers. with <the ¢ymeaxic mocdels covering

1789-1985, the metrices would be larger thean 100,000 by 100,000,
[Iable A-2 zbout he:e]
For the rezsons outlined zdbove, cthe stancarzcd erreors repcrtec In the text
le on the

must be viewed as heuristic descriptive s:tatistics. To get 2 hend

reliabilicy of the reported errors, we zpplied Ziron's (1979) bootstrzp method

to estizzte the stanferd ezrors cI the legisliator coozcdinmazes Icr & =mdiel
(iii) estimzzion of zhe %4ch Senmzte. That is, we took the 13211 azctuel <oll
cells and cdrew 50 sazples of 1311 wroll calls. Zach roll czll weas sexmpled wizh

replacement, so, in any particular szzple, some actual <roll

appeer wnile others will appear zore than once. we ran D-NOMINATE fer ezch of

the 50 samples and then cozputed the standazé deviaticn ¢ the 30 estimzates

for each senaztor. The results zppear in Tzdble A-2. The largest DooTstrap

t



standard error is 0.051, and 73 of 100 senators have bootstrap standard errors
under 0.03. Since the space has a range of 2 units, the senator locations are
precisely estimated, Ve did not apply the bootstrap method to
multidimensional or dynamic estimation as a matter of economizing computer
time. However, it is clear, at least in one dimension, that the dynamic model
estimates will be even more precise than those reported in Table 4-2. This is
because, typically, three or more Senates, rather than one, have been used to
estimate the location of a senator.
Consistency

In adcdition to the statistical problem posed by our impesition of
constraints, we have an additional problem that reflects the fact thet every
legislator and every roll cell has a specific set of parameters. Therefore,
we always have adéitional parameters to estimate as we add observations. This
generates what is known as an "incidental ©parameters" oproblem In <the
economectrics literzture, In fact, every paremeter we estimate, except for S,
is "incidentel." &s & result, <the standard proof o¢f <he consistency of
maximum likelihood coes not apply. We are not guaranteed that, even with
"infinitely" many observations, maximum likelihood estimates will converge to
the true values of the parameters. 4T a2 practical level, this cavezt iIs not
important. The key point is that data is being added at a fazr faster rate than

peremeters. Consicder the two cimensionzl 1linear mocel, Assuze our tize

0n
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calls, We would eventually acdd 60 parameter the senators (assuxing chey

0 estime

ot
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2ll zcquired trené terms) and 2000 parameters Zor the roll calls.

these 2060 new pzrzmeters, we would have 30,000 (100x300) new observations.

The ratio of observetions to perameters is 25 to 1. for the =xouse oI
Representatives, & similer tio would be over 100 to 1. We suspect that meny
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it is likely that D-NOMINATE also gives a consistent ordering.

Nonetheless, the D-NOMINATE model wuses individual choices directly
whereas the Poole (1990) method scales distances. In the D-NOMINATE mecdel,
utility 1is, wunlike in the Rasch model, a non-linear function of tle
parameters. Thus, while the theoretical work of Haberman 1977 and Poole and
Spear 1990 and the previous Monte Carlo results are suggestive, it is
appropriate to conduct direct Monte Carlo tests of our algorithm.

Monte Carlo Results

Summary of Previous Experiments. Previously, in Poole and Rosenthal (1587),
we reported on extensive Monte Carlo studies of the one dimensional NOMINATE
elgorithm. As "true" locations, we used the estimazted senator coordinates
from a scaling of 297 1979 roll cells. We used a wide variety of alternative
sets of "true" roll call coorcdinates and used zlternztive "true" values of 3
bectween 7.5 and 22.5. Over zll runs, the squared correlztions between the

recovered legislztor coordinates and the <true ones exceeced O0.%8. Toe

standard error of recovery ol iIndividuzl coordinates (the wvariabilicy across
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Monte Carlo runs) was on the order of 0.0
Recovered f's zre slightly higher then the true. Recovery czme cleoser to <the
true velue &s the nuzber oI observaticns was increesed. Thus, our one
dimensionzl estimates zre highly accurate under the mzintained hypothesis of

the mocel. Moreover, zs most c¢f the déiscussion In the paper Is essentially

bzsed on sumzaries of parazeter estimates (for example, Figure 6 uses averzge

legislators was far more tightly unimodal than any recovered from actuzl date.

Yore ipportantly, the geometric mean prodbebi
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enly 0.507, Zfar lower



than almost all values reported in Figure 5.

An Extensive Test of the Static Holel in One and Two Dimensions. The work we
have just summarized was done under the assumption that the data was generated
by a true one dimensional world with a constant signal-to-noise ratio, §£. Ve
subsequently undertook additional work that examines the performance of
D-NOMINATE with a true cwo dimensional world. In addition, we studied how
robust D-NOMINATE was to violation of the constant § assumption. All the work
was done using the static model on one "Senate” of a hypothetical single
"Congress”. We did not pursue simulations of the dynamic model because such
simulations are too costly in computer time.

To simulate a "Senate", we had 101 "senators" vote on 420 zroll «cells.
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Finding good recovery with only 420 zoll cells should boce well Zor ou
estimetions, since, in the past =wo centuries, legislators have aver;ged oS
votes in thelir ceareers. Tnus, to generate the "observecd" choices, In each
sizuvlation we drew 84,840 = 2 (choices) x 420 (roll czlls) x 101 (senators)
random numbers Irom the log of the inverse exponentizl distribution.

In each siculeted Senzte, ve crew the senztors’ coordinates uniforzly
from [-1,+1]. Thus, in one cdimsznsion the senetors were Cistributed on & line
o ilength two; in two dirensions, on & scuare of width wwo. Midpoints ol roll
calls Zollowed the same distribution.

In our sicmulation cesign, cne comsariscn was & toue one Cimensional werld

-

vs. a true two cipensional world. & seconé was cozpering & world with z Iiwed

£, set eguel to 15.75 to match typicel estimetes ZIroz eactuel data, and &
verigble £. Wnen the varizble 5 mocel was used, Zor ezch roll czll .ue crew
1/8 vniforzly Zroxm [.043,.123). The 5's were thus in the inmzerval [8.13,
23.26). 7Tne mediean of the discributien ¢ the rcanfox A's was 15.75 The
third cdesign fzcter was low vs. high error rates. The error rete I1s <the
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percentage of choices that are for the further alternative, that 1is, the
percentage of choices for which the stochastic error dominates the spatial
portion of the utility function. After the legislator positions, the fs, and
the midpoints have been assigned, the error rate can be controlled by scaling
the distance between the "Yea" and "Nay" outcomes. The smaller the average
distance, the greater the error rate. Scale factors were chosen to keep the
average rate in the Low condition close to 14%, about the 1level of
classification error attained by D-NOMINATE with the Congressional data. In
the High condition, the error rate was set to 30%, above that <for the worst
Congresses in our actual scalings.

Our design vielded 8-=2x2x2 conditions. In each condition, we =xran 25

simulations, for a totzl of 200. Ve emphasize that each simulztion had <the

following sources of randomization: (1) spatial locations of legislators and
roll calls; (2) utilitcy of each choice; (3) 8 for each roll call (in wvarizble
B condition only).
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Firstc, we computed the 5050 distences representin

&

101 legislators. Tor every one oI the 200 simulations, we did this both Zor

the "true" distances and the "recovered" distances. Since substantive work

[N

using the scaling will depend only on relative position in a space, distances
surmarize zll the Information in the sceling. TFocusing on cistances not only
eliminates arbitrery scale and rotationzl differences between true and
recovered spaces but zlso reduces zssessment to a single criterion, =rather
Than looking &t one cdimension at a <tirme. Second, we cross-tabulated the
"Yee-Ney" predictions from the sczling wicth the "Yez-Nezy" precdictions from the

&

"true" spetial representation. The percent of matches is a good measure oI

.

fit. Compzring simulete precdicted to "true" predicted is better <chan



comparing simulated predicted to "true" actual because the scaling is designed
to recover the systematic, spatial aspect of voting, not the errors. So we
want to know how well D-NOMINATE scaling noisy data would predict wvoting 1if
the noise were removed.

The simulation results are presented in Table A-3, An  immediate
observation is that the two dimensional world is not recovered as well as the
one dimensional world. This is to be expected. The number of "obse;vations"
is identical in every design condition, but the parameter space is doubled in
moving to two dimensions.

r 1
LTable £-3 about here.J

The first column of the zzble shows how well the recovered <distances

corzelate with the "true". It can be seen that D-NOMINATE Is very robust wich

N P~

respect to variability in noise across roll cells. Recovery of senztors is

totzlly insensitive to whether the "true” world has & Iixed 5 across zll roll
cells or one with considezeble variebilicy. On the other hnand, ZIit Cdoes

decline with dimensionality. Reising the error level forces only & moderate
ceterioretion In Zic.
To some cegree, the lack of nigher meastres of It in two dimensions

reZlects the conscreints in D-NOMIKATE. The ccnsctrazints Zorzce estimetes into

an ellipse when estimation is restricted to a single "Congress”, In one
cizension, this has no Impact, dut in owo cdizensicns the "true” coordinztes
come froxm z scuzre. Tne impact cf the constrzints can be seen In comparing
the last column of 7Tzble 4-3 to <the Zizst. Tne last column Teports
correlztions Dbetween <the recovered soluticns. In one <¢cimension, these

correlations are slightly less than the correlations o the recovered with the
true cistances. In two cimensions, the pattern reverses. 4&s the <distorting

constreints tend to get invoked Zor the same semztors in all recoveries, <he

.
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recovered points, particularly at low error levels, tend to be very similar.
The impact of the constraints is also seen in the second column. The
distances between senators are more precisely estimated, in two dimensions,
when the error level is high. With a high error level, legislators near the
periphery of the space have some "noise" in their voting patterns, and the
constraints are invoked less frequently. (The higher percentage of' precise
estimates in two dimensional "High" as compared to one <dimensional "High"
reflects the fact that the average distance 1s greater in the two dimensional

space than in the one dimensional space, so ratlios of

true distances to
standard errors tend to be greater.

Actuezl vote predictions are less sensitive to whether the constraints zare
invoked. The third column of the table shows results that appear to most
clezrly indicate the high quality of the recovery. At a low level of error,
the implications for predictions of actuzl choices from the spatial model =are
neaxrly identicel between the true space and the <recovered space. There Is
only a2 slight deterioration (94 percent vs. 96) when two dimensions must be
estimeted. The fit is still good, but 1less <than periect, at (very) high
levels of errox. 1In 2ll cases, <the stancdaré errors sare extremely smell,
deronstrating that our simulation results are insensitive To the set ol random

numbers drawn in any one of the 200 simulations.

Tests Using Real Date Eur With Random S:zar:iizg Coorcdinmares. Wwe have seen that
the D-NOMINATE zlgorithm reliably recovers z "true" spatial configuration. Ve
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zlso are guzranteed, were there no constrained paramet
an ascencing algorichm--the likelihoed is iIcproved at every step of the
elternating procedure. Nonetheless, the likelihood Zunction is not globzlly

convex. £Either the lack of global convexicty ox the constraints problem could

result in the recovery being potentizlly sensitive to <the starzing wvalues.



Perhaps even {(slightly) better recoveries would result if a different starting
procedure were used. D-NOMINATE can break down either 1f the eigenvectors
from the agreement matrix provide poor starts and Poole's procedure is
sensitive to starts or if D-NOMINATE is sensitcive to minor differences in the
output from Poole’s procedure. Thus, the results we report are a joint test
of the sensitivity of the two procedures.

The test we carried out was to scale the 85th House and the 100th Senate
(not included in our 99 Congress deztaset) replacing the agreement maztrix wich
random coordinates as input to Poole’'s procedure. The coordinztes were again

generated uniformly on [-1,+41]. Both the €3th House and 100th Senate were

estimated in one, two, and three cimensions, with 10 simulzations for each

cdimension.

Agzin we assessed f£it by avereging the (45) pairwise correlations between

the 10 sizulazions. We zlso cozmputed <the averzage

ot
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istznces generzted b

]

percentzge ol zgreemen:t In trecicied cholces cver the L5 compariscns of the 10

simulations. The results ezppear In Tad

(]

e £-4L. The recoveries are virzually

1

idenciczl. The fits co become iess stzble &s the cizmensionzlity is Increzsed

but this reflects only the general s:iztistical principle that adéing colinezr
parameters cen recduce the precision oI estizazion. (X.5. ine Toll czll
parameters are also estimeted in the simuleations.) Thus, the Zit deteriorates

more rapicly Zor the House, since thsre were ecnly 172 zoll czll ~otes there zs

Tnese results show that D-NOMINATIEZ cozbined with ZFoole's wmetric scaling
procedure perZorms well in the joint test we carried out. We stress that bdoth
3

axe essentizl to accurate recovery oI the spzace. Perticularly with =two or

more cimensions, D-NOMINAIE coes z better jodb of recovery than the output of



metric scaling. On the other hand, D-NOMINATE itself does very poorly 1f it
begins with random starts. While the metric scaling results are not as
accurate as D-NOMINATE, they are good enough to allow D-NOMINATE to converge
to a solution close to the true configuration.
The "Twist” Problem. The above experiment showed that with 1little ‘“missing"
data, our procedure is insensitive to the starcs. In actual practice, a
legislator votes on only a small slice of all roll calls in the history of a
house of Congress, so there is very substantial "missing" data. "Missing”
data is not a problem as long as there is, as in modern times, substantial
overlap in careers. But when the membership' of either House shifts wvery
zpidly, the results become sensitive to the starts. The problem 1s greatest
for the House in the nineteenth century. With large amounts of missing data,
Poole's procedure provided poor starts to D-NOMINATE.
Our approach to this problem was to watch animated videos of the scaling
results. Wnen rzpid movement incduced & "twist" iIn the position oI senators,
we investigzted multiplying seconé cimension starts Zor certain years (in <the

nineteenth century only) by -1 --thereby flipping polarity. The result was to

heve a very slight improvement in the overzll geometric mean probebilicy and
to substantizlly reduce the megnitudes of estimated trend cosificlients in the

period in question. In other words, when there is lictle overlap to tie <the
space tTogether, It Is difficulc to Icentiiy <the parameters oI speaticel

movement. The results repozted iIn the paper reflect the highest gmps we have
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been egble to achieve; they zlso have lower trend coefficient

with slightly lower gmps. (Our us explains why readers
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farilier with our work may see minor differences between =rcesults here and

those presented in conference papers. Experiments with different starts ere a

stenderd prececdure in the estimetion of non-lineer maximum likelihood models.)
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on the Cyber 205s of the John Von Neumann Center at Princeton University.
Other portions of the analysis were carried out at the Pittsburgh

Supercomputer Center.

! The fact that roll call voting can be accounted for by a simple model

does not imply that all strategic complexities in Congress fit into this
mold. Van Doren (1986) has stressed a number of ways that focusing solely on
roll calls induces "sample selection bilas" in arriving at substantive
conclusions. In particular, Krehbiel (1986) &and Smith and Flathman (1989)
have emphasized that a great deal of important business is handled by
unanimous consent agreements or veoice vole.

2 See Enelow and Hinich (1984) and Ordeshook (1986).

3 . . G . . ’
For a set of figures like those in rigure 2 covering 2ll Congressional

uarterly "key" Senate roll calls from 1945-85, see Poole and Rosenthal 198¢%b.

y Y

In addition, the Jackson amendment to the 1672 SALT I trezty is analyzed in

Poole and Rosenthal (1988) and the Taft-Hartley, 1964 Civil Rights Act finzl
B &5

passage, and.busing votes are analyzed in Poole znd Rosenthal (198%z).

4 AU . . .. .
The post WWII split is aptly illustratec by the 88th Senzte pane

1
Figure 7. The antebellum and postbellum cdivisicns are shown grephicelly in
Poole and Rosenthal 198%a. The postbellum Republican split continued into the
73rd Senate as shown in Figure 7. Western Republicans, such as Borah (ID) and
Nye (ND) and Frazzier (ND) tend tc dbe at the itcp cf the Tigure aleong with the
two Progressives, Lafollette (WI) and Norbeck (8D).

5 . . 5 .
If we were to allow every legislator to have trenc parameters, 23,145

additional parameters would be reguired for the two dimensional model. A
smaller number is used in practice, since no trend term is estimated for

legislators serving in only one or two Congresses.



6One might be tempted to generalize our model to allow 1individuals to have
salience weights for each dimension. However, the weights and the Euclidean
coordinates cannot be identified simultaneously. That is, a large weight and
a small coordinate would be equivalent to a small weight and a large
coordinate.

7 We did not make wutility linear in distance in order to preserve

differentiability. We did not use quadratic utility because the roll call
locations are not identified (although senator locations and cutting lines
are). While identification that occurs via choice of functional form can be
tenuous, when data is generated, in a Monte Carlo experiment, by simulated
behavior that corresponds to our posited model, we are able to recover the
outcome coordinates. In practice, though, roll calls are likely to vary
substantially as to level of error (B). This variation in error level and
the fact that, empirically, most distances are in the concave region of our
estimated utility function, make for very noisy estimation of the outcome
coordinates. When the Monte Carlo work generates the data with variable B
and D-NOMINATE 1i1s used assuming a common B, we still obtain accurate
estimates of legislator coordinates and cutting lines. Moreover, estimation
of legislator coordinates and of cutting lines may be very robust to the
functional form used in the utility function. Lacdha (1987) used & one
dimensional gquadratic utility specification and obtained legislator
coordinates and cutting lines very similar to our one dimensional estimates
for recent Senates. Ladha also shows that using a "probit" rather than a
"logit" model for the errors makes little difference to the results. To sum
up, we believe we have a very robust procedure for recovery oi legislature
coordinates and midpoints. More details are available in the Appencdix.

8 . . L.
Scuthern Democrats are those from the eleven states of the Confederacy,

Kentucky, and Oklahoma.

N-2



s We performed significance tests on our estimated roll call coordinates.

We tested both the null hypothesis that all roll call coordinates were zero

and the null hypothesis that the vote "split the parties.” To carry out the
tests, we began by estimating the legislator coordinates and B using sets of
recll calls that did not include the vote in question. This procedure
eliminates all the statistical problems discussed in the Appendix. The

Panama Canal Treaty vote was the 755th in our estimatlion for the 95th Senate.
For the test, we used the first 754 roll calls in that Senate to estimate the
legislators and B. The NSF vote was the 70th in the 97th Senate. We used the
last 896 votes in that Senate. (To avoid using two hours of supercomputer

time per significance test, we did not rerun the full dynamic estimation

¢t

RDm- ™. -~k S —-d o b w8 =9 o S
2530 PP €5limaceda 1€gis.acure

n

excluding only the reoll <c211 in gZue
configurations from these subsets of roll calls are virtually identical to
those obtained from the dynamic estimation.) Treating B anc the x’s estimated
in this first step as fixed parameters, we then used the roll call of interest
to estimate the two-dimensional roll call coordinates.

The null hypothesis that zll coordinates are zero implies that the "Yea"

fair coins on the vote. In other worcds, the hypothesis that all coordinates

are zero is equivazlent to the more generzl hypothesis that 2J1= zJ ) and
yi n

=z Under_ _the =anll =wpothesis the log-likelihood 1is simply

Ziye Jn2"

L(HO)=NJln(1/2). where NJ is the actual number voting or paired on roll call
- The log-likelihood of the alternztive, denoted, L(HBL is computed by
D-NOMINATE. For the Panama Canal Treaty, we find L(HO) = -69,31, L(Ha) =
-14.06. Using the standard likelihood-ratio test, we obtain x2=110.32 with 4
d.f. (since there are 4 roll czll parameters in two dimensions) and p <
107%%, similarly, for the NST vote, we have x°=110.24.

To test the null hypothesis that the vote split the parties, we firs

created 2 pseudo-roll call in which zll Democrats wvoied "VYez" and al
Republicans and Harry 23yrd voied "Nay". wWe +then estimatecd the ocutcome
coorcinziles that maximized the log-likelihood for this roll call. The null

hypothesis was that the coorcdinaztes for the Parnama Canal (NSF) vote were
those of the party-line pseudo-roll call. The chi-scuare statistic

calculated from the log-likelihoods was 122.48 (170.74), =again ex:iremely

significant for 4 d.f1..



A2 We can show, however, that estimates of the legislator locations will not

be biased by strategic voting over binary amendment agendas (Ordeshook 1986,
286-284) in a complete information setting.

1 To save space, we do not present a full set of results for both houses

of Congress. Except where noted, results are similar for the two houses.

2 See the Appendix for discussion of why distances rather than coordinates

are analyzed when the analysis is not limited to unidimensional spaces.

= It is difficult to pin these lower correlations on a specific item. In
the 95th Congress, foreign and defense policy votes included 14 on CIA,
Spying, or Intelligence, 11 on South Africa or Rhodesia, 8 on Military
Pensions or Veterans Benefits, 7 on the Panama Canzl, 7 cn the B-1 Boxmber, S
on Arms Control, and S on the United Nations.

14 Fits were not as good for the 49 votes in the Agriculture category, with

75 percent correct classifications in one dimension and 80 in two. Because
of the small number of votes, Agriculture had to be placed in the Residual
category.

15 . : .y : . o -
Macdonald and Rzbinowiiz support their hypothesis on the basis of an

analysis that combines our model (iii) results with time series of state
returns in Congressional and Presidential elections.

16 Because of the vast amount of data involved, significance tests for

statements made concerning Figure 5 would be of little value. For example,
the lowest gmp for our biennial scalings is 0.564 for the 17th Congress.
Assume the null hypothesis were all z’s equal to O, that is all probazbilities

0.5. Performing a likelihood-ratio test for that scaling using the

approximation that V/sz -V/Zd.f. -1 is normal for large d.f. vyields a
Z-statistic of 63.78. Even if the gmp was only 0.51, the Z-statistic would
still be a hefty 9.85. 0f course, for the 17th Congress, the one dimensionzl
constant model is not very much better than 0.5 (gmp C.504). To carry out the
appropriate likelihood-ratio test one would have to constrain the z’s for the
17th Congress only to be zero and reestimate the full dynamic model. This
would be a waste of compuier resources. tfter all, the difference between
0.504 and 0.500 is of no substantive importance. In general, given our very
large number of observations, we focus on substance rather than statisticsal

significance.



17 Indeed, the close fit between the blennial scalings In Figure S5 and the

dynamic scaling shows that our results are not strongly influenced by the time
period chosen. For example, if we had scaled only the twentieth century, the

results for that period would be almost identical to those obtained by scaling

all 99 Congresses together.

A If p 1is the proportion of roll calls in category a, the index H ls
given by ; = Epj. H equals 1.0 if all the votes are in one category. For
the Clausen categories, H would reach a minimum of 1/6 1if the roll calls
split evenly among the six categories.

48 For descriptive purposes, note that every R repcrted in this paragraph

above 0.2 in magnitude is "significant™ at 0.002 or better while those below
0.2 are not significant, even at 0.1.

20 . . C L. .
The substantive results are not sensitive to the values used in the

filter. In particular, the 10 roll call requirement is sufficiently low that
the analysis is not affected by the lower number of total roll calls in
earlier vears.

21 . - N . .
See Poole and Daniels (1985) for similar conclusions bzsed on interest

group scalings.

22 . : . A . .
More generally, issues that involve recdistribution that is

re likely not to be czptured by a "spatizl"

M

geographically concentrated
model.

23 . e . .
There are no members common to the ist and 99th Congress ana many otlher

pairs.

24 . . . =
More precisely, one can hypothesize that two factors will affect the

correlation. One is thet bad fits lower the correlaiion. 7o capture fit, we
created a varisble that was the zverzge of the two gmps for the Congresses in
the correlation. The oiher is that the correlziion increases in time, as the
politicel system stabilizes, but at z decreazsing rate. Inis we measured as
the logarithm of the Congress number. Corresponding to the columns of Table
5, the 8 multiple regressions of zthe correlations on these variables all
showed coefficienis with the expected signs. T-statistiics had p-levels bslow
0.005 except for the coefficient on the it wvariable in the iwo t+4
regressions. The R” values were 0.33, 0.29, 0.20, and 0.24 for *he House and

0.25, 0.22, 0.24, 2nd 0.27 Zcr- the Senztie.



&3 To obtain some idea of the confidence intervals that would bound the

curves in the figure, we used the standard errors of the x:k produced by
D-NOMINATE and standard first order Taylor series methods to estimate
standard errors for the numbers plotted. As explained in the Appendix, these
errors differ from those produced in a standard MLE setup because the
standard errors for the x's are calculated without the full covariance matrix
and because D-NOMINATE uses heuristic constraints. For this reason, we rely
on non-parametric tests in the ensuing two footnotes. Nonetheless, our Monte
Carlo work suggests that the standard errors are reasonably accurate. In the
House, the estimated standard errors are always below 0.0005 beginning in the
S5th House and below 0.0001 beginning in the 64th. In the (smaller) Senate,
0. 0005 begins with the 15th Senate and 0.0001 with the 84th. In contrast,
the average distance per year is always greater than 0.01. Thus, the numbers
reported in Figure 6 would be precisely estimated even if the standard errors
on the x's were downwardly biased by a factor of 10!

2e We tested the proposition that moblility has decreased by carrying out a

non-parametric runs test (Mendenhall et al. 1986) that compared the distances
in Figure 6 for the 50 Congresses in the nineteenth century with the 43
Congresses in the 20th century. The null hypothesis was no difference and the
alternative was less movement in the 20th century. The null hypothesis was
rejected both for the Senate (Z=4.873, p=5x10-7) and for the HKHouse (Z=5.293,
p=6x10_8). (In this and later runs tests, we wuse the large sample
approximation.)

27 Runs tesis results comparing the first 22 Congresses in the twentieth

century with the 21 Congresses starting in 1945 reject the null hypothesis of
no difference under the alternative hypothesis of less movement since 1945.
For the Senate, we have Z=4.475, p=3x10-6; for the House, Z=5.093, p=2x10-7.

28 Lott (1987) shows, using a variety of interest group ratings, that how

members of Congress vote is unrelated to wheiher or not they face reelection
or are planning to retire. In addition, Poole and Daniels (1983) show that
members of the House who later are elected to the Senzte zlso tend not o

change how they vote.



Ze Cox and McCubbins (1989) note that Southern Democrats who deviated too

far from the northern wing in the 1970's were punished In the House by having
their seniority viclated. Thus, the movement of Southern Democrats may also
reflect the internal dynamics of the majority party as well as constituency
changes.

30 To  provide statistical backup for the statements concerning

differentiation of Northern and Southern Democrats, we carried out a runs
test. To carry out the test, we calculated the interpoint distance between
each pair of Democratic senators. Palirs were then tagged as to whether they
were the same (North-N or South-S) or opposite N-S. They were ‘then
rank-ordered by distance, and the runs statistic was calculated. The null
nypothesis was that tnhere was no ciiference between same and oppcsite. Tne
alternative was that opposite distances were greater than same. The results
are: 2 = -0.52, p = 0.302, 73rd Senate; Z2 = -0.99, p = 0.161, 78th; Z= -17.65,
p < 8x10-1o, 88th; 2= -2.93, p = 0.002, 99th. These results show that there
was a very slight, insignificant increase in differentiation from the 73rd to
th

decrease between the 88th and ¢29th. Alinhough the runs for the ©99th Senate zre

(V]

78th Senate, a sharp increase Irom the 78th to the 88th and a2 substantial

"significantly" less than expected by chance, it Is zlso irue that we reject
1 1 3 = = = - [2 = = 3 +3 -
the null hypothesis D = (399 388) (““9 3 H(RSS)) 0 using the one-tailed
alternative hypothesis D < 0 with p < Sxi0 °7, where R, 1s the number of runs
for Senate t.

I On this point, see Bullock (1981).

< Statistical support for this statement is furnished by 2

McKelvey-Zavoina (1975) ordinal probit analysis where the dependent variable
is coded 1=Announced before Oct. 7, 2=Announced on Oct. 7, 3=Announced after
Oct. 7, the regressors were a constant and the absolute value of the distance

of the senztor from the midpoint of Spect

)

e
the 72 non-committee members serving in 1985.
senater chose an announcement dzie according
(60/72, 7/72, 5/72) was rejected with p=5x10 . As 1is standard procedure,
the variance of the probit was set to unity and the "cutpoint
first two categories set to O. The null hypothesis of a zero slope on
distance wazs rejected with p=0.0019 and of a zero "cuipoini" betiween the

second and third categories wiih p=0.010. The New VYerk Times and Washinsgicn

Post were used as sources for :the announcemen: cda:ies.



= As with previous figures, the numbers displayed in Figure 9 are very

precisely estimated. For example, using the varlance-covariance matrices of
the estimated x coefficients for each legislator and Taylor series methods, we
computed standard errors for the within party average distances shown in the
figure. (Previous caveats apply.) The Z-statistic is the ratio of the
estimate to the estimated standard error; the minimum (over 64 Congresses) Z
was 6.06 for House Democrats and 5.23 for House Republicans. Because of the
precision of the estimates, small differences in the graph will often be
"statistically significant". For example, we can directly compute a Z for the
difference between the two within party distances. When the Democrats are
more heterogeneous, the Z is greater than 2.0 in magnitude in Congresses 36,
40, 48, 52, 53, 64, 66, and 76-99. Although the Republicans are estimated to
be more heterogeneous than Democrats for some Congresses, the Z never exceeds
2.0 in these cases. The greater heterogeneity of the Democrats in Congresses
76-99 (see also Figure 7) reflects the important civil rights conflict.
Statistical significance is aided by the fact that our x’'s are more precise
for these years as a result of longer periods of service and more stable
individual voting patterns (Figure 6). While statistically significant and
often substantively important, the changes in heterogeneity are dwarfed in
importance by the changes in the distance between the parties.

S See Poole and Rosenthal 198%b.

35 .. . . ..
For a similar substantive conclusion, see Fiorina 1989, 141.
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Table 1. Classification Percentages and Geometric Mean Probabilities

House Senate
Number of Number of
Dimensions Dimensions
Degree of
Polynomial 1 2 3 1 2 3

(a) Classification Percentage: All Scaled Votes

Constant 82.7% 84.4 84.9 80.0 83.6 84.1
Linear 83.0 85.2 ----° 81.3 84.5 85.5
Quadratic 83.1 85.3 ---- 81.5 84.8 85.1
Cubic 83.2 85.4 ---- 81.6 85.0 86.1

(b) Classification Percentages: Votes With at Least 40% Minority

Constant 80.5° 82.9 83.7 78.9 82.7 83.4
Linear €0.9 83.8 ---- 79.4 83.6 84.8
Quadratic 81.0 83.9 ---- 79.7 83.8 85.1
Cubic €1.1 84.1 ---- 79.8 84.0 85.3

(c) Geometric Mean Probability: All Scaled Votes

Constant .678 .696 .707 .660 .692 .700
Linear .682 .709 ---- .666 .704 .716
Quadratic .684 712 ---- .668 .708 .721
Cubic .684 .714 ---- .670 .7C8 .725

® The percent of correct classifications on all roll calls that were included

in the scalings; 1i.e. those with at least 2.5 percent or better cn the

»

minority side.

b

The percent of correct classifications on 2ll roll calls with at least 40

]

percent or betfer on the minority side.
Higher polynomial models for 3 dimensions were not estimated because of

computer time considerations.



Table 2. Percent Correct Classifications,
One Dimensional Fit to S-Dimensional Space

“True"
House Senate Dimensionality
100.0 100.0 1®
78.9 78.9 2°
74.8 74.7 3
73.2 73.0 4
71.2 71.0 S
70.9 70.8 6
69.9 69.8 7
69.9 £69.7 8
69.2 69.1 9

635.

\0

65. Majority Model

\0

Note. Legislators uniformly distributed on s-dimensonal sphere. Roll call

lines distributed to reproduce marginals found in Congressionzl data.

a . .
Calculation based on closed form expression.



Table 3. Interpoint Distance Correlations,
Clausen Category Scalings, 95th House

Category (1) (2) (3) (4)
(1) Government Management 1.0 .914° . 796 . 908
(2) Social Welfare .883° 1.0 . 765 . 881
(3) Foreign and Defense Policy .770 .654 1.0 .724
(4) Miscellaneous Policy, Civil .832 . 746 .613 1.0

iberties, & Agriculture

-} 0 . . . .
Numbers above diagonal are correlations from one dimensional scalings.

b . X - . . :
Numbers below diagonal are correlations from two dimensional scalings.



Table 4. Clausen Categories with 2nd Dimension PRE Increases at Least 0.1

PRE > 0.5 PREx100 PRE > 0.5 PREx100
House Categ. # Votes|1-D 2-D House Categ. % Votes|1-D 2-D
1 Mgt 92 41 56 o1 Welfr 65 53 64
Civil 11 26 65 F&D 63 44 S5

2 Misc 26 41 58 Misc 26 40 52

9 F&D 54 39 58 94 Misc 48 44 55

Misc 12 35 52
10 F&D 150 45 56

18 Mgt 68 43 54
23 Mgt 180 45 59 PRE < 0.5. PREx100
24 Mgt 190 42 54 House Categ. % Votesil-D 2]
Civil 65 37 54 9 Mgt 73 16 35
25 Civil 46 46 64 Civil 15 28 40
26 Civil 33 46 63 10 Civil 13 25 42
28 Civil 23 40 64 11 Civil 16 30 41
31 Civil 17 44 55 12 Misc 34 33 456
33 Mgt 440 42 55 15 Mgt 49 17 29
53 Mgt 140 46 61 15 F&D 25 11 26
64  Welfr 21 20 50 17 Mgt 49 11 24
76 Welfr 22 32 52 19 Civil b 1S 30
Civil 11 28 56 22 F&D 30 24 45
77 Civil 14 21 61 24 Welfr 11 07 45
F&D 40 41 53 30 Civil 30 56 L7
78 Civil 12 32 61 32 Mgt 290 22 35
F&D 31 45 56 Civil 17 26 40
79  Welfr 18 40 59 33 Agr 10 24 38
Misc 20 31 65 40 Welflr 17 25 33
81 Wellr 45 59 70 41 Mgt 370 36 47
Civil 15 S4 54 42 Mgt 280 38 £9
Misc 28 26 75 £3 Mgt 220 26 37
82  Welir 19 52 67 51 Agr 13 34 24
Agr 14 45 59 53 Agr 12 20 47
F&D 34 50 61 62  Welfr 16 03 27
Misc 10 S8 78 63 Welfr 25 30 46
83  Welfr i8 29 63 65 kgr 20 27 43
F&D 18 33 52 65 Welfr 27 09 38
84 Welir 10 45 65 67  Welfr 14 18 37
Agr i2 60 70 £¢ AgT 11 22 34
85 Mgt i10 41 53 75 VWelfr 15 20 45
Agr 12 34 SK 77 AgT 16 24 38
F&D 29 24 53 0 welir 19 37 47
86 Agr 14 40 57 84 F&D 16 30 49
Civil 10 21 71 86 r&d 24 12 48
87  Wellr 32 57 57 g9 Agr 17 37 48
Agr 20 £7 58 S0 Agr 29 27 38
F&D 36 36 57 91 Agr 12 i7 39
88 Welfr 3% 59 69 G2 Agr 24 31 S0
Agr 14 53 64 23 AgT 49 22 £5
Civil 11 335 65 94 Agr 40 22 35
89 Civil 23 Lo 70 ©5 AET LS 21 37
Misc 24 58 68 57 Agr 23 25 41
20 Civil 30 37 60




Table 5.
Correlations of Legislator Coordinates from Static, Biennial Scalings

House Senate
Averages Number of
For Years Congresses
t+1 t+2 t+3 t+4 t+1 t+2 1+3 1+4
1789-1860 .78 .77 .74 .63 .85 .81 .75 .68 36
1861-1900 .90 .87 .86 .86 .93 .91 .89 .91 20
1901-1944 .89 .85 .83 .81 .90 .88 .87 .86 22
1945-1978 .95 .93 .91 .89 .92 .91 .89 . 87 17
1789-1978 .86 .84 .82 77 .89 .86 .83 .80 95
Individual®
Congress
1 .45 .43 .62 .18 69 .85 .75 .85
2 L &7 .46 .05 -.65 86 .806 .€2 .44
3 . L9 .73 .50 .13
4 .79 .76 .95 1.0
6 .87 .89 .73 .46
8 .68 .79 .84 .77
11 .79 .75 .93 .98
12 .82 .78 .62 .49
13 .88 . &3 .31 .17
14 .83 .63 .19 -.24 .44 .32 -.1 .30
15 .35 .31 .22 .56 .76 .55 .39 .37
16 .59 .32 .56 .42 .72 .56 .63 .72
17 .41 .50 .63 .48 .67 .71 .74 .85
18 .52 .75 .66 .68 .58 .66 .77 .66
19 .78 .89 .82 .54
20 .91 .83 .59 .44
22 .75 .64 .77 .82
29 .89 .68 .96 . L7
30 .70 .85 .51 .50
31 .33 .88 .87 .78
32 .23 .24 .25 .22
35 .86 - 95 .94 .23
35 .89 .90 .65 .47
37 97 G3 .37 .80
39 .69 .72 .76 o7
L4 77 - 95 .83 g4
61 73 . 8¢ .85 .81
69 .77 .79 .81 .76
77 .78 .68 .81 .81

The notation t+k refers

legislators serving in Congress t,

coordinates in Congress t+k. .

serving in both Congresses.

given in the left-hand column,

to the correlation of

legislator coordinates for

with

their

Correlation computed only for these legisiators

Results shown only for those cases where either the t+1 correlation was

less than 0.8 for where any t+k correlation, k = 2,3, 4, was less than 0.5.



Table 6. PRE Analysis for Slavery and Civil Rights Roll Calls
Issue Total Issue Percent Correct PRE
and Roll Roll Classification Over Marginals
House Years Calls Calls One Dim. Two Dim. One Dim. Two Dim.
SLAVERY
9 1805-1806 158 13 65 73 -.01 .22
15 1817-1818 106 13 92 92 .84 .84
16 1819-1820 147 16 88 87 .65 .63
20 1827-1828 233 9 82 81 .52 .50
23 1833-1834 327 5 76 79 .36 .44
24 1835-1836 459 70 81 86 . 39 .54
25 1837-1838 475 39 g4 91 .50 .73
26 1839-1840 751 27 80 88 . L9 .68
27 1841-1842 S74 84 84 S0 .62 .76
28 1843-1844 S97 L4 80 88 L L3 .65
25 1845-184%6 622 3 T3 55 .33 .7z
30 1847-1848 478 29 71 78 .32 .48
31 1849-1850 572 26 75 82 .36 .54
32 1851-1852 £S5 14 70 75 .28 L2
33 1853-1854 607 159 92 94 .79 .83
34 1855-1856 729 115 o5 Qs .88 .89
35 1857-1858 548 65 S2 92 .79 .79
36 185¢-1860 433 24 g8 S0 .69 .73
37 1861-1862 638 92 Q2 e3 .79 .81
38 1863-1864 600 13 25 96 .87 .89
CIVIL RIGHTS
37 1851-1862 638 43 8% 0] .85 .67
38 1863-1864 600 30 S5 c7 .90 .81
39 1865-1866 613 32 S0 ¢l . 66 .67
40 1867-1868 717 7 @5 @5 .83 .82
42 1871-1872 S17 23 Q4 94 .82 . 8¢
43 1873-1874 £75 87 c7 S7 .91 .91
48 1883-1884 334 9 S0 g1 .78 .79
49 1885-1886 306 5 78 g0 .25 .33
S6 1895-1900 149 9 97 S7 .94 .94
67 1921-1922 362 14 S7 S7 .90 .91
77 1941-1942 152 8 g0 e5 -.01 .73
78 19£3-1%24 156 7 78 G2 .28 .75
79 1945-1945% 231 (S 65 &7 .00 .57
81 1949-1950 275 S 57 g9 .04 .69
g5 1957-1958 13 6 70 o2 .01 .73
86 195¢-1%60 180 8 72 g2 .08 .74
87 1881-1852 240 3 80 c2 .01 .5¢
88 1963-1%654 232 7 77 G4 .33 .82
89 18£5-1966 3%4 22 g3 o1 .53 .75
S0 1967-1968 £78 8 78 1 .35 .73
@1 166%-1¢70 £i3 8 83 Sa .50 .73
G2 1571-1972 6£8 22 80 84 .45 .55
93 1973-1974 1078 17 g0 g3 48 .56
85 1977-1978 1540 6 81 &1 56 .58
S6 187¢-1S80 1276 17 g5 86 58 .61
S7 1681-1682 812 G 85 838 50 .5¢
Note. “One Dim." =and "Two Dim.” refer to the one dimensionzl and iwo

dimensional dynamic scalings with linear irends in legi



Table A-1. Constrained Roll Calls by Margin

Congresses 1-75 Congresses 76-99

Percent Total Percent Total

Margin Constrained Roll Calls Constrained Roll Calls
50-55 1.0 5933 0.5 1756
55-60 4.2 5012 2.6 1571
60-65 8.0 3510 4.4 1241
65-70 11.6 2788 8.0 1022
70-75 18.0 1949 13.3 791
75-80 25.5 1308 15.2 677
80-85 38.7 874 20.3 661
85-90 57.7 655 28.2 611
90-95 69.9 625 53.5 905
95-97.5 76.4 399 64.7 665
TOTAL 13.0 23053 16.3 9900

Table A-2. Distribution of Bootstrap Standard Errors for Senators,
94th Senate

Range of Number of
Bootstrap Standard Error Senators
0.00-0.01 0
0.01-0.02 11
0.02-0.03 62
0.03-0.04 21
0.04-0.05 5
0.051 1
TOTAL 100

Note. One dimensional scaling.



Table A-3. Monte Carlo Results for Simulated Data

Error Pearson R Percent Proportion Stability
Level B With True Precisely Correct of
Config. Estimated Prediction Solution

ONE DIMENSIONAL EXPERIMENTS

Fixed . 9952 90. 8%° .962° . 9924
£ (.001)°¢ (.003) (.004)
Low
(12%4)  yariable .95 91.0 .963 L7
(.001) (.003) (.006)
Fixed . 570 75.8 .910 . 947
High (.001) (.011) (.013)
(304)  yarizvle .o76 77.0 _o18 . 958
(.003) (.004) (.009)
TWO DIMENSIONAL EXPERIMENTS
Fixed .85z 71.7 .42 . 955
(.022) (.009) (.02¢)
Low
(14%) Varizble .89 59. 6 . 945 L GED
(.021) (.003) (.022)
Fixed . 847 77.8 .885 .851
. (.026) (.017) (.031)
rilgnh
(30%) Variable .841 81.5 . 880 . 841
(.019) (.005) (.017)

a q N e . . .
A Pearson correlation was computed between the 35050 unique pairwise

distances generated by the estimated coordinates for the 101 legislators
and the true pzirwise distances. One correlztion was computed for each of

the 25 simulations used in each design condition. The number reported in the

table is the average of these 25 correlztions.



b Each true unique pairwise distance between legislators (n=5050) was treated
as a mean and a standard error was computed around this mean using the 25
estimated distances. The entries show the percentage of true distances that
are twice this standard error. In other words, thepercentage that have a
"pseudo-t" statistic greater than 2.0.

¢ Each predicted choice was compared to the true cheoice that would have been
made had there been no stochastic term in the wutility function. A
percentage correct was computed for each of the 25 trials. This number is
the mean of these 25 percentages.

¢ This number measures the stability of the estimated legislator
coordinates. Pearson correlations were computed between each unigue pair of
the 25 estimated configurations and this number is the average of those
Pearson correlations. The n is 300.

°Standard deviations are shown in parentheses.

¥ This number measures the noise level in the 25 trials. Holding the
legislator configuration, the roll call midpoint, and the 8 for the roll czall
constant, the percentage of times legislators who do not vote for the closest
alternative varies inversely with the distance betiween the alternatives. The

error level is this percentage. Distances between alternatives were scaled

to achieve the Low and High levels.



Table A-4. Recovery From Random Starts

Average Correlation of Proportion Agreement
Dimensions Pairwise Distances From of Predicted Choices
Recovered Configurations Recovered Configurations
85th HOUSE®
1 . 997 .992
(.002) (.003)
2 . 983 . 965
(.009) (.008)
g . 8856 .9C2
(.041) (.015)
100th SENATE®
1 998 S
(.002) (.002)
2 884 o356
(.00%) (.009)
3 Q37 918
(.017) (.007)

Note. Numbers in teble based on 45 pairwise comparisons between 10
replications. Standard deviations shown in parentheses.
a . - N ) . 3 .

£4£1 representatives, 172 roll cells. Number of legislators exceeds size of

house because of ceaihs or resignations.

b -
101 senators, 335 roll calls.
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FIGURE 3

CLASSIFICATION GAIN BY DIMENSIONALIT
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