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BALLOT DESIGN AND UNRECORDED VOTES ON
PAPER-BASED BALLOTS
DAVID C. KIMBALL
MARTHA KROPF

Abstract The 2000 presidential election focused attention on the
problem of unrecorded votes, in which a person casts a ballot but fails to
record a valid vote for a particular contest. Although much recent
research has evaluated voting technologies and their effects on unrecorded votes, there has been little research on the effects of ballot
design. We argue that the same theories used to design and evaluate
self-administered surveys can be used to analyze ballot features. We
collect and code paper-based ballots used in the 2002 general election
from 250 counties in 5 states. We code the ballots in terms of several
graphic design elements, including the content and location of ballot
instructions and the layout of candidate names and office titles. Our
analysis suggests that several ballot features are associated with unrecorded votes (both overvotes and undervotes) in the gubernatorial contests. We also find that ballot design features exacerbate the racial
disparity in unrecorded votes. Ballot design can be an important factor
in determining whether voters are able to cast a ballot accurately, which
can influence the legitimacy of elections.
The 2000 presidential election and the Florida recount controversy illuminated the phenomenon of unrecorded votes (in which some voters come to
polling places but fail to cast a valid vote for a particular contest). Roughly 2
million voters (almost 1 out of every 50 to cast a ballot) failed to cast a valid
vote for president in the 2000 election (Caltech/MIT Voting Technology
Project 2001). The Florida imbroglio prompted a new wave of research on
election administration and a flurry of election reform laws in Congress and
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state legislatures, reflecting a concern that real and perceived obstacles to voting
may undermine the legitimacy of elections in the United States.
A large part of the election reform effort has been devoted to replacing outdated
voting equipment, particularly the punch card ballots that were so problematic
during the Florida recount. Hundreds of counties have replaced older voting
technologies with optical scan methods or electronic voting machines since
the 2000 election. Similarly, much recent research has evaluated voting technologies and their effects on unrecorded votes.
In contrast, aside from studies of the “butterfly ballot” used in Palm Beach
County, Florida, in 2000 (Dillman 2002; Kimball, Owens, and Keeney 2004;
Sinclair et al. 2000; Wand et al. 2001), there has been scant research on the
effects of ballot design on unrecorded votes. As a result, researchers and election officials know little about whether ballot features (such as the location
and readability of voting instructions, the graphic layout of offices and candidate names) might confuse voters. However, some election officials have
begun consulting with graphic design experts on ballot layout (Kamin 2004;
Omandam 2002), and scholars have begun noting potentially confusing ballot
features (Dillman 2002; Niemi and Herrnson 2003).
This article examines several ballot features and their impact on unrecorded
votes using theories and concepts from several disciplines. We rely most
heavily on studies of questionnaire design, especially those that address item
nonresponse. We collected and coded paper-based ballots (hand-counted paper
and optical scan) used in 250 counties in 5 states with gubernatorial contests during the 2002 general election. We find that several ballot features are associated with higher rates of unrecorded votes. We also find an interaction between
the racial composition of counties and ballot design features; the elevated rate
of unrecorded votes associated with confusing ballots tends to fall disproportionately on counties with high concentrations of African-American voters.

Previous Literature Examining Unrecorded Votes
Unrecorded votes are defined commonly as the difference between total turnout and the number of valid votes cast in a certain contest. They occur as the
result of undervotes (intentional or unintentional failures to record a vote) or
overvotes (where voters select too many candidates, thus invalidating the
vote). Theories to explain the incidence of unrecorded votes can be separated
into at least three perspectives. First, scholars argue that some unrecorded
votes are intentional for reasons such as voter fatigue, lack of a desirable
choice, or low information about a contest (e.g., Bullock and Dunn 1996;
Kimball, Owens, and Keeney 2004; Wattenberg et al. 2000).
Second, some researchers argue that accidental undervotes and overvotes
occur due to faulty equipment or confusing ballot design. For example, Votomatic
punch card ballots tend to produce more unrecorded votes than other voting
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methods (Alvarez, Sinclair, and Wilson 2003; Ansolabehere and Stewart
2005; Knack and Kropf 2003a). Furthermore, error prevention and correction
mechanisms (e.g., precinct counters for optical scan ballots) tend to reduce unrecorded votes (Bullock and Hood 2002; Kimball, Owens, and Keeney 2004;
Knack and Kropf 2003a; Nichols and Strizek 1995; Tomz and Van Houweling
2003). From studying ballots, it appears that the practice of listing candidates
for the same office in multiple columns or on multiple pages produces more
unrecorded votes (Darcy and Schneider 1989; Herron and Sekhon 2003; Jewett
2001; Kimball, Owens, and Keeney 2004; Sinclair et al. 2000). Finally, a
straight-party option (where voters can make a single mark to cast a vote for
all candidates from one party) tends to reduce the frequency of unrecorded
votes (Kimball, Owens, and Keeney 2004).
A third research perspective focuses on equal protection issues, analyzing
the relationship between unrecorded votes and demographic factors. For
example, several studies find more unrecorded votes in precincts and counties
with large populations of minority, low-income, less-educated, or elderly
voters (e.g., Herron and Sekhon 2003; Knack and Kropf 2003a; Sinclair and
Alvarez 2004; Tomz and Van Houweling 2003). Furthermore, the association between socioeconomic measures and unrecorded votes is weaker in
places that use either equipment (e.g., error correction mechanisms) or ballot
features (e.g., a straight-party option) that facilitate completion of a valid
ballot (Kimball, Owens, and Keeney 2004; Knack and Kropf 2003a; Tomz
and Van Houweling 2003). By the same token, the elevated rate of unrecorded votes associated with confusing ballots and voting technology tends
to fall disproportionately on precincts and counties with high concentrations
of poor, elderly, or minority voters (e.g., Darcy and Schneider 1989; Herron
and Sekhon 2003; Kimball, Owens, and Keeney 2004; Knack and Kropf
2003a; Nichols 1998).
Overall, scholars have focused more on the impact of voting technology
than ballot design. Recent exceptions include Dillman’s (2002) critique of the
“butterfly ballot” from Palm Beach County and a study by Niemi and Herrnson
(2003) that identifies several ballot features in different states that may be
confusing. We argue that many ballot features remain unexamined. Moreover,
to our knowledge, little published research compares ballots that are actually
used in different places in order to see which ballot features, if any, correlate
with high levels of unrecorded votes.

Methodology
We examine counties using paper-based ballots in five states from the 2002
elections. Election administration is decentralized in the United States, typically delegated to counties or townships. This produces variation in voting
methods and ballots even within the same states. Thus, the unit of analysis
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for our study is the county.1 We collected ballots from the November 2002
election from counties in five states: Florida, Illinois, Iowa, Kansas, and
Tennessee.2 These states were chosen because they use a variety of voting
methods and ballots, and they featured a competitive gubernatorial race. We
mailed surveys to each county or city election official in these states to ask
for information, including a copy of the ballot, the type of voting equipment
used, the number of ballots cast in the county, the number of votes cast for
each candidate, and the number of overvotes and undervotes cast in the
county. We coded the paper-based ballots in terms of several graphic design
elements, as described in a later section.
We focus on paper-based ballots for several reasons. First, paper-based ballots
most resemble the paper-and-pencil questionnaires covered in the survey
research literature on nonresponse. Other voting methods, including electronic
machines, have a very different user interface than written questionnaires and
paper-based ballots. Second, paper-based ballots are the most commonly used
voting method in the United States.3 Third, the current debate about the security
of electronic voting machines has prompted many counties to purchase optical
scan equipment instead. Finally, even counties that use electronic voting
machines on Election Day use optical scan ballots for absentee voting, which
is rapidly growing.
There are 476 counties in the 5 states chosen for this study. However, we
were only interested in the 261 counties from these states that used paperbased ballots in the 2002 general election. We obtained voting data and ballots
for 250 of the 261 target counties.4 Roughly 4.3 million ballots were cast during
the November 2002 election in the 250 counties in our sample. Twenty counties
in our sample used hand-counted paper ballots, 127 counties used centrally
counted optical scan ballots, and 103 counties used precinct-counted optical
scan ballots.5
To measure the frequency of unrecorded votes for governor in each county,
we calculated the difference between the total number of ballots cast and the
1. Some Illinois election districts within counties (Aurora, Bloomington, Chicago, Danville, East
St. Louis, Galesburg, Peoria, and Rockford) use different equipment and ballots, so they are considered as separate cases.
2. We asked election officials to submit to us one ballot that was most representative of the
county or was from the largest precinct. One might argue that using data from only five states limits the generalizability of this study. Based on 2000 census figures, our sample is quite similar to
the rest of the country in terms of the percentage of African-American residents (13.4 percent in
our sample versus 12.6 percent in the rest of the country), the percentage of Hispanic residents
(10.4 percent versus 12.9 percent), the percentage of citizens over the age of 65 (14.4 percent versus 12.0 percent), the percentage of adults with a high school degree (80.8 percent versus 80.4
percent), and median household income ($37,126 versus $39,699).
3. Nationwide, 39 percent of ballots in the 2002 general election were cast on optical scan ballots
and 1 percent were cast on hand-counted paper ballots.
4. There are missing data for three counties from Illinois, seven counties from Kansas, and one
county from Tennessee.
5. We discovered some counties that have precinct-count optical scan equipment but do not use
the error correction feature. These counties were placed in the central-count category.
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number of votes cast for governor and use it as our dependent variable in the
analyses that follow. The distribution of unrecorded votes across counties is
skewed, with outliers at the high end. In our sample of 250 counties, there were
42,059 unrecorded votes for governor. Unrecorded vote percentages for gubernatorial contests ranged from 0.2 percent to 6.9 percent, with a mean of 1.8
percent. We conducted further analyses on 133 counties in our sample that
provided data on overvotes (selecting votes for more than one candidate) and
undervotes (recording no votes for any candidate). In this smaller sample of
counties, there were 3,303 overvotes for governor and 24,639 undervotes for
governor. Overvotes for governor ranged from 0 percent to 1.97 percent of
ballots cast, with a mean of 0.17 percent, while undervotes ranged from 0.1
percent to 4.77 percent of ballots cast, with a mean of 1.20 percent.

Information Processing and Ballot Design
To our knowledge, there are very few studies that draw on other disciplines to
evaluate ballot design and usability (Callegaro and Peytcheva 2003; Roth
1994). We believe there is a parallel with the survey methodology literature,
which borrows theories and concepts from psychology, graphic design,
usability research, and optometry to examine ways in which the visual layout
and content of a questionnaire influence survey answers, as well as item and
survey nonresponse (for example, see Christian and Dillman 2004; Couper
et al. 2000; De Vaus 2002; Dillman 2000; Dillman, Sinclair, and Clark 1993;
Gower and Dibbs 1989; Jenkins and Dillman 1997; Schuman and Presser
1981; Tourangeau, Couper, and Conrad 2004; Zukerberg and Lee 1997). We
argue that unrecorded votes are the ballot equivalent of item nonresponse in a
questionnaire. In both cases, voters (or respondents) fail to record a selection
from the list of choices on the ballot (or questionnaire). Ballots and selfadministered questionnaires have many features in common, especially when
voting involves making written marks on a paper ballot.
As in self-administered questionnaires, the voter must process verbal, symbolic,
and graphical language when completing a ballot (Christian and Dillman
2004; Dillman 2002; Jenkins and Dillman 1995, 1997). The verbal language
on a ballot includes the written instructions, as well as text that lists offices
and candidate choices. The graphical and symbolic language on a ballot
includes shading, font size, party symbols, the spatial layout of choices, and
other design features. The visual information on a printed form should be
organized so that all readers follow a consistent and efficient path to process
the information on each page.
In reviewing the questionnaire design literature, we identify several criteria
to evaluate the degree to which ballots simplify or complicate the voting process.
Some ballot features are specific to the instructions, such as their location and
readability. Other features are specific to the layout of the candidates, such as
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where the voter marks the ballot, shading and bolding of candidate names and
office titles, and clutter around candidates’ names.6
BALLOT INSTRUCTIONS

Location of Instructions. When considering the entire ballot, one first confronts the fact that voters usually look first at the upper left-hand corner of the
ballot, as is typical in Western culture (Dillman 2000, p. 113; Dillman 2002;
Jenkins and Dillman 1997). This is supported by Roth’s study of voting (1994,
p. 59). In addition, work in survey research indicates that respondents may not
always read the directions (Gower and Dibbs 1989). Thus, some conclude that
instructions should appear just before the response task to which they apply
(Christian and Dillman 2004; Dillman 2000, pp. 98–99; Zukerberg and Lee
1997). The theory here is based on Gestalt psychology’s Law of Proximity:
placing items close together encourages readers to view them as related
(Dillman 2000, p. 107; Wallschlaeger and Busic-Snyder 1992). Finally, when
instructions are placed in the top left corner of the ballot, they appear as
shorter lines of text, which are easier to read and comprehend than long lines
spread over an entire page (Dillman 2000, p. 129; Long et al. 1996, p. 93).
We code the location of voting instructions for each of the ballots in this
study. In 56 percent of the ballots in our sample, voting instructions are in the
top left corner, just above the first contest (see the example ballot in figure 1).
In all but two of the remaining counties, instructions are spread across the
entire width of the top of the ballot (see the example ballot in figure 2).7 This
feature varies within each state in our sample, except Illinois, where all counties listed voting instructions across the top of the ballot. For this analysis, we
create a dummy variable to identify ballots with instructions in the top left
corner. We expect that unrecorded votes are less common in counties where
voting instructions are located in the upper left corner of the ballot.
Readability. Questionnaire design research also indicates that instructions
should be easy to read. Words and sentences should be short and simple, written
in an active, affirmative style (Sanders and McCormick 1993, p. 110; Zukerberg
and Lee 1997). In general, readability describes the ease of processing the information content of written words. To measure the readability of each ballot’s
voting instructions, we type the instructions into Microsoft Word and compute
Flesch-Kincaid Grade Level scores, which indicate the grade level needed to
6. One relatively well known ballot principle is that candidates for the same office should be
listed in a single column, unlike the “butterfly ballot” used in Palm Beach County, Florida, in the
2000 presidential election (Dillman 2002). None of the ballots in our sample listed candidates for
governor in multiple columns, so we do not examine this feature. By and large, election officials
have learned from the case of the butterfly ballot.
7. In one of the two remaining counties, no instructions appear on the ballot, and in the other
county instructions appear in the middle of the ballot below some of the contests. Examples of
other ballots that meet or violate each of the features described in this paper are available online at
http://www.umsl.edu/~kimballd/ballots.htm (accessed September 26, 2005).
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Figure 1. Portion of a ballot with mostly positive features.

Figure 2. Portion of a ballot with mostly negative features.
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understand the text.8 Higher scores indicate documents that are harder to read.
The use and validity of the Flesch-Kincaid scores are supported by other studies
(Heilke, Joslyn, and Aguado 2003; Sanders and McCormick 1993; Tefki 1987).
In our sample the grade level scores for ballot instructions range from fourth
grade to twelfth grade. The mean reading score for our sample is 8.1, suggesting
that the average ballot in our sample required an eighth-grade education to
understand the instructions. The instructions on the ballot in figure 1 are written
at a seventh-grade level, while the ballot instructions in figure 2 are written at
the twelfth-grade level. We expect that unrecorded votes are more common in
counties with high reading level scores for voting instructions.
Spoiled Ballot Instructions. We also examine whether ballot instructions
include a warning about the consequences of spoiling a ballot, as well as
directions for correcting ballot errors. We examine this feature because of our
culturally based practice of trying to correct bad marks when we make a mistake
(Dillman 2002). On optical scan ballots, this often produces an overvote. The
Help America Vote Act of 2002 (HAVA) requires local election officials to
implement more vigorous voter education programs. In particular, HAVA
requires jurisdictions with paper ballots to include instructions on the effect of
multiple votes for a single office and how to correct a spoiled ballot (HAVA
2002, title III, section 301.a.1.B).
Roughly 10 percent of the ballots we examined did not contain any warning or
other information about what voters should do if they spoil their ballots. The
remaining 90 percent of ballots told voters they could turn in their ballots to an
election judge or poll worker and obtain a new ballot if they made a mistake.
However, only a subset of those ballots (22 percent of the sample) included a
warning that votes will not count if the ballot is spoiled. We create a three-category variable to measure the content of instructions regarding spoiled ballots. It is
coded “2” for ballot instructions that warn about the consequences of spoiled ballots and how to correct them (as in the ballot in figure 1); “1” for ballot instructions that only state how to correct a spoiled ballot (as in the ballot in figure 2);
and “0” for ballot instructions that make no mention of spoiled ballots. We
expect that unrecorded votes are less common in counties where ballot instructions discuss the consequences of spoiled ballots and how to correct them.
LAYOUT OF OFFICES AND CANDIDATE NAMES

The Use of Shading and Bolding. When considering the layout of offices
and candidate names on a ballot, we hypothesize that the use of shading and
boldface fonts can help guide people through the voting process. Kahneman
8. The Flesch-Kincaid Grade Level scores are based on the lengths of words and sentences. The
formula for computing the score is (.39 × ASL) + (11.8 × ASW) – 15.59, where ASL is the average number of words per sentence and ASW is the average number of syllables per word. In
Microsoft Word, the “Spelling and Grammar” feature in the “Tools” menu computes FleschKincaid scores for a document.
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(1973) argues that people, while reading text, focus on physically informative
“high contrast areas,” a characteristic that can be used to a questionnaire
designer’s advantage (Dillman 2000, p. 106; Jenkins and Dillman 1997,
p. 11). The appropriate response choices (e.g., the list of candidates) can be
identified more quickly if they are differentiated from other questions and
instructions on a ballot (Redline and Dillman 2001). Shading certain sections
of text can encourage the appropriate grouping of information and guide the
respondent from one task to the next on the ballot (Design for Democracy
2002; Dillman 2000; Dillman, Sinclair, and Clark 1993; Omandam 2002).
Also, boldface text may be used to highlight the questions or office sections
on which a voter is working, while non-bolded print may be used for the candidates, to make the candidates different from the office names and highlight
the response task (Dillman 2000, p. 118).
Design features such as shading and bolded text are generally left to local
election officials, so there is substantial variation in the use of these ballot
features within each state in our sample. Most ballots in our sample (63 percent) do not have any shading (as in figure 2). The remaining ballots employ
shading to highlight each office or groups of offices, such as federal offices
or state offices (as in figure 1). We create a dummy variable to identify ballots that use shading to draw attention to different offices. We expect fewer
unrecorded votes in counties with ballots that use shading in this manner.
Furthermore, most ballots in our sample (61 percent) do not use boldface
text or shading to highlight candidates for office or make the candidate
names stand out from the office for which they are running (as in figure 2).
Again, we create a dummy variable to identify ballots where candidate names
are differentiated from office names in terms of boldfaced text or shading (as
in figure 1). We expect unrecorded votes to be less common in counties that
use shading or bolded text to differentiate candidate names from office titles.
Finding the Correct Box or Oval to Mark. One possible reason for high
levels of unrecorded votes may be that voters are marking the wrong box for
their chosen candidate. Aside from the simple positioning of the choices, survey methodology research indicates that there should be no ambiguity about
which box or circle corresponds to each candidate, in keeping with the Law
of Proximity. The “relative closeness” of items to each other can cause
respondents to see the items as a related group (Roth 1994, p. 63; see also
Jenkins and Dillman 1997). Ballots often divide a page into two or three columns of offices and candidate names, so confusion may arise if spots for
marking a vote appear on both sides of a candidate’s name. The ballots in our
sample are coded as to whether there is a circle, arrow, or box on both sides
of the candidate names (as in the contests for Congress and governor in figure 1). Even though most ballots have the response location and the candidate
names left-justified, approximately 22 percent of ballots in our sample have
marking areas on both sides of the gubernatorial candidates’ names, leaving
some confusion about where to mark a vote in those races. We expect unrecorded
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votes to be more common in counties where ballots have spots for marking a
vote on both sides of candidate names.
Clutter around the Candidates. Election officials or state legislatures
sometimes require that ballots include extra detail (such as a candidate’s
occupation or hometown). However, this may be a misguided effort to help
voters. Survey researchers advise against putting any extraneous text near the
response options on a questionnaire (Babbie 1990; Dillman 2000). Niemi and
Herrnson (2003) apply that criterion to ballots, arguing that some ballots
include too much information, beyond a candidate’s name and party affiliation. In addition, listing candidates for governor and lieutenant governor
together (in states where they run as a team) can add clutter to the ballot. The
names of lieutenant governor candidates should be indented and there should
be extra spacing between teams of candidates to avoid crowding the names of
the candidates for governor. We attempt to measure clutter by creating a
dummy variable to identify ballots that violate these principles. About 64
percent of ballots in our sample have excessive clutter around the candidate
names for governor (as in the ballot in figure 2). In some cases, clutter is a
result of state law. For example, for statewide contests in Kansas, ballots are
required to list a candidate’s city of residence (Kansas Statute No. 25-613).
We hypothesize that more clutter around candidate names on the ballot will
result in higher rates of unrecorded votes.
OVERALL INDEX OF BALLOT FEATURES

Finally, for each county in our sample we compute an overall index of the ballot
features described above. Since each ballot feature except for the readability of
ballot instructions is measured as a categorical variable, the index is a count of
the number of simplifying and complicating features on a ballot. The continuous
measure of the grade level of ballot instructions is recoded to a three-category
measure of low (fourth grade to eighth grade), medium (ninth grade to eleventh
grade), and high (twelfth grade and above) reading levels to incorporate it into
the summary index.9 In creating the index, we sum features hypothesized to
simplify the voting process and subtract features hypothesized to make voting
more difficult. None of the ballots in our sample was perfect on all indicators
(which would be an index score of +5), and none of the ballots in our sample
failed on all of the features (which would be an index score of –4). The ballot
in figure 1 has a score of +4 in the ballot index, while the ballot in figure 2 has
a score of –2 on the ballot index. The ballot index values in our data range from
–3 to +4, with a mean of 1.1 and a standard deviation of 1.7.
As a preliminary step, we examined bivariate relationships between unrecorded votes and each ballot feature described above (presented in an online
appendix to this article). Each of the bivariate relationships is in the expected
9. The low reading level is coded as “0,” medium is coded “1,” and high is coded “2.”
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Frequency of Ballot Features in Sample Counties by State

Ballot Feature
Instructions in top left
corner of ballot
Mean grade level of
instructions (SD)
Instructions mention how
to correct a spoiled ballot
Instructions warn about the
consequences of a
spoiled ballot
Shading to identify
different offices
Bolded text to differentiate
offices from candidate
names
Possible confusion in
marking governor votes
Clutter around
candidate names
Mean index of
ballot features (SD)
Number of counties in
sample

Florida

Illinois

Iowa

Kansas Tennessee Total

33%
6.7
(0.6)

0%
8.5
(0.3)

77%
6.9
(1.2)

57%
10.2
(1.1)

90%
6.0
(1.1)

56%
8.2
(1.9)

100%

100%

72%

98%

80%

90%

98%

0%

0%

0%

30%

22%

44%

67%

71%

2%

10%

36%

87%

60%

14%

31%

50%

40%

23%

33%

8%

34%

10%

22%

12%
3.3
(0.7)

20%
0.8
(1.1)

72%
1.4
(1.0)

100%
–0.5
(0.9)

0%
2.4
(1.1)

64%
1.1
(1.7)

52

15

78

95

10

250

direction: unrecorded vote rates are higher when a confusing ballot feature is
present and lower when a simplifying feature is present. Each ballot feature
except for the location of instructions has a statistically significant bivariate
association with unrecorded votes. In the multivariate analyses that follow, we
use the index of ballot features as the primary independent variable. We believe
that each of the ballot features described above derive from the same basic
design principles. In a factor analysis, each item loaded on the main factor in the
direction we hypothesized: positive for simplifying ballot features, negative for
complicating ballot features. In addition, using the ballot index instead of separate measures for each ballot feature substantially reduces multicollinearity. We
expect the summary index to be negatively correlated with unrecorded votes.10
Table 1 summarizes the frequency of the ballot features described above in
each state of our study. There is a great deal of variation across states and within
states. With one exception, there are few cases where 100 percent or 0 percent
of a state’s counties share the same ballot feature. The one exception is the case
of spoiled ballot instructions. Almost all Florida counties warn voters of the
consequences of a spoiled ballot, while no counties in Illinois, Iowa, or Kansas
10. Cronbach’s alpha (a measure of scale reliability) for our index of ballot features is .56.
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warn of the consequences of a spoiled ballot. In addition, almost all counties in
Florida, Illinois, and Kansas include instructions for correcting a spoiled ballot.
We believe that the variation in ballot features is due to the fact that most ballot
design and printing decisions are made by local election officials who are not
trained in survey or graphic design methods. The next section describes a multivariate analysis to more rigorously test our ballot design hypotheses.

Multivariate Analyses
To assess the impact of ballot features, we estimate a model of unrecorded
votes in the 2002 gubernatorial elections for the counties in our sample. The
model includes the ballot index, as well as several control measures as explanatory
variables. For controls, our multivariate analysis includes two other ballot
characteristics that are expected to affect unrecorded votes. One variable measures whether the ballots in our sample contain a straight-party option. The
straight-party feature is not a matter of discretion for county election officials, for
it is either required or banned by state law. Iowa is the only state in our sample
that requires a straight-party option on the ballot. We expect the option to simplify the voting task and thereby reduce unrecorded votes.
For optical scan voting systems, there are two ways to mark a ballot. Voters
either darken an oval (see the ballot in figure 2) or connect the point and stump of
an arrow next to the name of their preferred candidate (see the ballot in figure 1).
The connect-the-arrow format tends to produce a higher number of unrecorded
votes because this is a task with which voters are not generally familiar (Bullock
and Hood 2002). Thus, the ballot in figure 1, which we describe as having several
positive features, also has a significant demerit (the connect-the-arrow format).
Our multivariate model includes a dummy variable for counties with a connectthe-arrow format since we expect more voting errors on these ballots.
Our multivariate analysis includes two voting technology measures. We
include a dummy variable for counties using precinct-count optical scan systems,
since they have a feature that allows voters to detect and correct mistakes,
reducing unrecorded votes. We include a second dummy variable for handcounted paper ballots, leaving central-count optical scan ballots as the excluded
category. At least one study suggests that hand-counted paper ballots yield relatively low rates of unrecorded votes (Ansolabehere and Stewart 2005).
Finally, the model includes several demographic variables that often correlate
with unrecorded votes. These control variables include the percentage of a
county’s residents who are African-American, the percentage who are over
the age of 65, the percentage of adults with a high school degree, and the natural
log of the county’s population, all obtained from the U.S. Census Bureau.
Based on previous studies, we expect unrecorded votes to be positively correlated with the size of the African-American and elderly populations and negatively correlated with the percentage of high school graduates. As for
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population, previous studies indicate that the smaller the county, the larger the
number of unrecorded votes (Brady et al. 2001; Kimball, Owens, and Keeney
2004; Knack and Kropf 2003a, p. 887). This finding may be due to election
administration—larger urban counties tend to have more professional operations than smaller rural counties. Thus, we expect the natural log of the population to be negatively correlated with unrecorded votes.11
The dependent variable is the number of ballots cast in each county that fail
to record a valid vote for governor. There are concerns that least squares
regression does not adequately capture the data generating process for unrecorded
votes. First, the number of unrecorded votes has a lower bound of zero, but
least squares regression models do not constrain the expected value to be
greater than or equal to zero. Second, counts of unrecorded votes have a
strongly skewed distribution: most observations cluster slightly above zero
with a long tail extending in the positive direction.
As a result, we estimate a negative binomial regression model more appropriate where the dependent variable is a count.12 The negative binomial model is
used when there is “overdispersion” in count data (Long 1997), meaning that
there is higher than expected variation in the dependent variable. Overdispersion
can occur in count data if events are clustered in particular locations or time
periods. For example, an unrecorded vote in a particular precinct or county may
be linked to more unrecorded votes in the same place (because of faulty equipment in that location, for example). The negative binomial regression model
estimates an extra parameter (alpha) to test for overdispersion.
We also modify the generic negative binomial regression model. Since the
number of voters in each county varies dramatically, we weight each county
by the number of ballots cast, which has the effect of counting each voter
equally. In other words, it prevents the results from being overly influenced by
the many small counties that have relatively few voters. It is also possible that
observations within the same state are not independent, due to unobserved
state-level factors (such as state administration or political culture). Thus, we
estimate standard errors that are corrected for the clustering of counties within
a state (Williams 2000).13
11. Two potential control variables are the number of candidates for governor on the ballot and
the ballot placement of the governor’s contest (as a test of the ballot fatigue hypothesis). Too few
candidates may indicate too few choices for voters, but too many candidates may cause confusion
for voters. We do not include either measure in this study because there is little variance on these
measures for the states in this study. Adding either control produces an insignificant coefficient
and does not change the other results.
12. Bullock and Hood (2002) and Sinclair and Alvarez (2004) also estimate negative binomial
models to examine unrecorded votes.
13. We use the nbreg command in Stata version 8 to estimate the model. The corrected standard
errors are specified by the “cluster” option. The total number of ballots cast in a county is used to
standardize the counts with the “exposure” option. This simply accounts for the fact that there are
more opportunities for unrecorded votes in larger counties than in smaller counties. Long and
Freese (2001, pp. 241–50) describe the negative binomial model and the exposure concept. Some
might prefer using ordinary least squares (OLS) regression to model the unrecorded vote rate. OLS
regression analyses (available from the authors) produce similar results to the ones reported here.

522

Kimball and Kropf

The results of our negative binomial regression analysis are presented in
table 2. The first column provides the results of a baseline model that includes
the index of ballot features, voting technology, and demographic measures as
independent variables.14 The second model in table 2 includes an interaction
between the index of ballot features and the percentage of African-American
residents in a county. To assess the substantive impact of each independent
variable, negative binomial coefficients do not yield straightforward interpretation. As a result, we use the model estimates to compute the percent change
in the expected number of unrecorded votes given a change in a particular
variable, while holding the other variables constant. These “percent change”
calculations are included in table 2.15
In general, our analyses suggest that ballot design features affect the rate of
unrecorded votes in the way we hypothesize. The substantive impact of the
ballot index is strong as well. Based on the results in model 1, moving from
one standard deviation below the mean to one standard deviation above the
mean of the ballot index reduces the expected number of unrecorded votes by
58 percent, holding other factors constant. Compared to the percent change
calculations for all other independent variables in the model, the ballot index
has the strongest substantive impact on unrecorded votes.
Considering other ballot features, we find that a straight-party ballot option
does not significantly reduce the frequency of unrecorded votes, while unrecorded votes are more common on ballots with a connect-the-arrow format.
Holding all other factors constant, the connect-the-arrow format increases the
expected number of unrecorded votes by 15 percent. The controls for voting
technology and demographics tend to support the findings of past studies. We
find that unrecorded vote rates are substantially lower in counties using
precinct-count optical scan systems, which have an error correction mechanism not available in counties using hand-counted paper ballots or centrally
counted optical scan ballots. At the same time, the frequency of unrecorded
votes is no higher on hand-counted paper ballots than on centrally counted
optical scan ballots.
We also find that unrecorded votes are more common in counties with large
concentrations of African-American voters. We also find a significant interaction between race and the ballot index (model 2 in table 2), suggesting that
well-designed ballots minimize the impact of race on unrecorded votes. To
14. Adding each ballot feature as a separate explanatory variable (instead of the ballot index)
causes a high level of multicollinearity in the regression model and only slightly improves the
goodness-of-fit.
15. For dummy variables, we calculate the expected percent change in unrecorded votes when
switching from one category of the independent variable to the other category (e.g., when switching from a darken-the-oval ballot to a connect-the-arrow ballot). For other independent variables,
including the ballot index, we compute the expected change in unrecorded votes when switching
from one standard deviation below the mean to one standard deviation above the mean. We use
the listcoef suite of commands developed for Stata by Long and Freese (2001, pp. 232–34) to calculate the percent change in expected values reported in tables 2 and 3.
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Table 2. Multivariate Analyses of Unrecorded Votes in the 2002
Gubernatorial Elections
Model 1

Model 2

Explanatory Variable
Coefficient
(SE)
Ballot Features
Index of ballot features
Straight-party option
Connect-the-arrow format
Voting Technology
Error correction feature (in
precinct-count optical scan)
Hand-counted paper ballot
Demographic Controls
Percent African-American
Percent 65 or older
Percent with a high school
degree
County population (natural log)
Index of ballot features ×
percent African-American
Constant
Alpha
Number of Cases
Model χ2

Percent
Change

Coefficient
(SE)

Percent
Change

–.21***
(.03)
–.11
(.11)
.14**
(.05)

–58%

–.15**
(.05)
–.11
(.13)
.11*
(.05)

–44%

–.38***
(.10)
.04
(.15)

–32%

–.38***
(.12)
.14
(.13)

–32%

.012*
(.005)
–.004
(.006)
–.011***
(.001)
–.20***
(.02)

26%

–.83*
(.42)
.10***
(.02)
250
933.3***

–11%
15%

5%

–5%
–12%
–47%

.021*
(.012)
–.009
(.008)
–.009*
(.005)
–.21***
(.02)
–.005*
(.004)
–.93*
(.51)
.10***
(.02)
250
1060.6***

–11%
11%

15%

47%
–10%
–10%
–49%
–29%

NOTE.—The dependent variable is the number of ballots cast that failed to record a valid vote
for governor. Cell entries are negative binomial regression coefficients with standard errors in
parentheses. Standard errors are corrected for nonindependence of errors within states. Observations (counties) are weighted by the number of ballots cast in the 2002 election. The “percent
change” column reports the expected change in the number of unrecorded votes given a change in
a particular variable, while holding the other variables constant. (See note 15 for more details.)
* p < .1, one-tailed.
** p < .01.
*** p < .001.
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demonstrate the conditional relationship, we use the coefficient estimates and
variance-covariance matrix from model 2 in table 2 to calculate the impact of
race on unrecorded votes for different levels of the ballot index. The main
effect of race reported in model 2 (coefficient of .021, standard error of .012)
reflects the impact of race in a county with a ballot index score of 0 (slightly
below average). The significant relationship between race and unrecorded
votes is strongest in counties with poorly designed ballots (a ballot index score
of −3), with a coefficient of .035 (standard error of .022). In contrast, the relationship between race and unrecorded votes is statistically insignificant in
counties with high scores (+3 or above) on the ballot index, where the coefficient
drops to .008 (standard error of .008). This result is consistent with other studies
that indicate that voting procedures designed to help voters tend to minimize
the relationship between race and unrecorded votes.
In addition, unrecorded votes are more common in less populated counties.
Interestingly, the coefficient for county population gets smaller when the ballot
index is added to the equation. In our sample the ballot index is strongly correlated with the natural log of county population (r = .47, p < .001). This suggests
that higher rates of unrecorded votes occur in less populated counties partly
because ballots tend to be more confusing in less populated counties. We also
find that higher levels of education are related to a reduction of unrecorded
votes. Finally, we find no relationship between the percentage of people over
age 65 in a county and unrecorded votes.
EXAMINING OVERVOTES AND UNDERVOTES

We also examine the impact of ballot features on overvotes and undervotes.
The mechanisms underlying overvotes and undervotes may be different.
Overvotes are almost always unintentional, whereas undervotes may be intentional. Put differently, overvotes are almost always the result of voting errors,
while undervotes may result from voting errors or the voter’s intent. We collected
complete data on overvotes and undervotes from 133 counties (slightly more
than half of the counties in our sample). While our conclusions about the predictors of overvotes and undervotes are more tentative due to the smaller sample,
the results support our ballot design hypotheses. We repeat similar models
described above. The dependent variables are the number of ballots cast with
overvotes or undervotes for governor, respectively.
Looking first at overvotes (the first column in table 3), the results indicate
that overvotes are almost entirely a function of ballot features and voting technology, rather than demographics. Furthermore, our results suggest that the
ballot index is a significant predictor of overvotes. Based on the model results,
moving from one standard deviation below the mean to one standard deviation
above the mean in the ballot index produces a 76 percent reduction in the
expected number of overvotes. It is a goal of election officials to reduce the
number of overvotes (which are the result of voting mistakes) to zero. To provide
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Table 3. Multivariate Analyses of Overvotes and Undervotes in the 2002
Gubernatorial Elections
Overvotes

Explanatory Variable
Ballot Features
Index of ballot features
Straight-party option
Connect-the-arrow format
Voting Technology
Error correction feature (in
precinct-count optical scan)
Demographic Controls
Percent African-American
Percent 65 or older
Percent with a high school
degree
County population (natural
log)
Constant
Alpha
Number of Cases
Model χ2

Coefficient
(SE)

Undervotes

Percent
Change

–.34***
(.05)
–.64**
(.25)
1.64***
(.23)

–76%

–1.50***
(.39)

–78%

–.001
(.008)
.010*
(.006)
–.023
(.031)
–.09
(.07)
–2.83
(2.30)
.56***
(.06)
133
118.3***

–3%

–48%
413%

12%
–23%
–20%

Coefficient
(SE)

Percent
Change

–.15***
(.03)
.05
(.16)
–.006
(.09)

–39%

–.26*
(.13)

–23%

.010***
(.002)
–.005*
(.004)
–.005
(.004)
–.24***
(.05)
–1.25*
(.67)
.09***
(.02)
133
581.8***

6%
–1%

21%
–6%
–5%
–49%

NOTE.—The dependent variable is the number of ballots cast with overvotes or undervotes for
governor, as indicated at the top of the column. Cell entries are negative binomial regression coefficients with standard errors in parentheses. Standard errors are corrected for nonindependence of
observations within states. Observations (counties) are weighted by the number of ballots cast in
the 2002 election. The “percent change” column reports the expected change in the number of
overvotes or undervotes given a change in a particular variable, while holding the other variables
constant. (See note 15 for more details.)
* p < .1, one-tailed.
** p < .01.
*** p < .001.

another view of the impact of ballot features on overvotes, we use the negative
binomial estimates in the first column of table 3 to estimate the probability of
zero overvotes for different types of ballots, holding other factors constant at
median values. For poorly designed ballots (with low scores on the ballot
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index), the probability of producing zero overvotes is less than .1, while welldesigned ballots (with high ballot index scores) increase the probability of
zero overvotes to almost .3.
As expected, other ballot and voting technology features are also strongly
associated with overvotes. The connect-the-arrow format increases the
expected number of overvotes by a shocking 413 percent, controlling for other
factors. This is related to the overdispersion in the distribution of overvotes
across counties. Relatively high levels of overvotes are concentrated in a
small number of counties, many of which use the connect-the-arrow format.
We also find that overvotes are substantially less common in counties using
the error correction feature in precinct-count optical scan ballots. Finally, a
straight-party punch reduces the expected number of overvotes.
Our results also suggest that ballot features have a negative and statistically
significant effect on undervotes (the second column in table 3). Furthermore,
undervotes are less common in counties using precinct-count optical scan ballots.
In comparing the two regression models in table 3, it appears that various ballot
features and the precinct-count mechanism have a stronger impact on overvotes than on undervotes. This is consistent with the view that overvotes are
voting mistakes caused by voting technology and procedures, while some
undervotes are intentional and thus unaffected by voting technology, ballot
design, and other election procedures. However, the fact that the ballot index
and error correction features of precinct-count optical scan balloting are significant determinants of undervotes suggests that some undervotes are unintentional, consistent with studies that examine the incidence of intentional
undervoting at the top of the ballot (Knack and Kropf 2003b).
For the demographic control variables, there are two findings worth noting.
First, undervotes are more common in counties with higher concentrations of
African-Americans. Second, less populated counties tend to have higher levels
of undervotes. However, population is unrelated to overvote rates. It appears
that the higher rates of unrecorded votes observed in less populated counties
are due to undervotes but not overvotes. Many small rural counties are outside
major media markets, where most campaigning in national and statewide contests occurs. Thus, higher rates of undervotes in small counties may be due
lower levels of interest in top-of-the-ballot contests in those counties.

Conclusion
In general, we find that ballot format has a significant (both substantively and
statistically) effect on unrecorded votes in the 2002 gubernatorial races we
studied. This should not come as a surprise to scholars who have studied how
the format of self-administered surveys affects nonresponse. These results
suggest that ballot design can be an important factor in determining whether
someone is able to cast a ballot accurately. While unrecorded votes did not
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affect the outcome of the contests we examined, the cumulative effect of poor
ballot design can be substantial, especially where elections are close, as
Florida was in 2000.
Ironically, researchers have spent much effort to determine survey features
that decrease survey and item nonresponse, yet ballots in the United States
receive much less attention. Before the 2000 election, ballot nonresponse was
not a major concern for election officials. In the wake of the Florida controversy
and subsequent legislation intended to reduce the frequency of unrecorded
votes, election officials and researchers have spent more time analyzing
sources of voting errors and pursuing election reforms. However, much of the
reform effort has focused on upgrading voting technology. While new voting
technology is likely to help, as indicated by these results, voting equipment is
not the only source of voting error.
There are several implications of this work. First, we find ballot design effects
in contests where one might not expect to find them—in five, highly competitive
races for governor that appear at or near the top of the ballot. Voters are likely to
be more interested in the governor’s contest than other races on the ballot, and
they are likely to pay closer attention to casting their votes in such a race. This
suggests that ballot design effects may be even stronger in down-ballot contests
that do not capture the interest of voters to the same degree.
Second, while this study only focuses on paper-based ballots, we believe a similar approach is needed to examine ballot design for electronic voting machines.
Given the growing popularity of electronic machines in the United States, it is
important that the interface and layout are easy for voters to comprehend.
Researchers have already begun to apply similar theories of survey response to
computer-based questionnaires (Couper et al. 2000; Tourangeau, Couper, and
Conrad 2004) and electronic machines (Callegaro and Peytcheva 2003).
Third, purchasing new voting equipment can be expensive and difficult
during the current retrenchment in state and local government budgets. In contrast, modifying ballot features to create a less confusing layout is relatively
inexpensive. Buying new voting equipment without paying attention to ballot
design may not produce the desired effect of reducing unrecorded votes
(although the precinct-count optical scan system is one piece of equipment
that reduces voting errors, even controlling for ballot design). Ballot design
deserves closer inspection than it has received thus far, and election officials
should consider their ballot design decisions carefully.
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