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Abstract

Importing the methodology of Cherchye and Vermeulen (2006), we discuss the many ways ‘dominetrics’ can measure performance.  We then apply the approach to National Collegiate Athletic Association (NCAA) Division I men’s basketball rankings.  The ordinal approach we take removes some subjectivity from the Ratings Percentage Index (RPI).  Just as Pareto-relationships are obtained without subjective cardinal weighting schemes, the dominance-relationships applied here eliminate the subjectivity of cardinal-weighting.  Since heated debate inevitably ensues after the NCAA Selection Committee’s announcement of at-large invitees to the NCAA tournament, the subjectivity-minimizing dominetric provides a barometer for evaluating the relative qualities of college basketball teams.  
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Employing ‘Dominetrics’ to Impose Greater Discipline on Performance Rankings

1 Introduction

Aggregation problems in economics are well-documented and in some fields, such as public choice economics, the topic remains one of the more heavily researched areas.  Arrow (1963 [1951]) remains the seminal contribution to the field of social choice, but the literature dates back to at least Condorcet (2009 [1785]).  In Condorcet’s famous model, three voters making choices over three alternatives could produce a “vote cycling” outcome where no particular outcome was strictly dominant.  Since the public choice revolution of the late 1950s and early 1960s (Buchanan and Tullock 1962), the literature on preference aggregation has grown, and public choice economists have studied the effects of different voting rules and election designs. While a bulk of the research is positive, the overarching normative aim for many is to help democratic institutions avoid the “anything goes” outcomes implied in Arrow.  Public choice theorists are not the only people concerned with issues of preference aggregation and identification of clear winners.  The topic of welfare economics in standard microeconomics courses, for examples, stresses the problems of interpersonal utility comparisons and the weaknesses of different welfare standards. 

 
Though coming up with an aggregation mechanism free from scrutiny is impossible, we do see development of performance measures all of the time in many walks of life.  In our own jobs as professors, for example, we are evaluated annually in three categories: teaching, research, and service.  A faculty member can assign different weights to each category, but the categories are fixed and the weights must add up to 100 percent.  The weights are then multiplied by the subjective evaluation scores made by an administrator, and a relative ranking of faculty members is thereby developed.  The ranking is far from perfect, but it is an attempt to measure performance.
Another famous application of cardinal weights to dimensions of performance is the ranking of colleges and universities published annually by US News & World Report.  In their discussion “How We Calculate the Rankings,”
 the authors

…gather data from each college for up to 15 indicators of academic excellence.  Each factor is assigned a weight that reflects our [the designer’s] judgment about how much a measure matters.  Finally, the colleges in each category are ranked against their peers, based on their composite weighted score. 

Some critics say the US News’s approach preserves its ability to generate a different ranking each year in order to sell new magazines.  If the model and rankings remain relatively unchanged, magazines might not sell.  According to the critics, US News may tinker annually with the subjective cardinal coefficients attached to each of the 15 performance dimensions, which thereby produces highly variable annual rankings.  There could be less criticism of US News’s methodology if the magazine were to replace their current ranking methodology, which is sensitive to the subjective values of cardinal weights, with an ordinal methodology where 15 performance dimensions were compared in an ordinal manner, with the importance-ordering itself being the only subjective component.  In order to generate a new ranking (and greater magazine sales), US News could still change the importance-ordering of their 15 performance dimensions from one year to the next.  But, if their methodology were ordinal, decisions to change importance-ordering would be problematic and would appear as discrete jumps.  Therefore, changes would be less likely to occur than revisions of cardinal coefficients, which are continuous variables constantly nudged by the US News designers up or down along the real number line. 

  
Attempts to rank the performance of countries can be seen when we look at popular economic freedom indices, such as the Fraser Institute’s Economic Freedom Index (Gwartney and Lawson 2008).  For example, the economic freedom index takes information from five different categories, assigns equal weights to each category, and then generates a score for each country.  In some cases, a country can be doing better than its rival on four of the five margins.  But if the country is doing terribly in just one area, the country’s overall score may be worse than its peer.  Thus, simple aggregation techniques arguably can be misleading because they do not overcome standard problems of aggregation.   

Until recently, little could be done about the aggregation problems inherent in much of the performance evaluation literature.  In many cases, the solution has been to either acknowledge the limitations and not do much about them or try to develop new cardinal performance measures, which have similar flaws.  In the early 2000s, however, a new tool called Data Envelopment Analysis (DEA) was developed.  According to Cherchye and Vermeulen (2006, 361), 

DEA applies a benefit-of-the-doubt weighting, which essentially means that an observation is outperformed by other observations only if there does not exist a weighting scheme such that it obtains the best overall performance. This obtains performance rankings that are robust with respect to the specific weighting scheme that is used: an observation is DEA-dominated if for each possible weighting scheme (i.e., including the most favorable scheme) there is another observation that obtains a higher aggregate index value.
Like Cherchye and Vermeulen, we drop the linearity assumption of DEA and focus only on the order of rankings.  Focusing on ordinal rankings, rather than cardinal ones, has a number of advantages.  

We illustrate our approach by applying the technique to the United States National Collegiate Athletic Association (NCAA) Division I men’s college basketball rankings.  Division I college basketball is a big business, and there’s a tremendous amount of disagreement each year about which teams are the best, which teams deserve high seeds in the major college basketball tournament, and which teams are on “the bubble.”  For some schools, such as George Mason University and Gonzaga, making the tournament and enjoying subsequent success has huge implications for school prestige and enrollment; after their Final Four run in 2006, for example, George Mason University saw a 22 percent increase in freshmen applications.   


Determining the best teams and developing a ranking for the top 64 is not an easy task, and each year some teams are left out of the tournament because of the subjective judgments of the selection committee.  The problem for the committee is the one we have been describing above: given the numerous performance dimensions, how do we rank teams when few teams dominate over all dimensions?  For example, despite having a 22-11 overall record and a 10-8 conference record in the 2008-2009 season, Penn State University was excluded from the field.  Meanwhile, the University of Maryland’s 21-13 overall record and 7-9 conference record were good enough to get in.  The rationales provided for Maryland’s inclusion and Penn State’s exclusion were Maryland’s stronger conference of play (ACC) and record near the end of the season.  Yet, Penn State had big road wins at Georgia Tech, Michigan State, and Illinois, and they performed better against Top 25 and Top 50 competition.  Given the endless dimensions over which schools can be compared, the question of which team is more deserving to be in the tournament seems like fodder for sports junkies and impossible to answer.  Thanks to the Cherchye-Vermeulen approach, which we further describe in the next section, there is now a more scientific way to provide a robust account of which teams are best.  


In the next section we explain our methodology.  Section 3 then presents our results and compares them to the actual seedings conferred by the NCAA selection committee.  Section 4 concludes and provides a discussion about future research.  

2
Methodology

Our discussion of methodology necessarily begins with the Rating Percentage Index (RPI), which is a metric receiving a great deal of attention in the comparative evaluation of college basketball teams.  To begin, it is important to note the cardinality of the RPI.  Within the index, there also exists an implicit importance ordering over the dimensions of team performance, and this will lead us into our application of the ordinal approach pioneered by Cherchye and Vermeulen.  We conclude this section on methodology by contrasting our application of the Cherchye-Vermeulen ordinal approach to ranking college basketball teams with Cherchye and Vermeulen’s application of their own ordinal approach to ranking Tour de France cyclists.

2.1
A Cardinal Approach to Ranking Teams:  The RPI

A college basketball team’s RPI is computed as a weighted average of three performance dimensions:  (1) the team’s own won-loss percentage W1, (2) the team’s opponents’ won-loss percentage W2 (sometimes referred to as the team’s “strength of schedule”), and (3) the team’s opponents’ opponents’ won-loss percentage W3 (or the team’s opponents’ “strength of schedule”), according to the following equation.


[image: image113.bmp]
The cardinal coefficients 0.25, 0.5, and 0.25 convey an importance ordering of the three performance dimensions W1, W2, and W3.  If we look at the coefficients, the RPI formula attaches greatest importance to the team’s opponents’ winning percentage W2, and it attaches lesser and equal importance to the team’s own winning percentage W1 and its opponents’ opponents’ winning percentage W3.  In the initial years of the RPI, the value of a team’s own winning percentage W1 was computed as a function of the team’s own wins Wown and the team’s own losses Lown in accordance with the straightforward definition of a winning percentage:
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In recent years, however, the U.S.’s National Collegiate Athletic Association (NCAA) has attached greater weights to road wins and home losses and lesser weights to home wins and road losses, so for the purpose of computing the RPI each team’s own winning percentage is obtained nowadays as follows:
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Given the RPI’s weighting scheme, achieving a given winning percentage on the road becomes more important than achieving the same winning percentage at home.  For example, suppose Team A compiles an overall record of 10 wins and 10 losses while playing all 20 of their games at home.  Suppose Team B also compiles a won-loss record of 10-10, but they play all of their games on the road.  Then, under the current method for computing a team’s own winning percentage W1 for subsequent use in obtaining that team’s RPI, Team A’s own winning percentage becomes 
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while Team B’s own winning percentage becomes 
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Thus, the current RPI formula treats two teams with the same .500 winning percentage differently.  When the new cardinal coefficients of 1.4 and 0.6 are employed to calculate the value of the “own winning percentage” W1, the conventionally-computed .500 winning percentage becomes a .300 winning percentage for the team that played all of its games at home, and it becomes a .700 winning percentage for the team that played all of its games on the road.

The introduction of new cardinal coefficients of 1.4 and 0.6 provides a tie-breaker in the importance ordering implicit in the formula RPI = 0.25W1 + 0.5W2 + 0.25W3.  Although a team’s own winning percentage W1 and its opponents’ opponents’ winning percentage W3 feature the same cardinal coefficient of 0.25, the additional cardinal coefficients of 1.4 and 0.6 used to compute a team’s own winning percentage W1 elevate the importance of a team’s road performance above its opponents’ opponents winning percentage W3 while decreasing the importance of a team’s home performance below its opponents’ opponents’ winning percentage W3.
  If we let the team’s road performance be measured by the performance dimension 
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, the team’s own road winning percentage, and let the team’s home performance be measured by the performance dimension 
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, the team’s own home winning percentage, then the importance ordering for performance dimensions implicit in the RPI now ranks opponents’ winning percentage W2 first, own road winning percentage 
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” typically is used in the context of preference rankings and is read as “is preferred to,” we use it in the context of an importance ranking where it translates as “is more important than.”)

Of course, the same importance ordering could have been obtained if a different set of cardinal coefficients were used to compute a team’s RPI as well as its own winning percentage W1.  For example, if the Ratings Percentage Index were computed according to RPI = 0.3W1 + 0.4W2 + 0.3W3, where 
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,   then the equations would preserve the importance ordering of the performance dimensions W2, 
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, but they would yield a different numerical value for each team’s RPI, and therefore they also would yield a different ensuing ranking of basketball teams.  Thus, we must emphasize the current array of cardinal coefficients (0.25, 0.5, 0.25 as well as 1.4 and 0.6) are arbitrary choices made by human beings, and infinitely many alternative and arbitrary choices could be used to both (a) preserve 
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 and (b) generate different numerical outcomes for the RPI and different consequent team rankings.
2.2
An Ordinal Approach to Ranking Teams:  The NDM

Given the RPI’s sensitivity to the arbitrary choices of cardinal coefficients made by human beings, who themselves have alma maters and rooting interests in individual teams, we propose to rank college basketball teams by applying Cherchye and Vermeulen’s ordinal methodology, which they originally used to rank Tour de France cyclists.  Their ordinal methodology depends only upon the importance ordering of performance dimensions and certain importance-ordering-preserving sums of performance dimensions in which each performance dimension always features a coefficient of 1.  As we use the Cherchye-Vermeulen ordinal methodology to generate a ranking of college basketball teams, we will preserve the importance ordering of performance dimensions implicit in the computation of the current RPI:  
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.  Therefore, we seek not to question the NCAA’s judgment about which dimensions of performance are more important or less important.  Instead we seek to remove the sensitivity of the RPI to the arbitrary choices of cardinal coefficients used in its computation.   
As we apply the methodology of Cherchye and Vermeulen to rank college basketball teams, four sums of performance dimensions are used: (1) the sum of one term, the most important performance dimension: 
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; (2) the sum of the two most important performance dimensions: 
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; (3) the sum of the three most important performance dimensions: 
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; and (4) the sum of the four most important performance dimensions 
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.  If team A’s sum is greater than or equal to team B’s sum for all four of the sums, then team A dominates team B.  In other words, Team A dominates Team B if the following criteria are satisfied:
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If one, two, or three of the “(” signs can be replaced by a “<” sign, then no dominance relationship exists between team A and team B.  If all four of the “(” signs can be replaced by a “(” sign, then team A is dominated by team B.
Before demonstrating how the sums are used to determine dominance relationships between college basketball teams, a couple of additional features of the sums deserve further attention.  Observe first how the domination criteria preserve the importance ordering of the performance dimensions:  the most important performance dimension 
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 appears in all four sums, the second most important performance dimension 
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 plays a part in two of the sums, and the least important performance dimension 
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 affects only one sum.  As we can see, the domination criteria embody what Cherchye and Vermeulen call a “compensation principle”: even if team B performs better than team A on a less important performance dimension (e.g., 
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remain satisfied overall.  A numerical example will prove useful to illustrate the compensation principle in particular and the implementation of the ordinal methodology more generally.  Consider, for instance, the teams in the 2009 Final Four: University of North Carolina (UNC), Michigan State University (MSU), University of Connecticut (UConn), and Villanova University (VU).

Table 1
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	UNC
	MSU
	UConn
	VU
	NDM

	UNC
	0.593
	0.813
	0.554
	0.933
	0.593
	1.406
	1.959
	2.893
	1
	0
	0
	1
	1

	MSU
	0.618
	0.778
	0.548
	0.857
	0.618
	1.396
	1.944
	2.801
	0
	1
	0
	1
	1

	UConn
	0.584
	0.867
	0.554
	0.875
	0.584
	1.451
	2.005
	2.880
	0
	0
	1
	0
	0

	VU
	0.588
	0.688
	0.544
	0.882
	0.588
	1.275
	1.819
	2.701
	-1
	-1
	0
	1
	-2


Before discussing the four columns of performance dimension outcomes or the resulting sums in the following four columns, we must explain the entries in the final five columns of the table.  Notice the first four of these final five columns feature only ones, zeros, and minus ones.  Each cell containing a one indicates a row team that dominates the column team; each cell containing a zero indicates a row team that neither dominates nor is dominated by the column team; each cell containing a minus one indicates a row team that is dominated by the column team.  The last column records each row team’s Net Dominance Metric (NDM).  The NDM for any team equals the number of teams it dominates minus the number of teams it is dominated by.  Therefore, the NDM outcomes in the last column can be obtained as the sum of the results in the preceding four columns minus one. (To explain why it is necessary to subtract one, we must acknowledge an idiosyncrasy of the criteria for determining dominance relationships.  Recall that these criteria are satisfied as weak inequalities, and since all of these weak inequalities 
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 could be satisfied as strict equalities, any given team dominates itself.  For example, Team A dominates Team A because 
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.  The result that each team dominates itself explains why ones appear along the principal diagonal of the 4-x-4 matrix in the penultimate four columns of the table above.)  In the final column, the Net Dominance Metric is the tool used to rank the teams.  Thus, in our small sample of four teams, North Carolina and Michigan Stage tie for the top ranking, followed by Connecticut and then Villanova. 
To illustrate an example of the compensation principle, let Michigan State be Team A and let Villanova be Team B.  Note that 
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 (0.618 > 0.588), 
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 (1.944 > 1.819), and 
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 (2.801 > 2.701), so Michigan State dominates Villanova.  Moreover, MSU dominates VU even though VU won 88.2% of its home games while MSU won only 85.7% of its home games.  
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 is the fourth most important performance dimension, and the advantage MSU built up over VU in the three more important performance dimensions (1.944 – 1.819 = 0.125) “compensates” for the margin by which VU bested MSU (0.882 – 0.857 = 0.025) in the least important category of performance dimensions.
As a result of the compensation principle, it is easier for one team to dominate another team than it is for one team to be Pareto-superior to another team.  Team A is Pareto-superior to Team B only if Team A scores higher than Team B in at least one performance dimension and not worse than Team B in any performance dimension.  For example, if 
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, then Team A is Pareto-superior to Team B.  (There must be at least one “strictly greater than” sign (>) within the intersection of inequalities, and it could involve any one or more of the four inequalities; above it only involves the first one).   Continuing to denote Michigan State as Team A and Villanova as Team B, we see that MSU scores higher than VU in the three most important performance dimensions, 
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 (0.548 > 0.544), but MSU scores worse than VU in the least important performance dimension, 
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(0.857 < 0.882).  Consequently, MSU is not Pareto-superior to VU within our 4-dimensional performance space; yet, MSU dominates VU within the same 4-dimensional performance space, as demonstrated by the arithmetic of the previous paragraph.  As shown there, the compensation principle can sometimes bring about a dominance relationship between pairs of teams for which there exists no Pareto relationship.

To be sure, the compensation principle cannot always convert a Pareto non-relationship into a dominance relationship.  For example, if we denote Connecticut as Team C and North Carolina as Team D, then 
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 (0.813 < 0.867).  Therefore, UNC is neither Pareto-superior nor Pareto-inferior to UConn.  Furthermore, 
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 (0.593 > 0.584) but 
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 (1.406 < 1.451), so no dominance relationship exists between UNC and UConn because the margin by which UNC out-performs UConn in the most important category (0.593 – 0.584 = 0.009) fails to compensate for the margin by which UNC is out-performed by UConn in the second most important category (0.867 – 0.813 = 0.054).

To visualize the relationship between Pareto-superiority, domination, and the compensation principle, let us temporarily move from four performance dimensions to only two performance dimensions in order to consider a two-dimensional diagram in which the most important performance dimension, W2, is measured along the horizontal axis and the second most important performance dimension, 
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) shows the set of all outcomes Pareto-inferior to UNC.

In this two-dimensional space, a team is dominated by UNC if its 
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.  The second of these two weak inequalities is shown by the triangular area where 
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.  This encompasses the rectangular region of teams that are Pareto-inferior to UNC plus the trapezoidal region above this rectangle where the compensation principle kicks in.  (The trapezoid is bounded above at 
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In the upper trapezoid, a team is compensated-inferior to UNC if (a) it is not better than UNC in the most important performance dimension 
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, and (c) the margin by which it is worse in the more important performance dimension is greater than or equal to the margin by which it is better in the less important performance dimension: 
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, and therefore UNC dominates even though it is not Pareto-superior.  Since UConn is located at 
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, we see that (a) and (b) are satisfied but (c) is not, and as noted before there is neither a Pareto relationship nor a dominance relationship between UNC and UConn.
Although the existence of a dominance relationship does not necessarily imply the existence of a Pareto relationship (as demonstrated by the example of Michigan State and Villanova), the existence of a Pareto relationship necessarily implies the existence of a dominance relationship.  Returning the discussion to all four performance dimensions, suppose 
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and assume Team A is Pareto-superior to Team B if at least one weak inequality is replaced by a strong inequality.  Now, suppose
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Consequently, 
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; in other words, Team A dominates Team B.  By transitivity, domination is also established if one of the weak inequalities within 
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 is replaced by a strong inequality, and therefore the existence of a Pareto relationship implies the existence of a dominance relationship.

In sum, the existence of a Pareto relationship necessarily implies the existence of a dominance relationship, but the existence of a dominance relationship does not necessarily imply the existence of a Pareto relationship.  Sometimes the compensation principle does convert a Pareto non-relationship into a dominance relationship, and sometimes it does not.  Overall, with 343 teams in Division 1 NCAA basketball, there are 58,653 different pairs of teams
.  For some pairs, there will be no dominance relationship and no Pareto relationship, as exemplified by the UConn-UNC pair.  The rest of the pairs will display dominance relationships, and some but not all of the relationships also will be Pareto relationships.  The MSU-VU pair is a dominance relationship but not a Pareto relationship.  A quick inspection of Table 1 reveals the UNC-VU pair as a dominance relationship and as a Pareto relationship.  With 58,653 different pairs of teams, there is great potential to discern many more dominance relationships than Pareto relationships.  Thus, a Net Dominance Metric equal to Teams Dominated minus Teams Dominated By appears to hold much greater promise for providing a wider range of outcomes than a Net Pareto Metric equal to Teams Pareto Superior To minus Teams Pareto Inferior To.  By varying across a wider range, the Net Dominance Metric consequently would generate a ranking with fewer ties than a ranking generated by a Net Pareto Metric.

2.2
Ranking Basketball Teams versus Ranking Cyclists

Before turning to the ranking of all 343 teams who competed in the highest division of college basketball in the U.S. during the 2008-9 season, we briefly contrast our application of the Cherchye-Vermeulen ordinal approach to ranking college basketball teams with Cherchye and Vermeulen’s own application of the Cherchye-Vermeulen ordinal approach to ranking Tour de France cyclists.  First, the homogeneity of our performance dimensions – all four are winning percentages – permits us to apply the Cherchye and Vermeuelen ordinal ranking methodology more cleanly than they were able to do in their Tour de France study – where their six performance dimensions included some heterogeneity.  Since the four dimensions we use to rank college basketball teams are all winning percentages, and therefore they all are bounded below by zero and above by one:  
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.  Our inclusion of four continuous variables, which all have [0,1] ranges, facilitates a cleaner application of the compensation principle (which always involves summing across multiple performance dimensions).  By contrast, in the application of their methodology to ranking Tour de France riders, Cherchye and Vermeulen’s six performance dimensions are listed as follows from most important to least important, with accompanying ranges for their top 30 ranked cyclists:  (1) Total first place overall finishes ( [0,6], (2) Total second place overall finishes ( [0,6], (3) Total third place finishes overall ([0,5], (4) Total red polka dot jersey overall wins ( [0,6], (5) Total green jersey overall wins ( [0,6], and (6) Total individual day (stage) wins ( [0,34].
  While the five most important dimensions in the Cherchye-Vermeulen model feature similar ranges, the sixth category displays results across a much larger range.  Consequently, Jacques Anquetil, who won 5 Tours de France, finished 3rd once, and recorded 16 day victories to earn a 6-dimension sum of 22, fails to dominate Andre Darrigade, who never finished 1st, 2nd, or 3rd in the Tour, but won 2 green jerseys and achieved 22 individual stage wins for a 6-dimension sum of 24.  Though the ordinal approach of Cherchye-Vermeulen is especially attractive in scenarios where performance dimensions facilitate apples-to-apples comparisons (as winning percentages do), it can be problematic if any performance dimension is an orange among apples (as is the sixth dimension listed above relative to the preceding five).   A consequence of this apple-orange problem is exemplified by a 5-time champion (Anquetil) failing to dominate a rider who never finished in the top three (Darrigade).  

Additionally, the application of Cherchye and Vermuelen’s ordinal methodology to ranking Tour de France cyclists suffers from another small problem: each time Lance Armstrong or any other champion finished in first place in the Tour de France, he was unable to simultaneously finish in second or third place.  In the Cherchye-Vermeulen application, second and third place finishes are the second and third most important indicators, respectively; thus, each time a champion such as Armstrong finishes first, he is simultaneously scoring two zeroes in the two next most important categories.  In contrast, when applying Cherchye and Vermeulen’s ordinal methodology to ranking NCAA basketball teams by using the importance-ordering of performance dimensions implicit in the RPI, having a high result in one category (e.g., own home winning percentage) does not prevent a team from having a high result in another (e.g., own road winning percentage).  To be sure, if a team has a high result in opponents’ winning percentage, then it is playing a tough schedule of games, and the difficult schedule might adversely affect the team’s ability to have a good own home winning percentage as well as a good own road winning percentage.  Still, facing a group of tough opponents need not prevent a team from compiling excellent winning percentages both at home and on the road, as outstanding teams such as North Carolina, which won 93.3% of their home games and 81.3% of their road games despite the fact their opponents won 59.3% of their games, demonstrate.
3 Results

The NDM column in Table 2 below shows the 66 highest Net Dominance Metric outcomes emerging at the end of the 2008-9 Division 1 college basketball regular season (but before the start of the NCAA tournament).  As we discussed in the previous section, the Net Dominance Metric for a hypothetical Team A is determined simply as the difference between the following quantities:

NDM = # of Teams Team A Dominates – # of Teams that Dominate Team A

Since there were 343 teams in Division 1 during the 2008-9 season, and since the definition of domination means a team dominates itself, the highest possible outcome for the Net Dominance Metric is 343 – 1 = 342.  The highest NDM earned by any team turned out to be Duke’s 334.  The NDM outcomes appear in descending order, and the corresponding NDM ranking appears next to each NDM outcome.  Mindful that the criteria for determining any dominance relationship should preserve the importance ordering implied by the cardinal coefficients used to determine the RPI, the RPI rank for each team at the end of the 2008-9 regular season appears alongside each NDM rank.  The subsequent column takes the difference between the NDM rank and the RPI rank; a positive outcome in this column indicates a team the NDM would deem to be over-rated by the RPI, and a negative outcome indicates a team the NDM would regard as under-rated by the RPI.  Overall, the positive and negative values, which range from – 28 to 32, are revealing: even though the NDM emerges from dominance criteria which preserve the importance ordering of performance dimensions implicit in the RPI formula, the ensuing NDM ranking can display pronounced differences from the RPI ranking.

Table 2

	
	NDM
	NDM

Rank
	RPI

Rank
	NDM Rank

Minus

RPI Rank
	Automatic

Bids
	NCAA

At Large

Bids
	NDM

At Large

Bids
	RPI

At Large

Bids
	Robust

At Large

Bids

	Duke
	333
	1
	1
	0
	1
	
	
	
	

	Michigan State
	331
	2
	6
	-4
	
	1
	1
	1
	1

	Pittsburgh
	328
	3
	2
	1
	
	2
	2
	2
	2

	Louisville
	324
	4
	4
	0
	2
	
	
	
	

	North Carolina
	315
	5
	3
	2
	
	3
	3
	3
	3

	Syracuse
	313
	6
	12
	-6
	
	4
	4
	4
	4

	Oklahoma
	311
	7
	5
	2
	
	5
	5
	5
	5

	Connecticut
	308
	8
	8
	0
	
	6
	6
	6
	6

	Florida State
	306
	9
	15
	-6
	
	7
	7
	7
	7

	Memphis
	302
	10
	7
	3
	3
	
	
	
	

	Villanova
	301
	11
	13
	-2
	
	8
	8
	8
	8

	Utah
	300
	12
	10
	2
	4
	
	
	
	

	Tennessee
	290
	13
	25
	-12
	
	9
	9
	9
	9

	West Virginia
	290
	14
	21
	-7
	
	10
	10
	10
	10

	Purdue
	287
	15
	20
	-5
	5
	
	
	
	

	Xavier
	287
	16
	17
	-1
	
	11
	11
	11
	11

	Illinois
	285
	17
	22
	-5
	
	12
	12
	12
	12

	Clemson
	281
	18
	28
	-10
	
	13
	13
	13
	13

	Kansas
	281
	19
	9
	10
	
	14
	14
	14
	14

	Missouri
	280
	20
	11
	9
	6
	
	
	
	

	Oklahoma State
	280
	21
	19
	2
	
	15
	15
	15
	15

	Washington
	273
	22
	14
	8
	
	16
	16
	16
	16

	Arizona State
	269
	23
	31
	-8
	
	17
	17
	17
	17

	Temple
	268
	24
	30
	-6
	7
	
	
	
	

	BYU
	267
	25
	29
	-4
	
	18
	18
	18
	18

	Wake Forest
	265
	26
	16
	10
	
	19
	19
	19
	19

	San Diego State
	262
	27
	34
	-7
	
	
	20
	20
	

	Ohio State
	255
	28
	32
	-4
	
	20
	21
	21
	20

	Butler
	251
	29
	23
	6
	
	21
	22
	22
	21

	Siena
	250
	30
	18
	12
	8
	
	
	
	

	Gonzaga
	239
	31
	26
	5
	9
	
	
	
	

	Mississippi State
	239
	32
	60
	-28
	10
	
	
	
	

	Baylor
	238
	33
	57
	-24
	
	
	23
	
	

	Texas
	236
	34
	41
	-7
	
	22
	24
	23
	22

	UCLA
	236
	35
	33
	2
	
	23
	25
	24
	23

	Marquette
	233
	36
	35
	1
	
	24
	26
	25
	24

	Virginia Tech
	229
	37
	62
	-25
	
	
	27
	
	

	Texas A&M
	226
	38
	36
	2
	
	25
	28
	26
	25

	Minnesota
	224
	39
	42
	-3
	
	26
	29
	27
	26

	LSU
	221
	40
	37
	3
	
	27
	30
	28
	27

	Michigan
	221
	41
	43
	-2
	
	28
	31
	29
	28

	Wisconsin
	221
	42
	45
	-3
	
	29
	32
	30
	29

	Maryland
	219
	43
	55
	-12
	
	30
	33
	
	

	USC
	217
	44
	38
	6
	11
	
	
	
	

	Northern Iowa
	216
	45
	56
	-11
	12
	
	
	
	

	California
	212
	46
	39
	7
	
	31
	34
	31
	30

	Miami
	212
	47
	65
	-18
	
	
	34
	
	

	Georgetown
	211
	48
	61
	-13
	
	
	
	
	

	Boston College
	207
	49
	59
	-10
	
	32
	
	
	

	Dayton
	207
	50
	27
	23
	
	33
	
	32
	

	UAB
	204
	51
	46
	5
	
	
	
	33
	

	Tulsa
	203
	52
	53
	-1
	
	
	
	
	

	Creighton
	202
	53
	40
	13
	
	
	
	34
	

	Illinois State
	202
	54
	47
	7
	
	
	
	
	

	Kentucky
	200
	55
	79
	-24
	
	
	
	
	

	Utah State
	196
	56
	24
	32
	13
	
	
	
	

	Nevada
	195
	57
	81
	-24
	
	
	
	
	

	Duquesne
	194
	58
	75
	-17
	
	
	
	
	

	Auburn
	191
	59
	64
	-5
	
	
	
	
	

	Western Kentucky
	191
	60
	44
	16
	14
	
	
	
	

	VCU
	188
	61
	49
	12
	15
	
	
	
	

	Cleveland State
	185
	62
	52
	10
	16
	
	
	
	

	UNLV
	177
	63
	67
	-4
	
	
	
	
	

	Providence
	173
	64
	73
	-9
	
	
	
	
	

	Arizona
	170
	65
	63
	2
	
	34
	
	
	

	Davidson
	170
	66
	69
	-3
	
	
	
	
	


Following the column of differences between the NDM rank and the RPI rank is an indication of the 16 “Automatic Bids” to the NCAA basketball tournament; these 16 automatic bids were rewarded to teams who were conference champions and/or won their conference tournament.  An additional 15 teams also were conference champions (and were rated lower than 66th by the NDM), so a total of 31 teams qualified automatically.  For inclusion in the field of 65 tournament teams, 34 at large bids were available.  The actual recipients of the 34 bids are numbered in the “NCAA At Large Bids” column.  There are 66 teams shown in Table 2 because the 34th at large bid went to Arizona, which the Net Dominance Metric ranked in a tie for 65th place with Davidson.

The following column, labeled “NDM at large bids,” shows the 34 teams we would have invited as at large participants in the 2008-2009 post-season tournament if the NDM had been used to complete the field of 65.  The subsequent column, “RPI at large bids,” indicates the 34 at large teams that would have been chosen based solely on the RPI.  The final column of “robust” at large selections shows the 30 teams selected by the committee that also would have been selected by the NDM and the RPI.  

Given 30 robust choices for 34 at large bids, there remain four at large selections subject to debate.  As candidates for the last four invitations, the pool includes Boston College and Arizona (selected only by the NCAA), Baylor, Virginia Tech, and Miami (selected only by the NDM), UAB and Creighton (selected only by the RPI), Maryland (selected by the NCAA and the NDM), Dayton (selected by the NCAA and the RPI), and San Diego State (selected by the NDM and the RPI).  One approach to resolving the debate would be to include any team that received multiple recommendations.  The “multiple recommendation” criterion would yield Maryland, Dayton, and San Diego State for the 31st through 33rd at large bids.  For the 34th spot, we compare the NCAA’s at large choices of Boston College and Arizona with the highest remaining NDM ranked at large candidate, Baylor.

Table 3

	
	
[image: image89.wmf]2

W


	
[image: image90.wmf]road

1

W


	
[image: image91.wmf]3

W


	
[image: image92.wmf]e

hom

1

W


	
[image: image93.wmf]1

S


	
[image: image94.wmf]2

S


	
[image: image95.wmf]3

S


	
[image: image96.wmf]4

S


	BC
	AU
	BU

	Boston College
	0.558
	0.500
	0.540
	0.790
	0.558
	1.058
	1.597
	2.387
	1
	0
	0

	Arizona
	0.582
	0.333
	0.540
	0.824
	0.582
	0.915
	1.455
	2.279
	0
	1
	-1

	Baylor
	0.609
	0.438
	0.540
	0.706
	0.609
	1.047
	1.587
	2.293
	0
	1
	1


Inspection of the four performance dimensions reveals no Pareto relationships among the three teams.  Inspection of the subsequent four sums, however, reveals one dominance relationship:  Baylor over Arizona.  If the dominance result of Baylor over Arizona were applied to fill the 34th at large bid, the last invitation to the 2009 NCAA basketball tournament would have gone to Baylor.

Finally, the Net Dominance Metric illuminates one of the NCAA’s tournament selection committee’s exclusions and one of its inclusions as each being arguably egregious.  San Diego State was excluded even though the NDM ranked SDSU as the 27th best team in the country; an NDM ranking of 27 would have merited the 20th at large bid, which is well ahead of the 34th and final at large invitation.  While SDSU was excluded from the field, Arizona was included even though the NDM ranked the Wildcats as the 65th best team in the country; an NDM of 65 would have corresponded to the 53rd at large bid, which is well below the 34 available.  Moreover, the RPI rankings also would have supported the inclusion of San Diego State and the exclusion of Arizona.

4 Conclusion


Many standard performance measures, when aggregated, fail to deliver.  In the academic literature, the shortcomings of cardinal approaches often lead to “impossibility” theorems and a belief in second-best outcomes.  In the real world, sloppy aggregation leads to the misallocation of resources, questionable promotions in the workplace, and questionable rankings.  This paper was motivated by a frustration with standard assessment tools, and we explored a simple question: are there more robust ways to evaluate performance than standard, cardinal aggregative approaches?

  
In exploring this question, we came upon Cherchye and Vermeulen’s work, which left us realizing there are ordinal approaches available.  Moreover, the ordinal approaches employed by Cherchye and Vermeulen are relatively easy to operationalize.  When done correctly, the ordinal approach is a vast improvement over conventional approaches.  In this paper, we adapted their approach to generating Net Dominance Metrics for ranking Tour de France cyclists to obtaining NDMs – and let us finally now suggest contracting the three-word Net Dominance Metrics into the single-word ‘Dominetrics’ – to rank American college basketball teams.  We believe Dominetrics provides a tool that the NCAA Selection Committee could usefully add to the arsenal of barometers they consult when deliberating over which 34 at-large teams they should invite to their annual post-season tournament.  Moreover, we contend that these more ordinal Dominetrics results come from fewer subjective judgments than the more cardinal RPI, which is arguably the most salient barometer that they currently consult.  If the Selection Committee could have looked at our NDM results alongside their RPI results, perhaps they might have avoided what was perhaps the only mistake they made this past year:  excluding San Diego State and including Arizona.
We view our project as being complementary to Cherchye and Vermeulen and, to a limited extent, an improvement upon their work.  As we stated above, the Cherchye-Vermeulen application to the Tour de France suffered from minor flaws; our application to the NCAA men’s basketball overcomes some of the problems Cherchye and Vermeulen encounter.  In the future, we hope to expand this research beyond sports related topics and apply Dominetrics to country-level performance measures, such as the economic freedom index, and to college rankings, such as the US News and World Report ranking system.  
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Appendix

The authors received computer programming assistance that allowed us to apply the methodology described in the paper to speedily generate a ranking of all 343 NCAA Division 1 teams.  The Excel program appears in boldface below, and we provide accompanying translations (not in boldface) that relate each set of commands to our application of the Cherchye-Vermeulen ordinal methodology.
Sub rankB()

N = Cells(1, 1)

For i = 2 To N + 1

The number 343 (N) is entered into the cell in row 1 and column 1 (Cells(1,1)) of an excel spreadsheet.  343 is the number of teams that played Division 1 basketball during the 2008-9 NCAA season.  On rows 2 (i = 2) through 344 (N + 1) of column 1 of this spreadsheet is a list of the 343 teams.  

In rows 2 through 344 of column 2 of this spreadsheet is each team’s opponents’ winning percentage W2.  In rows 2 through 344 of column 3 of this spreadsheet is each team’s own road winning percentage 
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.  In rows 2 through 344 of column 4 of this spreadsheet is each team’s opponents’ opponents’ opponents’ winning percentage W3.  And in rows 2 through 344 of column 5 of this spreadsheet is each team’s own home winning percentage 
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.

Cells(i, 6) = Cells(i, 2) 

Cells(i, 7) = Cells(i, 2) + Cells(i, 3) 

Cells(i, 8) = Cells(i, 2) + Cells(i, 3) + Cells(i, 4) 

Cells(i, 9) = Cells(i, 2) + Cells(i, 3) + Cells(i, 4) + Cells(i, 5) 

Next i

The set of equations shown above are satisfied for each of the 343 teams in this spreadsheet located from row i = 2 through row i = 344.  The equation Cells(i, 6) = Cells(i, 2) places the results (1 = W2 into rows 2-344 of column 6.  Cells(i, 7) = Cells(i, 2) + Cells(i, 3) places the results 
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 into rows 2-344 of column 7. Cells(i, 8) = Cells(i, 2) + Cells(i, 3) + Cells(i, 4) places the results 
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into rows 2-344 of column 8.  And finally Cells(i, 9) = Cells(i, 2) + Cells(i, 3) + Cells(i, 4) + Cells(i, 5) places the results 
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 into rows 2-344 of column 9.  At this point a matrix of 344 rows and 9 columns has been completed.

For i = 2 To N + 1

    For j = 2 To N + 1

        If (Cells(i, 6) >= Cells(j, 6)) And (Cells(i, 7) >= Cells(j, 7)) And (Cells(i, 8) >= Cells(j, 8)) And Cells(i, 9) >= Cells(j, 9) Then

            Cells(j, i + 8) = 1

This says that if 
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, so that team i dominates team j, then a 1 is placed in the cell located on team j’s row in team i’s column.  On the last line of programming above, notice that team i’s column is the i + 8th column.  Consequently, the first team in the list, which appears in row 2, has teams it dominates indicated by 1s in column i + 8 = 2 + 8 = 10.  Also observe that column 10 is the first empty column that exists after the Cells(i,9) equation created (4 column 9.  The last team on the list, which appears in row 344, has teams it dominates indicated by 1s in column i + 8 = 344 + 8 = 352.

        Else

            If (Cells(i, 6) < Cells(j, 6)) And (Cells(i, 7) < Cells(j, 7)) And (Cells(i, 8) < Cells(j, 8)) And Cells(i, 9) < Cells(j, 9) Then

                Cells(j, i + 8) = -1

This says that if 
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, so that team i is dominated by team j, then a – 1 is placed in the cell located on team j’s row in team i’s column.  

            Else

                Cells(j, i + 8) = 0

            End If

        End If

If neither 
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 – team i dominates team j – nor 
[image: image105.wmf](

)

(

)

(

)

(

)

j

4

i

4

j

3

i

3

j

2

i

2

j

1

i

1

S

<

S

Ç

S

<

S

Ç

S

<

S

Ç

S

<

S

 – team i is dominated by team j – then no dominance relationship exists between team i and team j, and a 0 is placed in the cell on team j’s row in team i’s column.

    Next j

Next i

At this point a matrix of 344 rows and 352 columns has been completed.  Moreover, from row 2 through row 344 and column 10 through column 352 we observe a 343-x-343 matrix of 1s, – 1s, and 0s that indicates dominance and non-dominance relationships between all pairs of teams within the entire set of 343 teams.  Since the four criteria for domination 
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 can be satisfied as four equalities, each team dominates itself.  Consequently, the principal diagonal of this 343-x-343 matrix consists entirely of 1s.

For i = 2 To N + 1

ndm = -1

The Net Dominance Metric = # of Teams Dominated minus # of Teams Dominated By.  If we were to add the 1s, – 1s, and 0s in each column at this point, the 1s along the principal diagonal would cause each column sum to exceed the each team’s Net Dominance Metric by 1.  Consequently, the preceding two lines of programming initialize the Net Dominance Metric to equal – 1.

For j = 2 To N + 1

ndm = ndm + Cells(j, i + 8)

Next j

Cells(i, N + 10) = ndm

Next i

For each team located in column i + 8 = 2 + 8 = 10 through column i + 8 = 344 + 8 = 352, the equation “ndm = ndm + Cells(j, i + 8)” adds the initialized value ndm = – 1 to the sum of the 1s, – 1s, and 0s located in rows j = 2 through j = 344.  For each of the 343 teams located in row 2 through row 344, the resulting Net Dominance Metric is placed into column N + 10 = 343 + 10 = 353. 
End Sub
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� Robert Morse and Sam Flanagan, “How We Calculate the Rankings,” usnews.com/articles/education/best-colleges/2008/08/21/how-we-calculate-the-rankings.html, page 2.


� Although this adjustment has been introduced for the computation of a team’s own winning percentage W1, no similar adjustment has been made to the computation of the team’s opponents’ winning percentage W2 or the team’s opponents’ opponents’ winning percentage W3, which continue to be computed without the weights of 1.4 and 0.6:





�EMBED Equation.3���, and �EMBED Equation.3���





� Data used to generate the Net Dominance Metric results reported in this table originated at two websites:  warrennolan.com and web1.ncaa.org.  From the Warren Nolan website we obtained opponents' winning percentages.  This provided our W2.  The Warren Nolan website also provided data for the RPI itself.  Then the NCAA's website, web1.ncaa.org, had home won-loss records, neutral won-loss records, and road won-loss records.  We used these home won-loss records to compute our � EMBED Equation.3  ���, and we combined the neutral won-loss records and the road won-loss records to obtain our � EMBED Equation.3  ���.  At this point recall the following formulas:�1.  RPI = 0.25(Home Winning %) + 0.5(Opponents' Winning %) + 0.25(Opponents' Opponents' Winning %),  where�2.  Home Winning % = Weighted Wins/(Weighted Wins + Weighted Losses), where��3.  Weighted Wins = 0.6Home Wins + 1.0Neutral Wins + 1.4Road Wins, and�4.  Weighted Losses = 1.4Home Losses + 1.0Neutral Losses + 0.6Road Losses�From the data on the NCAA website, we computed 3, 4, and then 2, which gave us the first term on the right-hand side of the RPI formula on line 1.  From the Warren Nolan website, we already had the RPI result on the left-hand side of the equation on line 1 as well as the second term on the right-hand side.  Equipped with the RPI on the left and the first two terms on the right, we solved for the third term on the right, which is the opponents' opponents' winning percentage, providing our W3.  Finally, all of the data used were as of the end of the conference tournaments after the regular season, and therefore right before the start of the NCAA post-season tournament.


� This is found by “343 choose 2,” or �EMBED Equation.3���.


� Laurens Cherchye and Frederic Vermeulen, “Robust Rankings of Multi-Dimensional Performances:  An Application to Tour de France cyclists,” Table 5:  “A ranking of Modern Tour de France racing cyclists.” 
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