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     An algorithm -- the NOMINATE algorithm devised by Keith Poole (UC-San Diego) and Howard Rosenthal (Princeton) – has changed what American politics looks like to political scientists, journalists, and even, perhaps, justices of the Supreme Court.   NOMINATE (for Nominal Three-Step Estimation) ideologically scales legislators within each Congress.  It also does the same for all members of Congress over two periods – before and after the Civil War.   Although NOMINATE has therefore been much remarked, we hardly think that we are being patronizing, only candid, if we surmise that NOMINATE’s mathematical difficulty obstructs wider appreciation.  We seek to hurdle that barrier.   Our strategy for doing so is both substantive and pedagogical.   We sketch how NOMINATE simultaneously makes the study of American politics more historical and more spatial-analytical.  Also, we offer fuller non-technical instruction than has previously been available for the uninitiated.
  
     Even if one does not use NOMINATE, one is likely to have heard of it.  For many observers of American politics, NOMINATE spotlights our contemporary partisan divide.  Its stark portrayal of party division indeed prompted two prominent political scientists to file a friend-of-the-court brief in the Supreme Court’s recent redistricting case, Vieth v. Jubilerer.  They urged the Court to take notice of such persistent schism as it deliberated whether districting is justiciable.   Although they explicitly disavowed any position on the merits, the two scholars may well have privately envisioned some role for the Court in breaking the hardening split.   In addition, the New York Times regularly publishes op-eds and news stories that use the NOMINATE scores.  In most of these stories the focus is on the ideological rift in Washington and its consequences for governance. 

     There are, yes, intricate technical issues involved in whether to use NOMINATE at all.  Various alternatives have already been – and will undoubtedly be – developed.   The bottom line appears to be, however, that the NOMINATE scores correlate closely with most other measures which rest on different mathematical foundations.  Therefore their use among political scientists will not be written off as an unproductive sunk cost.
 
     Given the expansion of NOMINATE’s use, and the prospect of its further dissemination,  we foresee a perhaps surprising consequence:  an even stronger historical turn in the study of American politics.   NOMINATE’s diffusion has already had an historicizing impact.  That will intensify, we believe, due not only to the longitudinal nature of the scores and their likely survival from technical challenge but also because using NOMINATE demands that researchers know a lot of history. 
     By the same token, NOMINATE must also have an analytical impact on APD (for American political development.)   APD scholars know their history.  But they cannot hope to use the scores as well as they could for focusing on Congress, policy, and party evolution (among other uses) without grasping the formal-analytical model which gives the scores much of their political meaning.
      In short, using NOMINATE will force some political scientists who do not currently “do APD” to do just that.  For their part, APD scholars, who are largely qualitative and case study-oriented, will have to become more formal and quantitative.  

     Besides seeking to adumbrate these two “edges” of NOMINATE’s promise, this article also has, to repeat, an expressly instructional purpose.  Through showing how Poole and Rosenthal might be considered “developmentalists” in their own right we think that we can also make the mathematics of their results accessible.  Rather than taking the scores on faith, one can, after reading this article, have a fairly robust sense of what goes into them.  In turn, that will permit wider use not only of NOMINATE, but two useful spin-offs, VoteView and Animate.   Treating these associated PC desktop tools is beyond our scope, but they are relatively easy to use once one understands NOMINATE.
     Below, using recent newspaper stories, we first very informally treat the spatial model of roll-call votes  -- which is a cornerstone of NOMINATE.   For many readers, much of that particular exposition will be all too elementary, but we are confident that for many other readers the instruction will be welcome.  As we sketch the spatial model, we reference developmental implications.   The mathematical foundations of NOMINATE, broadly speaking, are treated third, with a minimum of mathematical difficulty.   We then outline a few research prospects to give a sense of what can be done with the scores.   A brief appendix describes where and how to find  NOMINATE scores.
The Spatial Model and Its Substantive Developmental Importance
     Our starting point, to repeat, is the spatial model as it applies to legislative roll-calls.  To develop an account of this model, consider a little-noticed use of NOMINATE scores, namely, a Summer, 2004 op-ed in the New York Times – reproduced as Figure 1.  In it, two Brookings Institution political scientists, Sarah Binder and Thomas Mann, discussed the graphic accompanying their piece that showed where today’s major politicians can be located on a left-right continuum. 

     As one can see, it featured a straight line diagram with labelled arrows for Ted Kennedy, John Kerry, John Edwards, Joe Lieberman, John McCain, George W. Bush, and Dick Cheney.    Each arrow tilted downward to indicate points on a horizontal line running from “liberal” to “conservative.”  A perpendicular labelled “Moderate” bisected the line.  The phrase “Senate median” was located at both the left and the right of this line.  John Kerry was shown as being liberal as President George W. Bush while John Edwards was shown as far more moderate than the ideologically extreme Vice President Dick Cheney.
 
     The basic concept that self-evidently informed the plot – namely, that politics organizes itself on a one-dimensional, left-right ideological space -- is, by convention, dubbed issue space.   Notice that Binder and Mann also regarded legislators as arrayed
within issue space.   Thus, the horizontal axis depicting issue space implicitly was broken into identical intervals correlating to degrees of conservatism or liberalism that carried actual numerical values.  Finally, people in issue space evidently occupied fixed locations within it.
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ost campaigns fea-

ture efforts by the

candidates to

characterize their

opponent as being

out of the main-
stream — as an extreme liberal or
as part of the far right. The current
presidential campaign is no excep-
tion.

Thus far, most of the ideological
fire has been directed at the Kerry-
Edwards ticket. The Bush campaign
has gotten particularly good mile-
age out of a National Journal analy-
sis of roll call voting in 2003 that
ranked John Kerry of Massachu-
setts as the No. 1 liberal in the Sen-
ate and John Edwards of North Car-
olina as the fourth-most-liberal sen-
ator.

Yet the senators’ ratings are mis-
leading because of the large number

of votes each man missed. Mr. Ker-
ry, for example, attended so few
votes on social and foreign policy
that his composite score in 2003 was
based only on economic policy. Even
then he was not the single most lib-
eral senator on economic issues; it
was a distinction he shared with six
other senators, including Bob Gra-
ham of Florida.

So where do the Democratic nomi-
nees really fit along the left-right
spectrum? Well, you get a different
answer if your calculations are
based on nearly all votes cast by the
candidates in their Senate careers.
Using this measure, we have ar-
rayed Mr. Kerry and Mr. Edwards
from left to right in the above figure
based on their voting history in the
Senate. For comparison’s sake, we
also have included Ted Kennedy of

Massachusetts, Joe Lieberman of
Connecticut, John McCain of Ari-
zona, and the parties’ median sena-
tors. We even have scores for Presi-
dent Bush (from his announced posi-
tions on roll call votes while presi-
dent) and Vice President Dick Che-
ney (based on the votes he cast when
he represented Wyoming in the
House of Representatives from 1979
through 1988).

Assertions that the Democrats’
presumptive nominees are extreme
liberals fall flat. True, Mr. Kerry's
voting history places him to the left
of today’s median Senate Democrat
(Tom Daschle of South Dakota). But
he is closer to the center of the Dem-
ocratic Party than he is to the most
liberal senators, including Mr. Ken-
nedy. John Edwards falls just to the
right of the median Democrat. In

fact, he is nearly indistinguishable
from Mr. Lieberman, the Demo-
crats’ vice presidential candidate in
2000.

On the other side of the partisan
divide, Mr. Bush — like Mr, Kerry —
is more extreme than his party's
median senator (Richard Shelby of
Alabama). He is also noticeably
more conservative than his primary
challenger in 2000, John McCain. So
any assertion that the Democratic
candidates are out of the main-
stream might easily be applied to
the Republicans as well. In fact, if
any of the four candidates on the na-
tional party tickets this year is out of
the mainstream, it is Mr. Cheney,
‘who in his last full term in the House
was on the right flank of roughly 90
percent of his Republican col-
leagues. a

Sarah Binder and Thomas Mann are senior fellows at the Brookings Institution. Alan Murphy is a senior research assistant there. Paul Sahre is g graph-
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Figure One
        Having pointed out all of these (now obvious) elements of the figure – again, the assumption of left-right issue space, the one-dimensionality of that issue space, its underlying disaggregation into intervals, and the locational fixity of the scored politicians -- we can now introduce a vital complication that takes us an essential step toward our larger purpose of connecting what Poole and Rosenthal have done to the historical concerns of the APD subfield.  With a little thought one can quickly grasp that the idea of one-dimensionality is far from obvious.   In fact, one-dimensionality is very likely an artifact of something or some process, and, if so, it is politically contingent.  (As for the fixity of a legislator’s location we will get back to that, for that also has distinct developmental implications.) 
     Consider the case of the Southern New Deal Democrat, a legislator who voted for liberal economic positions but voted against anti-lynching legislation.   This was a legislator who operated on two dimensions regularly.  On one dimension he was a liberal;  on the other he was the opposite of a liberal:  he was a conservative.   In other words, legislators can and do operate within two issue spaces.   

     But just when is American politics largely one-dimensional (as the plot in the Times op-ed implied), and when is it two-dimensional (as the example of the Dixiecrat implies)?  Why is American politics one or the other at these times and not others?  How many different “dimensions” have there been at different times in American history?  Finally, so what if politics is either one-dimensional or n+1 dimensional?  That is, if dimensions really can be detected, what does the number of dimensions matter?  
      All of these questions might be thought of as questions about dimensionality over time.  In turn, “dimensionality over time” matters for the simple reason that different things have been likely in policy and politics depending on whether politics worked at those times one-dimensionally, two-dimensionally, or n+2 dimensionally.
     Take the example of the Southern Democrat.  That example underscores that there were two separate issue-spaces in American politics during the New Deal, one dominant and one latent -- but potentially very salient.  Franklin D. Roosevelt worked with a congressional Democratic party that had a hidden fault-line which gradually became an open crack in the party’s unity.  Roosevelt was thus required, or so he thought, to choose the issue-space in which he would most productively legislatively innovate.   Either issue space had its own agenda.  On the dominant New Deal agenda, the question was, shall we have more of an activist approach to economic or social policy or more of another?  Mutatis mutandis, the same was true for the other issue space, the racial dimension.   FDR’s need for legislative majorities, coupled with the disenfranchisement of most black American voters, forced him to accept patterns of policy design and implementation -- in federal work relief and crop production control – that, while innovative on the “first dimension,” would not cause overt conflict and debate, let alone lead to deliberate legislative innovation, on the “second dimension,” that is, the dimension of racial politics.   
     To repeat:   whether there are one or two dimensions, and their content, seem to influence what kinds of policies politicians can choose.  If so, then there is a corollary issue:  whether there can be more than two issue dimensions in politics.  Having noted that American politics has often been primarily and overtly one-dimensional, but in at least one era two-dimensional, we can ask:  is American politics ever, or has American politics ever been, more than two-dimensional?  How many dimensions could there be?  What is politics like with n+2 dimensions? 

     An example -- again drawn from the New York Times – provides background essential for understanding the salience of these questions.   Recently, the Brennan Center at New York University issued a report criticizing the New York state legislature as deeply dysfunctional and highly oligarchical, stating that its governance “systematically limits the roles played by rank-and-file legislators and members of the public in the legislative process.”  The report cited a pronounced dearth of public hearings, near unanimous passage of most laws, and a lopsided ratio of 16,892 bills introduced to 693 enacted in 2002, or 4%  -- suggesting a combination of an active but small agenda and an ignored but large agenda.   Not surprisingly, this portrait of a do-nothing, oligarchic legislature enraged the New York Senate majority leader, Joseph L. Bruno.   Indeed, Bruno called the report “pure nonsense,” and added:  “Talk to the C.E.O. of any company.  If you want to act on something, and the company has 212 employees, what are you going to do, have a discussion and let 212 employees do whatever the agenda is?  Is that what you do?  So you have 212 different agendas.  And that is just chaotic, doesn’t work.  That is Third-World-country stuff.”

     To a spatial analyst it is striking that Bruno had little difficulty imagining that there really could be all of 212 “different agendas” in his legislature, one for each legislator who, presumably, would try to organize all of the legislature’s issues around his unique set of concerns.  (Briefly, the reason why spatial analysts would find Bruno’s catastrophizing to be so satisfying has to do with the various impossibility results that fundamentally motivate spatial analysis – but describing these results is not really necessary here.)
  Bruno clearly did not use the word “agenda” in the technical sense that spatial analysts have for the word, i.e. a question-for-action concerning policy design and outcomes that organizes such legislative decision-making as roll-call voting.  Still, he was close to the vocabulary of spatial analysis.  For him, 212 different issue spaces were a distinct possibility that he, Bruno, in his capacity as a legislative leader (or CEO of the New York Senate), had to forestall.  
      Otherwise, Bruno said, there would be "chaos."   Again, the resonance with spatial terminology is striking.  In the spatial analytical vocabulary, “chaos” has a meaning that is close to what Bruno evidently had in mind:  it refers to the politics that ensues when a group of politicians operate simultaneously, in real time, on more than two issue-space dimensions.  When that happens politicians can have a very hard time working with each other at all, creating strong incentives for them either to defect from the rules of the game or to combine into a faction that will impose new rules unilaterally.  A country can indeed become ungovernable, spatial theorists hold, when the actual condition of “chaos” -- in the spatial sense -- emerges.  And if by a "Third World country" we mean an ungovernable country, then Bruno was clearly associating “chaos” (more than 2, indeed 212, issue-spaces) with ungovernability.

     Interestingly, an expansion in legislative dimensionality in fact happened once in congressional development, in the pre- Civil War era.  This underscores the tremendous political and developmental importance that “chaos” – and its aftermath -- can actually have.   Poole and Rosenthal found so much dimensionality in Congress just before the Civil War that they called the American Congress “chaotic” – unmanageable in just the way that Joseph Bruno fears the New York legislature might be were it not for his autocratic leadership.  

     To return, then, to the questions on our agenda:  is politics ever more than two-dimensional?  It could be.  Seasoned legislative leaders can certainly imagine that prospect.  How many dimensions could there be?  Any number.  What is politics like with n+2 dimensions?  Fairly unworkable, probably impossible.  The run-up to the American Civil War is a clear instance.
     If these propositions are true, then clearly there is something of a bright line between a politics of  N ≤ 2 dimensions and politics with N > 2 issue dimensions.  Since the second state is possible -- at least in the imagination of working politicians -- a system that manages to somehow stay to one side of the line is going to be a functioning polity.  The questions that follow are:  what generates chaos?  What suppresses it?  Does that suppression generate two dimensions, or only one, or sometimes one and sometimes two?  Why one outcome or another at different times?
     These questions are a bit unfamiliar to most historically inclined scholars of American politics.  But with a little thought one can see that they imply an interesting proposition – namely, that American political development has proceeded macro-spatially, as it were.  It is the great accomplishment of Poole and Rosenthal that their longitudinal NOMINATE scores frame American political development in macro-spatial terms. 
So Where Do the Scores Come From?
     But before exemplifying the research prospects which follow, we need to ask:  what are the micro-foundations of the macro-spatial account inherent in what Poole and Rosenthal did?  Where do NOMINATE scores come from?
     Poole and Rosenthal deployed, first, a theory of individual legislative behavior that was good (or at least good enough) for all legislators at all times.   That theory allowed them, second, to extract remarkably precise information about ideological position from the entire, continuous record of national legislative behavior, namely, all congressional roll-call votes.  
     At first blush, such a theory would seem not only unlikely, but also wildly a-historical.  But the question is not the theory’s realism so much as its capacity to order an enormous amount of information without doing undue damage to the way politicians actually behave.  So let us turn to the theory.
Utility-Maximizing Legislators
     One basic idea in the spatial theory of legislative behavior is that legislators, being professional politicians, know rather precisely what they want and by the same token they know rather precisely what they do not want out of the legislative process.
  After all, the great function of democratic legislatures is raising and spending money after talking about and negotiating over how to do both.  These tasks are measured and reported to everyone according to the national currency’s metric, which means that democratic legislators regularly operate in easily comprehensible and metricized ways with respect to policy choices.

     For instance, if a legislator prefers one level of appropriation for defense --  say a moderate hawk really likes appropriating $300 billion for the current fiscal year -- she probably would not be happy with a $250 billion appropriation, and she would be even less happy with a $200 billion appropriation, and so forth.  Likewise, this legislator might think that a $400 billion appropriation is foolish, and that $500 billion is even more foolish than $400 billion.  This legislator has a most preferred level, in other words, and then “around” that most preferred level are increasingly less desirable alternatives in either direction, up or down, more less.

     It is not hard to see that this prosaic account is inherently spatial.  A legislator derives greater utility for a legislative outcome the closer it is to her most preferred outcome or “ideal point.”  Correlatively, the greater the distance of an outcome away from the ideal point, then the smaller the utility.  Furthermore, it is not hard to see that  for defense spending, at least, the legislator’s preferences -- if graphed in two dimensional space, with “utils” (utility received) on the y axis and spending levels on the x axis -- would execute something like a bell curve from left to right along the abcissa.

     Of course, fairly close to a legislator’s “ideal point” there is some indifference between alternatives.  Given a choice between a $301 billion and $299 billion appropriation, with no chance of moving the outcome to $300 billion, the legislator might feel indifferent between the two choices.  Depending on her mood, she might vote for $299 or she might vote for $301.  The probability of either winning her vote is identical, about 50%, which is not the case for a choice between a $300 billion appropriation and $200 billion appropriation.  

      Absent such a choice between very close outcomes in issue space, the odds that the legislator would vote for the lower appropriation instead of the ideal point are much smaller.  But, critically, they are not zero.  Perhaps her husband -- who is a dove --promised to take her out to dinner to her favorite restaurant and then to the opera if she voted for the lower appropriation, and she knew that her preferred appropriation would win no matter what she did -- so she voted for the lower appropriation even though that was, for her, ordinarily an improbable choice.  Such votes do occur in a legislator’s career.  Legislators answer several hundred roll calls in every congressional session, and over many sessions the probability of some level of seemingly inexplicable voting probably grows -- if only up to a certain level and no more.  Every legislator has an “error function,” so to speak.  There is, of course, an explanation for each of the incidents of roll-call behavior that give rises to the head-scratching.  That is, the legislator did not really make “errors.”  But her “error function” roll call choices are not captured by the utility-maximizing spatial logic we have just laid out -- hence the label “error function,” which refers to some residual of observations that cannot be modelled concisely.  Roughly speaking, the error function allows for the possibility that a legislator will vote for an outcome that is further from her ideal point (“ideal” with respect to those issues that are included in the model) than its alternative.  The spatial model is thus meant to explain only a certain amount of the variation in roll-call behavior.  

     Now what comes next may be somewhat challenging for the uninitiated.  How would one know what any legislator’s “ideal point” in some issue space is?  Obviously, the legislator’s roll call choices, the yeas and the nays, provide some guide to a legislator’s ideal point.  They communicate legislators’ revealed preferences.  But how would one take all of a legislator’s yeas and nays and derive some precise measure of her ideal point?  And do the same for all the other legislators?  And what metric would one use? 

     To specify this problem, consider the following matrix, in Figure 2:

	
	Legislator A
	Legislator B
	Legislator C

	Vote 1
	Y
	Y
	N

	Vote 2
	Y
	N
	N


Figure 2
This is a very simple version of the general problem that we have just posed.   This is a 3 person legislature, and it has taken two roll-calls, with the yea/nay outcomes noted in the column for each of the 3 legislators.  Could one estimate one-dimensional spatial “ideal points” from such a small amount of information?  If so, how?  

     One way would be trial and error-- that is, to try different configurations of legislator and roll call locations until one got something that made a certain amount of sense.  

     For instance, one could start with the following arrangement of ideal points and outcome locations for yeas and nays, as in Figure 3:
	
	Legislator A
	Legislator B
	Legislator C

	Vote 1
	Y
	Y
	N

	Vote 2
	Y
	N
	N
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Figure 3
If you look closely at Figure 3, and check what you see before you against what we have just said about ideal points and utility maximization, you will notice that A is rather far away spatially from A’s votes and C is also far away.  Of the three, B is closest to B’s roll-calls, but not particularly close.  In fact, if one measured the distance of each legislator to each legislator’s roll call locations, the total distance “minimized” is 16 and 1/2 inches.

     Is there a better configuration?  Yes, one could guess the following, which involves shifting C from C’s previous location on the left over toward the right and also flipping the locations of 2Y and 2N:

	
	Legislator A
	Legislator B
	Legislator C

	Vote 1
	Y
	Y
	N

	Vote 2
	Y
	N
	N



A

B
1Y

1N
C

2N
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Figure 4
Notice that this arrangement, Figure 4, represents an improvement over the previous figure:  both Legislators B and C are fairly close in space to their votes.  But notice also that A is still very far away from A’s second vote.    The total distance “minimized” is about 11 ½ inches.
	
	Legislator A
	Legislator B
	Legislator C

	Vote 1
	Y
	Y
	N

	Vote 2
	Y
	N
	N
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Figure 5

   One further possibility is shown in Figure 5.   C is moved all the way to the right, 2Y and 2N are re-flipped and moved left, B is located in the middle, and finally 1Y and 1N are put on the right.  This does the most to “minimize” the distance between legislators and their roll call choices, namely, down to 8 inches.

     By this point one gets the idea.  Using the information which you have before you, in Figure 2, concerning legislators and their roll-call votes, you could “map,” after a certain amount of moving votes and legislators around on one line, where legislators’ ideal points probably are within this imaginary legislature.  
     In short, one can take roll call vote information and estimate whether legislators are “to the right” on the whole or “to the left” on the whole.  Thus A is “to the left” in issue space above, B is a “moderate,” and C is “to the right.”  Furthermore, if you wanted scores, you could split the line in the figure into 100 intervals and score how “liberal” or how “conservative” each of the three legislators, A, B, and C, is.  

     Now we get to a harder part.   If you have lots of legislators, and lots of roll calls, trying first this and then that obviously will not do as a way to estimate legislator’s ideal points.   It would in fact be impossible, even if you assumed that there is only one issue space.  The House of Representatives has 435 members;  each one runs up about 600 roll calls in a congressional session.   If there were even two dimensions -- as during the New Deal -- your head would instantly spin even thinking about the prospect of a trial-and-error effort.  (Interestingly, Poole and Rosenthal actually considered making a supercomputer conduct some sort trial-and-error iteration, but concluded that any set of instructions to the computer would cause it to produce gibberish in a short period of time, what is called “blowing up.”)  In short, there has to be an efficient way to do what we did above with the actual, real world data concerning each chamber of the U.S. Congress over more than 200 years.
     There is such a way, and it is called maximum likelihood estimation, or MLE.   This is the mathematical core of the software program that Poole and Rosenthal devised for  manipulating the data which they collected.   Let us turn, then, to getting some sense of MLE in a simple version of the procedure, and then extrapolate to what Poole and Rosenthal did with actual roll-call data, which was a far more complicated version of MLE.  Our hope here is to give an intuitive sense of what Poole and Rosenthal did to “map” legislators in issue space in a way that got them closest to legislators’ likely ideal points.  We just did it by trial and error for 3 legislators and 2 roll class;  they did it mathematically for several thousand legislators and many thousands of roll calls.

 Maximum Likelihood Estimation
     Fitting the spatial model means choosing values for all of the parameters of the model.  These consist of (1) the issue space coordinates for each legislator's ideal point and (2)  the issue space coordinates for the “yea” and “nay” locations corresponding to each vote. There is also a parameter that indicates (3) the typical size of the errors (i.e., what constitutes a large difference in the legislator’s distance from the “yea” and “nay” locations?). Given a complete set of these three parameter values, it is possible to compute the probability (again, based on the model) of observing any specific combination of vote outcomes. The Maximum Likelihood Estimate (MLE) corresponds to the set of parameters that, in turn, maximizes the probability of the observed “yea” and “nay” votes. In other words, it -- the MLE -- is that estimated (i.e. artificial or “as if”) set of legislator coordinates -- in issue space -- that makes the real observed outcomes (i.e. the “yeas” and the “nays” that these legislators actually cast in history) as likely as possible. 


To better understand the likelihood function, it is helpful to consider a problem that is much simpler than predicting the voting behavior of members of Congress. Consider a gambling device, such as a slot machine, which pays out money on any one play with some fixed probability p.   To estimate p, you could play the machine 100 times and on each trial record on a piece of paper whether or not money is paid out.  If you assume that the probability of a success on each play is p regardless of the outcomes of the other trials (i.e., assume that the trials are independent of one another) the probability of any particular combination of successes and failures is:

(1)

Prob(observed success/failure sequence | p) = px (1-p)100 - x,

where x is the number of times out of 100 that you win money (possible values of x are 0,1,2,...,100).  The two terms being multiplied in (1) correspond to the probability of getting x successes (each happening with probability p) and of getting 100-x failures (each with probability 1-p).  Changing the order in which the successes and failures occur does not change the overall probability, as long as there are still x successes and 100 - x failures.


The probability statement in equation (1) treats p as a fixed number and is a function of x, the count of successes in 100 independent plays. After your experiment 
you will know the value of x -- but you will not know p.  The Likelihood Function L(p) is identical to (1), except it treats x as fixed at the observed value and is a function of the unknown parameter p.  The maximum likelihood estimate (MLE) for p is the value [image: image2.wmf]Ê 

ˆ 

p 

 that maximizes L(p). In other words, [image: image3.wmf]Ê 

ˆ 

p 

 is the value of p that makes what happened (observing exactly x successes) as probable as possible. This does not mean that it is the correct value of p; other values close to it are nearly as plausible, and there is no ruling out the possibility that something incredibly improbable (e.g. a run of good or bad luck) happened on your sequence of trials. However, MLE's are optimal estimators in many ways, and much is known about their behavior, particularly when the number of trials is large.


As an example, suppose you win 10 times out of 100 plays. The probability of any particular sequence that includes 10 successes and 90 failures is L(p; x=10) =  p 10 (1-p)90. 

[image: image4.emf]







Figure 6

which is plotted in the top half of Figure 6, “Visualizing MLE.”  This likelihood function is maximized (through differentiation) for p = 0.1, with the result that  [image: image5.wmf]Ê 

ˆ 

p 

  = 0.1 is the MLE.   The maximization can be seen visually in the simple example plotted in the top half of Figure 6.  Notice for that figure that the mode of the plot rises to a peak.  The point on that peak where the derivative from differentiation attains a value of 0 equals the maximum that one has succeeded in estimating.   This is a counter-intuitive idea, of course, but it essentially means that there is no more work to do, in the differentiation, precisely because one has gotten to zero;  one can therefore know that the top of the peak, as it were, has been achieved.  

      There is more to notice here.  The Y-axis, for one thing, is set to units that are denoted at 10 -15.  What this means, in the first instance, is that we ought not to get too excited about our estimate.  Even with p=0.1 through MLE, the observed sequence is by no means probable since it is on the order of 10-15.  

     But the figure is still useful.  Why?  Because staring at it one can see that the likelihood value for this observed sequence is 40 times larger than the likelihood value when p=.2.   If that is not immediately obvious, do the following:  mentally draw a vertical line up from .2 on the X-axis to the plotted line, and then execute a horizontal straight line to the Y-Axis.  This gets you to essentially zero – but notice that the top of the peak for the plotted line is at 4 X 10-15 – which is 40 units away.  To repeat, then, the likelihood value of p=0.1 is 40 times larger than for p=.2.   To put it as simply as possible,  MLE can work to sort estimated values into more likely and less likely estimates.

     Because we now have a sense of what MLE can do for us, we can accept the next new fact about MLE through taking an intuitive leap which going to make sense – and that new fact is this:   it can be shown that with x successes in n independent trials, the MLE is  = x / n, the observed proportion of successes. 
     What that means, quite simply, is that MLE works more and more usefully as it takes in more and more information.  Take, for example, the lower half of Figure 6 below.  It shows that, with n = 1000 and x=100, the MLE remains  = 100/1000 = 0.1.  But this second likelihood function is much narrower than the first, reflecting the additional information gained by using a larger number of trials (the analogue for NOMINATE would be to have the results of a larger number of votes). 

     In other words, with more information we narrow the range of plausible estimates – which is what we want.  Figure 6 shows 90% confidence intervals for p corresponding to n=100 and to n=1000 with  = 0.1 in each case. The first interval is larger by a factor of roughly [image: image6.wmf]Ê 
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, or about 3, meaning that around three times as many values of p must be considered "plausible" when using 100 trials compared to 1000 trials.  That is not what we want – i.e. we do not want more plausible values when we could have fewer plausible estimates – which is why we want to add more information.

     All of this brings us to a strength of NOMINATE.  The above examples have only one parameter and 100 or 1000 outcomes.  But NOMINATE routinely fits models with many 1000's of parameters and outcomes. 
     Each person who has voted in the time period considered has one or several associated parameter values (coordinates in issue space), as does each question that was voted on.   Imagine there are six hundred different gambling machines and, further, that machines may have different characteristics (e.g., different p's). Now suppose there are 435 different people playing each machine, and that the players differ in their skill at winning money (e.g. in video blackjack).  Then the probability of a player winning on a particular play depends on both the player and the machine being played.
      The different players in this example obviously represent different members of the U.S. House, and the different machines could represent different questions being voted on in a congress.   Voting “yea” on a question could correspond to winning money on a play.

     Given values for all of the voter and question parameters, Poole and Rosenthal can write down a function for the probability of votes being cast in a particular way. This defines the likelihood function L for the set of parameters, and the MLE is the combination of voter and question coordinates that result in the largest possible value of L.

     Now, there are important complications that require notice.  Complications arise due to the large number of parameters involved in the Poole-Rosenthal likelihood function (i.e. NOMINATE, with – to recall -- the T and E standing for Three-step Estimation). While there is an explicit formula for the MLE in the simple example with the slot machine, much, much more computationally intensive methods were used by Poole and Rosenthal.  What then did they do?  

     They used a certain kind of algorithm to handle the massive amount of information with which they worked.  Think of the analogy of a hilly field.  Suppose you are trying to find the highest location in a hilly field.   This could correspond to finding the MLE for a two-parameter model.  The third dimension, the height, represents the value of the likelihood function for any particular two-dimensional location in the field.   

     Now, for the one-dimensional NOMINATE model, the “hill” would be located over a space of dimension equal to the number of legislators plus two times the number of votes – which is the total number of parameters in the model.   The two-dimensional NOMINATE model would have twice as many parameters as the one-dimensional model.  

     (An aside is in order.  You might be wondering why the terms “one-dimensional” and “two-dimensional” suddenly appeared.  Recall, however, our earlier contrast between the one-dimensionality of the plot in Figure 1 and our discussion of the two-dimensionality of politics during the New Deal era.)

Back to our “hilly field” metaphor.  To find the highest point in the field, you could check the height of every possible location with an altimeter and identify the maximum.   However, this procedure could take a long time if the field is large – which given the number of Congresses and roll calls it is.   A faster method would be to start in some location, and then take a step in the direction that increased your height the most. From this new position, you could take another step in the direction that again gave you the largest increase. After many steps you would eventually arrive at a location from which you could not go any higher.  You would then conclude you were at local maximum.   Repeating this “gradient method” from various starting locations, you could be reasonably confident of identifying the overall highest point in the field.    This would, in fact, be a tiny bit like the trial-and-error example above – although in fact you would be using mathematics called “hilltopping in higher dimensions.”

To use this procedure with the NOMINATE model, one would first choose a starting set of parameter values [image: image7.wmf]Ê 
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 (the coordinates in issue space for the legislator ideal points and all of the yea and nay locations) and (get ready for a mathematical term of art) evaluate the likelihood function L([image: image8.wmf]Ê 
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). Then one would move to a slightly different set of values, *, and evaluate L(*).   If L(*) > L([image: image9.wmf]Ê 
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), you accept * as the new [image: image10.wmf]Ê 
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.   Otherwise you go back to the old [image: image11.wmf]Ê 
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  and move from there again.   Repeating this procedure many times allows you to  “climb the hill” until you arrive at the  value that maximizes the function L, at least locally. 


It might be helpful here to reconsider the simple case displayed earlier:

	
	Legislator A
	Legislator B
	Legislator C

	Vote 1
	Y
	Y
	N

	Vote 2
	Y
	N
	N


We tried fiddling around with getting the appropriate relative distances between possible ideal points and the yea and nay points, even with only three legislators.  We thus (sort of) did what NOMINATE does systematically with much, much more information.  
     In NOMINATE any given set of estimated coordinates yields a probability of the observed votes. The MLE is the set of coordinates that makes this probability the largest.  We tried to get the likely issue space locations of 3 legislators by fiddling with their observed yea and nay votes in a trial and error fashion, but NOMINATE does this for thousands and thousands of legislators and their roll-call votes through “hill-climbing.” Now, once a solution is obtained, that is, once NOMINATE thinks it has found the “highest hill” in the hilly field with the lowest error (roughly like the lower plot), the legislator parameters which are associated with that decision – which are the estimated coordinates – are dropped into a metric of some sort that can be easily interpreted, i.e. a scale between 0 and 100.  The resulting scores are the Poole-Rosenthal -- or NOMINATE -- scores available on their websites for each member of Congress since the first Congress.  

     It was these scores that Binder and Mann (go back to Figure 1) were using in order to make the claim that together Kerry and Edwards were less extreme than Bush and Cheney.  Bush’s NOMINATE score they got by treating his legislative messages -- up or down on policy questions -- as one more set of “yeas” and “nays” in the legislative process.  They were simply added into the database on which the algorithm worked.  Cheney’s scores they did not equate with Bush’s but instead used his roll calls from his time as a member of the House.  

     It cannot be stressed enough that these scores are not "true values" of anything real. They are merely estimates of (legislators’) parameter values that govern a probability model used to approximate a non-random, real-life process. The assumption is that if the model can be made to generate outcomes like those of the real process, then the fitted parameters of the model, which for the basis of the scores, may in turn tell us something analytically useful about the real people and questions involved.
The Double-Edged Impact of NOMINATE
     NOMINATE generates, in short, a ream of data about the relative “liberalism” or “conservatism” of national legislators and politicians over time. 
   The longitudinal nature of the data promises to historicize the study of American politics, and, by the same token, to require that historical-institutional scholars appreciate the spatial-analytical approach to American politics.   With the tutorial on its mathematics behind us, we can address this joint impact.
The Historicizing Impact
     As the historical turn in the American politics subfield has deepened and persisted,  its practitioners have repeatedly relearned the fundamental lesson of doing historical work:  that what we know about the past and its relationship to the present is usually somewhere between uncertain and open to revision, on the one hand, and radically and bafflingly uncertain on the other.   This has been a new and different route to the recognition of uncertainty that pervades the social sciences, often via the mathematics of probability which permits researchers to report the degrees of uncertainty associated with their statistically derived findings.   
     Once stated, the uncertainty of the past is so obvious as to be trite.  But as Ian Lustick has rightly noted, political scientists have an ingrained tendency to treat history as if it had an easily recovered record simply awaiting theoretically informed reinspection – a warehouse of stylized facts which political science can browse.  Picking up on Lustick’s insightful and cautionary claim, we believe that full use of NOMINATE requires recognizing this solipsistic peril and consciously working against it.  Such a recognition is all the more necessary given the artifactual if highly useful nature of the scores. 

     Lustick described techniques for simultaneously recognizing uncertainty and reducing it in historical research.  One is explicit identification, during the research process, of the actual and potential historiographic debates concerning the observable implications of relevant theoretical approaches.  The other is the development and application of explicit criteria for either resolving these debates or for determining why one does not need to resolve them.

     Lustick recommended full reporting on the results of these exercises, but in actuality doing that would impede narrative presentation of analysis.  We think that a asecond-best procedure is the researcher’s retention of written notes and memoranda or essays.
     Either way, the implication of Lustick’s analysis is straightforward:  historical analysis requires far deeper and more thoughtful attention to historiography than many political scientists are accustomed to.   We are usually trained to collect enough data for multivariate tests, not mastery of historiographic controversies.  Yet following Lustick’s recommendations even in the second-best form will allow full integration of NOMINATE scores with the task of reinvestigating key political historical episodes and processes.  Congressional passage of constitutional amendments and the making of landmark statutes are examples of phenomena we may come to understand much better with NOMINATE (and its spin-off, Voteview).
The Analytical Impact on APD
     APD scholars will undoubtedly want to turn to such reinvestigation armed with an understanding of NOMINATE and the associated tools, VoteView and Animate.  But they may wish to do more.  Poole and Rosenthal have generated findings with NOMINATE that are highly developmental in their implications.   To show this, we discuss the developmental implications of the (1) relative fixity of legislators in issue space and (2) a cluster of issues related to dimensionality over time.  That ensemble includes the number of issue spaces (or dimensions), their content, their relationship to each other if and when there is more than one dimension, and  the political and policy implications of their relationship.  There are other developmental implications in NOMINATE and what it can show,  but these two categories illustrate how Poole and Rosenthal are very much “developmentalists” in their own right.
Fixity of Legislator Positions in Issue Space
     A remarkable contribution of NOMINATE that should matter to APD scholars is embedded in the finding that legislators’ “scores” are fairly fixed.  Once a liberal, always a liberal.  Once a conservative, always a conservative.  Once a moderate, always a moderate. 

     Some legislators do, of course change what they stand for.  Think, for instance, of Strom Thurmond.   NOMINATE thus mathematically allows for the possibility that a legislator's ideal point on a dimension may move over time.  What Poole and Rosenthal found, though, is that most legislators hardly move at all, and any movement is basically slow and steady, without sudden erratic jumps.  

     More precisely, they tried the model with the assumption that legislators never move, and compared the results to what they got when they allowed linear changes, then more complicated quadratic changes, and so on.  They found that allowing linear changes over time increased the model's accuracy somewhat, but quadratic and higher-order movement models offered essentially no improvement.  Furthermore, what movement there was tended to be small.  In other words, the movement of a legislator's ideal point is essentially a very slow drift in a straight line (on one dimension, from more liberal to more conservative or vice versa).
 

     This makes sense.  As long as House districts stay the same over the legislator career, the accountability relationship demands considerable fixity.  Thus there is congruence between the district median and legislator preferences, generating the ideal point that we have discussed.  The point holds true a fortiori for members of the Senate, whose district boundaries never change.   Thurmond is, in fact, the exception who proves the rule:  the South Carolina electorate changed composition sharply during his career.
     The great significance of this finding is that it forces us to reappreciate replacement as the motor of policy change.
  The point can be overstated, and David Mayhew has nicely critiqued it in his recent books on Congress, in which he has explored the role of public moods in shaping legislation and the role of legislators’ own efforts to shape public opinion.  But  if replacement so fundamentally conditions who gets what from government, then engineering it, preventing it, and compensating for it are vital elements of grand political strategy in American politics.
  

     Replacement does not just happen, in other words.  We used to focus on electoral realignment as one such logic of legislator replacement.  But we have backed away from realignment theory, and for good reason (given the lack of evidence for even weak versions of the national-level theory).  Instead, replacement is endogenous,  fundamentally anchored in districting.  What Tom DeLay did in Texas is only a spectacular example of a basic strategy for engineering replacement.  
     Partisan federalism, state legislative dealmaking, and entrepreneurship by members of Congress all interact, it would seem, to produce variable rates of replacement and, in doing that, to constrain or create policy openings at the national level.  One research prospect, then, is ascertaining the precise extent to which such interaction accounts for policy change over time.  If it turns out to explain policy historical patterns in significant measure, then we will have discovered that the origins of national policy are not largely national, as we so often think, primarily rooted in presidential-congressional interaction.  Instead, national policy emerges more from interactions between national and sub-national politics than we have assumed.

Dimensionality Over Time
     We suggested earlier that there is something of a bright line between a politics of  N ≤ 2 dimensions and politics with N > 2 issue dimensions.  How and why a polity manages, so to speak, to be a system of N ≤ 2 issue dimensions becomes an important matter in need of explanation.   Why it has only one or instead two dimensions is also a fundamentally important question, as the discussion above of the New Deal suggested.
     Poole and Rosenthal found that American politics has almost always exhibited “low dimensionality” -- by which they mean no more than two dimensions.  They first fit a model with one dimension, to see how successfully that captured legislative behavior.  Then they fit two dimensions, to see how much that improved the model's performance, then three dimensions, and so on.
  

     They found that the one-dimensional model was about 83% accurate overall, meaning that in 83% of all the individual votes, the legislator voted for the outcome whose position in issue space (as estimated by NOMINATE) was closer to the legislator's ideal point (again as estimated by NOMINATE), while the two-dimensional model was about 85% accurate.  Three or more dimensions offered very little improvement over two, which implied the surprising result that Congress's issue space has at most been two-dimensional, at least to the extent that a spatial model can approximate ideal points in congressional roll-call voting over time. 

     They did not, it should be noted, directly estimate the number of dimensions.  Instead, what they did was assume that issue space has been one-dimensional and then see fit the model to the data.  Then they assumed a second dimension.  Ex ante, the improvement in fit (what they call average proportional reduction of error, or APRE) had to grow.  What they did was a bit like throwing another independent variable into an OLS regression -- R-squared will always go up, even if only a bit, no matter what plausible variable you add.  Assuming a second dimension doubles the amount of information you are working with.  Rather than running a “climb the hill” algorithm in an “east-west” space, or “north-south” space, one runs it in a space that has both an “east-west” plane and a “north-south” plane, so there are now twice as many local maxima to climb, which, in turn, can do only one thing to your estimated parameter values for your legislators, for you now have two more coordinates for each -- kick these estimated values up.

     Their cleverness, though, lay in not knowing how much change one got from this trick.  That it was only 2% was remarkable.  Then they did the trick again and nothing changed, really.  The main exception is the period immediately before the Civil War, when in fact the U.S. became ungovernable.  

     What is – and was -- the content of these dimensions?  Poole and Rosenthal concluded that the first dimension was socio-economic – state banks vs. a national bank, at one time, currency expansion vs. currency restriction, at another, high tariffs vs. low tariffs at a third, social spending vs. spending restraint in a fourth, and so on.  From reading their political history and looking at the specific content of the roll calls associated with the second dimension, they concluded that it was a “racial” dimension, or more precisely, a race-relations dimension.
     These are astonishing findings, if you think about them carefully.  American politics fairly boils with new issues all the time, and it always has.  Socially and economically it is exceptionally dynamic.  Indeed, Samuel P. Huntington memorably pointed out that there is a great paradox in American politics:  it is one of the most socially and dynamic countries in the world, and yet its political system is relatively unchanged from the Founding, despite the Civil War, the New Deal, and the Great Society.  Furthermore, that system itself is institutionally a late medieval system -- what Huntington dubbed “the Tudor Polity.”  Paradoxically, the Tudor Polity has endured while society and the economy have changed dramatically.  Why?  Much of the explanation for Huntington’s paradox must be that all the issue action has been funneled into “low dimensionality.”  That is, new issues have been mainstreamed along one or the other of the two dimensions.  The only time that this did not happen was in the 1850s.

      But that answer only pushes the questions back one remove, of course.  What explains “low dimensionality” and its reproduction?  Why did the mechanisms of dimensional reproduction break down so spectacularly just before the Civil War?  What happened during the Reconstruction and after to restore low dimensionality?
     Furthermore, the second dimension waxes and wanes in its salience.  Poole and Rosenthal know this because they estimated a coefficient for the second dimension.  The coefficient which they calculated measures its relative salience.  What explains variation in 2nd-dimensional salience?  When does it wax and why?  When does it wane and why?  If there are detectable periods, what might be learned about politics and policy?
     Addressing these questions about dimensional number, their content, and their relationships over time lie beyond the scope of this paper.  Our aim here is to pose the questions, and to show how they are motivated by what Poole and Rosenthal have achieved.   The developmental implications of spatial analysis thereby become sharper and perspicuous.  The discussion earlier of Franklin D. Roosevelt’s political choices in setting Congress’s agenda suggests, though, that many specific answers undoubtedly lie in the party system’s development and in how party politicians and national leaders “managed” – and thus fixed and perpetuated – these three aspects of dimensionality over time.  
Conclusion
     NOMINATE scores, and the desktop tools that have been produced as a by-product of NOMINATE’s construction and application – a process that took Poole and Rosenthal decades – represent major breakthroughs in the development of political science.  By now this is widely recognized within contemporary political science, most notably among congressional scholars and among the somewhat (but not entirely) overlapping community of scholars who have been influenced by the formal-analytical applications pioneered by William Riker and others. 
     Yet the bulk of the APD subfield has so far been fairly untouched by this accomplishment.  As Ira Katznelson and others have noted, much of the reason lies in APD’s relative (and increasingly inexcusable) indifference to congressional evolution and its role in American political development.   Another reason, however, is APD’s relative indifference to spatial analysis – despite the freshness of such spatial-historical analysis as John Aldrich’s Why Parties? and Charles Stewart’s accounts of congressional evolution.   Finally, the mathematical and computational foundations of NOMINATE are formidably difficult and complex, the relative simplicity of its core ideas notwithstanding.
     One of NOMINATE’s basic strengths, however, is the relative inter-temporal comparability of the scores it generates.   Furthermore, it has yielded a full data series for the entire history of the Republic.   Third, NOMINATE will very likely be used synergistically with another data series which are being generated by Katznelson, Lapinski, and Razaghian.   The time for APD scholarship to adopt  both NOMINATE and these other scaling results is therefore long overdue.  That will mean appreciating the spatial model and its developmental implications.  We are not recommending that APD jettison all of its previous conceptual categories in favor of exclusively spatial-analytical categories.   We only recommend that APD make room for them.  Poole and Rosenthal are, after all, very much developmentalists in their own right. 
     By the same token, NOMINATE – and other scaling results – cannot fully dynamize the study of American politics unless the fundamental lessons of APD are widely adopted within American politics subfields.   What we know of the past is uncertain.   The full meaning of the quantitative results can only be tapped via intensive attention to the requirements of decent historiography.  

     In short, our purpose here has been one part persuasion, one part demystification, and one part substantive.  We hope that others will find it a useful mix.
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