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Evaluating a Vote Band Metric for Competitiveness in Colorado Districts 

by Jeanne Clelland, Daryl Deford, Abigail Ezell, Beth Malmskog, and Flavia Sancier-Barbosa 

Colorado law defines a competitive district as "having a reasonable potential for the party 

affiliation of the district’s representative to change at least once between federal decennial 

censuses." Further, “competitiveness may be measured by factors such as a proposed district’s 

past election results, a proposed district’s political party registration data, and evidence-based 

analyses of proposed districts.” In light of a 2016 law that made it possible for unaffiliated 

voters to vote in either major party primary, we observe that a significant incentive for party 

registration no longer exists; indeed, as of December 2019, 40% of Colorado’s active voters 

were unaffiliated. With so many voters’ political preferences not reflected by their registration, 

it is likely unwise to draw conclusions about the partisan makeup of a district from party 

registration data.  Instead, we seek a method to determine whether a district is likely to change 

party, which uses evidence-based analysis of that district’s past election results.  

In general terms, we conducted an experiment that used publicly available election data to 

simulate election results that the past two redistricting commissions would have had access to 

at the times of redistricting (in 2011 and 2001).  Using this data, we test for statistical 

association between a district’s vote returns being within a certain range and that district seat 

changing hands at least once over the course of the decade.  

Intuitively, we may think that a district is competitive if elections are expected to be close.  One 

obvious way to predict closeness would be to look at past election results and see if recent 

elections were close.  This idea is captured by the vote band method of determining 

competitiveness.  We choose a vote band width, for example say 10%, and consider some 

actual recent election, say the Colorado Attorney General race.  Even though the AG race is not 

decided at the district level, a state-wide election like this could give a good proxy for partisan 

voting behavior, which might be obscured in actual district races by incumbency effects. We 

would then classify a district as competitive for this vote band and election if the difference 

between the percentages of votes that each of these candidates get (when votes for other 

candidates are disregarded) is smaller than the vote band.  In the example, if there were two 

candidates for AG, a district would be called competitive by this measure if both got 45-55% of 

the votes within that district.  We classified districts as competitive using many different 

elections, as well as a weighted average of recent elections in the district.  We considered three 

different vote bands, 5%, 10%, and 15%, as well.   

As mentioned above, we would like to use data that would have been available to map-drawers 

at the time they chose the enacted maps.  That would mean using data from 2002 - 2010 to 

evaluate competitiveness for the 2011 enacted maps, and data from 1992-2000 for the 2001 

enacted maps.  This was not feasible because of the particular challenges of working with this 

type of data. More specifically: the finest geographic scale at which voting returns are reported 

is the precinct level.  In the records, precincts are generally numbered by each county using a 

system that encodes the precinct’s congressional district, state senate district, and state house 
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district.  Precinct boundaries can be redrawn by counties at any time, and are very often 

redrawn after each census to match Voter Tabulation Districts recommended by the U.S. 

Census bureau.  Between-census redraws happen fairly frequently in areas of population 

growth or change.  Thus there is a data incompatibility between new districts and older voting 

data—the precincts in the older data cannot be easily matched with new district boundaries.  If 

new district maps were overlaid on old precinct maps (where old precinct maps were labeled), 

it would be possible using GIS technology to approximate the vote totals for the new districts 

from old voting data, but the mismatch of lines would mean that the totals would indeed be 

approximate.  A much greater hurdle is that old precinct maps are not generally stored by 

counties or the state, so this data is essentially lost to the public. Thus we must use data from 

elections conducted using the boundaries of a plan to evaluate the competitiveness of districts 

in that plan. 

 

Figure 1: Weighted average statewide election vote totals for each election year, 2000-2020. 

To approximate voting data that was available to the commissioners, we use election data from 

as soon as possible after the enacted maps were redrawn. However, we observe that there has 

been an overall state-wide partisan shift across the last 20 years.  Averaging results from all 

state-wide races and plotting a line of best fit (as depicted in Figure 1), we find that the average 

Democratic vote share has tended to increase by 0.45% per year.  Thus we consider both raw 

vote totals and vote totals shifted using this factor to extrapolate approximate votes totals from 

the past.  For example, if the AG race above were held in 2004, and if Democrats and 

Republicans each received 250 votes in a district in the actual election, we would subtract 4 

times 0.45% (giving 1.8%) of the total number of votes from the Democratic total and add that 

many votes to the Republican total to approximate returns in the year 2000.  There are 500 
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total votes in this example, and 1.8% of 500 is 9 votes, so the approximated totals for the year 

2000 would be 259 votes for Republicans and 241 votes for Democrats.  This method obviously 

does not perfectly recreate the actual returns from those elections—there is variation due to 

short-term political trends and shifts.   

Competitiveness is not by nature a yes/no variable; that is, it makes sense to talk about more or 

less competitive districts or elections.  However, the state law asks map drawers to “maximize 

the number of competitive” districts at each level.  By our literal interpretation, this asks for a 

yes/no competitiveness classification.  Thus we attempt to determine whether each of the 

three tested vote bands are good predictors of changing hands in real Colorado districts.  

We consider the U.S. Congress, Colorado State House, and Colorado State Senate districts from 

the two most recent decades. Including all categories, there are 107 total districts for each 

decade.  Complete data was available for all 107 of the 2012-2020 districts.  Voting data from 

Larimer and Denver counties was only available in aggregated form for 2004 and 2006 races, 

resulting in some districts being removed from our study for the 2002-2010 districts.  There are 

100 districts considered for 2004 elections and 86 districts considered for 2006 elections.   

Our study uses voting data from one election for each statewide office, one individual district 

representative election, and one presidential elector election for each decade, as well as an 

average (weighted by turnout) of all state-wide elections.  For each election and the average, 

we classify a district as competitive if the extrapolated returns fall within the given vote band.  

We then look at the results of the appropriate district-level elections (i.e. US House for 

congressional districts, State House or State Senate for those districts) through the decade to 

see if the district actually did change hands between parties between the two censuses. This 

creates a 2 by 2 table that counts the number of districts that fall into each category—

competitive + changed hands, competitive + didn’t change, not competitive + changed hands, 

and not competitive + didn’t change.  We then use statistical tests to look for a correlation 

between a district being competitive and it changing hands. 

There are two numbers that statisticians use to measure correlation in this setting: p-values and 

odds ratios.  We briefly explain each here for your convenience.   

• Roughly, a p-value is the probability that the values as extreme as those in a given 2 by 2 

table would have happened if there were no connection between the variables.  A p-

value is always between 0 and 1.  The smaller the p-value, the more unlikely that the 

results would occur without a link between the two, so the more likely that the two 

variables are linked to each other.  A standard cut-off for significant correlation is 

p=0.05.  This means that p-values smaller than 0.05 are considered especially indicative 

of correlation.  Of course, this value is arbitrary and should not be seen as a “magic 

number”.   

• The odds ratio of a table is a measure of the strength of the effect of one variable on the 

other.  Odds ratios can be any number larger than 0.  In this setting, we would look for 

odds ratios larger than 1.  The larger the odds ratio, the stronger the effect.  We 
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compute a 95% confidence interval for the odds ratio, meaning that we can be 95% 

confident that the effect is in the range given.  If that confidence interval contains 1, we 

can’t be 95% confident that there is an effect at all.  Thus one should look specifically for 

confidence intervals excluding 1 in our summary table. 

Complete data and analysis is available upon request.  A summary of p-values and odds ratios 

for all districts in each decade, for both scaled and raw data, is appended here.  

Important conclusions from analysis: 

As we would expect, there is generally a strong correlation between a district’s 
competitiveness as classified by vote bands and that district changing hands sometime in the 
election cycles before the next redistricting. 

All three bands are strongly correlated with changing hands for many elections.  In this range, 
the wider bands were more somewhat more likely to be correlated with changing hands.  The 

15% band was the most likely to produce a significant correlation across all races in our 

analysis.  Though more races are significant with the 15% band, the 10% band was more 

significant for some races, i.e. the p-values were lower in some cases.  The 5% band was least 

likely to be significant, and produced larger p-values than the other bands in almost all races.  

However, the narrower vote bands captured fewer districts that did not change hands, which 

could also be a valuable consideration.  Effect sizes, as measured by odds ratio, tended to be 
larger for the larger two vote bands.  Depending on the race, the 10% or 15% band might have 

a larger effect size. The fact that the state-wide partisan balance of Colorado shifted by about 

5% per decade towards Democrats over the course of these two decades likely contributes to 

these wider bands being better here, because many districts for which changing hands can be 

explained by this partisan shift were not captured in the narrower vote band.  We do not have a 

recommendation for the overall best vote band to gauge competitiveness, but caution that 
different vote bands could be appropriate for different priorities, and the predictive power of 
a given vote band is likely to vary based on statewide political trends. The 10% vote band, 

which we employed in our ensemble analysis work, was chosen as a good compromise between 

excluding districts which don’t change hands and including enough districts which did change 

hands.   Further analysis, testing even larger and smaller vote bands, would be useful to more 

fully understand this parameter. 

Not every election shows a significant correlation or confidently strong effect in both decades 

studied.  The Attorney General, State Treasurer, Senator, Presidential Electors, Governor’s, and 

Individual District races were all found to be *not* predictive for some decade and vote band.  

In some cases, we can look to the particulars of the elections to see why these races were 

unusual for that time.  The weighted average of all statewide races and the CU Regent at Large 

races were good across all categories in this analysis.  However, we do not believe that the CU 

Regent’s race is necessarily always an exceptionally predictive race: it seems more likely that 

any single race has a reasonable chance of being “bad” in any given year, since individual 

election outcomes depend on the particular candidates and conditions of that race.  We 
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hypothesize that the CU Regent’s race just happened to be “good” for the two sampled years, 

but possibly it would be no better than other races in other cases. A candidate with a strong 

personality could make this race deviate from the statewide trend in any given year.  Thus we 
believe that weighted averages of several races would be the most reliable predictor over 
future decades, because this would tend to smooth out the variation of individual elections 
based on the particular candidates.  Using an average that incorporates two years of data (as 

our weighted averages did) would also tend to smooth against short-term political trends (i.e. 

wave years for either party).   

Comparing raw and shifted data, we see that raw data was a better predictor than shifted data.  

This makes sense because the raw data is from closer to the middle of the decade, and many 

districts with elections that were less close at the beginning of the decade would have grown 

closer by the middle of the decade due to state-wide partisan shift.  However, when lines are 

drawn, there is no crystal ball to look a few years into the future.  Thus we believe that the 

shifted data, which attempts to model the information available when lines are drawn more 

closely, is also important to consider.  In an actual redistricting process, we make no claim that 

our linear shift factor of 0.45% per year would be accurate to predict future trends. We would 
tend to favor using recent, raw data for map drawing instead of shifting in any way, in order 
to avoid building assumptions about future political shifts into the competitiveness metric. 

This study shows that the vote-band notion of competitiveness is strongly correlated with 

districts’ changing hands. Though there is always variation from year to year, this correlation 

exists because past partisan vote shares in a district are strongly predictive of future partisan 

vote shares. That means engineering district boundaries so that the past vote shares fall into 
a given vote band is to some extent akin engineering future vote shares.  Thus engineering for 

competitiveness is very similar to and could potentially cross into partisan gerrymandering 

territory.   Colorado map drawers are asked not to draw lines with the objective of benefitting 

any political party, but are asked to maximize the number of competitive districts. Designing 

districts with partisan vote shares in mind must be considered with great caution and gravity to 

avoid partisan gerrymandering.  

The number of districts which would be counted as competitive in past plans depends strongly 

on the choice of vote band.  Expectations for the number of competitive districts in a new 
plan should depend on the vote band chosen.  Choosing a narrow vote band and expecting a 

relatively large number of competitive districts would require extreme manipulation, which 

could potentially create partisan bias, intentional or not.  

Competitiveness doesn’t come for free—any choice to aim for a given partisan balance in a 

given district will have effects on the partisan balance of neighboring districts.  Thus the entire 
map must be considered when seeking to maximize competitive districts, and making one 
district more competitive may have the effect of making other districts less competitive. 

This is a summary report.  For complete analysis and raw data, email Beth Malmskog at 

bmalmskog@coloradocollege.edu 



Correllations and Strength of Effect over All District Types, Raw Data
Office Year 15 VB p-value15 VB odds ratio 15 VB interval bottom 10 VB p-value 10 VB odds ratio 10 VB interval bottom 5 VB p-value 5 BV odds ratio 5 VB interval bottom

AG 2006 ** 4.48 1.41 ** 5.21 1.63 0.18 2.45 0.61
AG 2014 0.08 2.92 0.84 0.15 2.34 0.67 0.18 0.23 0.005

Pres 2004 **** 10.71 3.05 *** 7.36 2.32 ** 5.93 1.47
Pres 2012 ***** 24.02 4.83 ***** 25.31 5.77 *** 18.69 3.35

Senator 2004 **** 12.61 3.26 *** 6.25 2.01 ** 6.17 1.65
Senator 2014 ***** 29.53 4.13 ***** 20 4.07 **** 17.28 4.19

UC Regent 2004 ***** 18.81 4.06 ***** 23.55 6.44 ***** 23.6 5.72
UC Regent 2012 **** 16.91 3.47 ***** 12.82 3.34 ** 10.56 1.94

Gov 2006 0.32 0.57 0.016 0.38 0.47 0.07 1 1.03 0.09
Gov 2014 ***** infinity 6.09 ***** 73.5 9.82 ***** 79.68 12.8
SOS 2006 **** 15.73 3.34 ***** 19.13 4.71 *** 10.47 2.67
SOS 2014 ***** 29.53 4.13 ***** 18.88 3.85 *** 10.23 2.42

Treas 2006 **** 15.74 3.34 ***** 16.26 4.365 ** 5.89 1.5
Treas 2014 **** 26.8 3.75 0.03 3.75 1.07 0.17 2.35 0.55

Average 2004-2006 ***** 5.88 2.06 ***** 10.79 3.6 ***** 12.31 3.21
Average 2012-2014 ***** 19.8 4.33 ***** 14.23 4.35 ***** 8.862 2.2

IDR 2002-2004 ***** 10.36 3.27 ***** 10.31 3.26 *** 7.8 2.28
IDR 2012-2014 * infinity 1.04 *** 10.65 2.79 **** 24.32 4.54

Correllations and Strength of Effect over All District Types, Scaled Data
Office Year 15 VB p-value15 VB odds ratio 15 VB interval bottom 10 VB p-value 10 VB odds ratio 10 VB interval bottom 5 VB p-value 5 BV odds ratio 5 VB interval bottom

AG 2006 * 3.35 1.09 1 1.04 0.29 0.44 0.31 0.01
AG 2014 0.16 2.42 0.7 0.06 0.16 0.0004 0.12 0 0

Pres 2004 ** 5.01 1.61 0.06 2.7 0.86 0.27 2.07 0.41
Pres 2012 **** 16.91 3.47 ***** 27.85 6.28 ** 10.56 1.94

Senator 2004 ***** 19.91 4.29 ***** 13.17 3.87 **** 16.26 3.9
Senator 2014 **** 28.12 3.94 * 4.18 1.19 0.19 2.19 0.52

UC Regent 2004 ***** 25.31 5.39 ***** 26.54 6.55 *** 11.11 2.55
UC Regent 2012 **** 15.23 3.13 ** 6.76 1.81 *** 11.13 2.33

Gov 2006 0.08 2.57 0.85 1 0.9 0.25 1 0.66 0.06
Gov 2014 ***** 29.53 4.13 ***** 48.31 6.63 *** 71.64 12.87
SOS 2006 *** 9.35 2.38 *** 6.87 2.11 * 3.76 1.05
SOS 2014 ***** 28.12 3.94 0.07 3.03 0.86 0.07 3.37 0.86

Treas 2006 ***** 16.8 3.56 ***** 20.84 5.1 ***** 32.34 5.89
Treas 2014 0.15 2.54 0.73 0.14 2.59 0.74 0.29 0.26 0.01

Average 2004-2006 **** 8.68 2.9 ***** 26.54 6.55 **** 16.26 3.9
Average 2012-2014 ***** 13.99 3.67 * 3.96 1.13 *** 10.16 2.58

IDR 2002-2004 *** 10.36 3.27 **** 10.31 3.26 0.09 7.8 2.28
IDR 2012-2014 ** 5.34 1.29 ** 5.2 1.36 * 6.15 1.06

p-values key: value listed means p>0.05. * means 0.05>p>0.01.  ** means 0.01>p>0.001.  *** means 0.001>p>0.0001.  **** means 0.0001>p>0.00001. ***** means 10^(-5)>p


