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ABSTRACT

In this paper we study the experience of individual voters on Election Day, November 2006,
with two widely used voting technologies, optically scanned paper ballots and electronic vot-
ing machines. The focus of our empirical analysis is the relationship between voting tech-
nology and several dependent conditions, including voter satisfaction with their voting ex-
perience, the time it takes to vote, voter confidence that their ballot will be accurately counted,
and self-reported undervotes. We find that a significant portion of the variation between the
two voting technologies in voter behavior and affect is a function of election administration.
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INTRODUCTION

STUDIES OF ALTERNATIVE voting technologies
have shown that how voters cast ballots has

a significant and independent effect on their be-
havior and affect toward the electoral process.
The general finding is that some technologies
tend to increase or decrease the likelihood that
voters will fail to vote for some contests (un-
dervotes) or err in marking their intended
choices. But recent research suggests a signifi-
cant portion of voter “error”1 at the ballot box
is due to non-technological, jurisdictional-spe-
cific factors (Ansolabehere and Stewart 2005).
The specific origins of this jurisdictional effect
are largely unexamined in the extant literature.

In this article we test the efficacy of two dom-
inant voting technologies—optically scanned

paper ballots and electronic voting machines
(in particular, a touch screen machine manu-
factured by ES&S)—in a setting that provides
the advantages of a field experiment conducted
with individual voters under Election Day con-
ditions. We analyze the relationship between
voting technology and several dependent con-
ditions including voter satisfaction, the time it
takes a voter to cast a ballot, voters’ confidence
that their ballots will be accurately counted,
and self-reported undervotes.

In this article we take advantage of an un-
usual circumstance in which voters in the same
election and in the same precincts were given
a choice between two technologies.
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Ph.D. candidate in the Department of Political Science,
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1 Several researchers eschew the term error, preferring to
use the aggregate condition of undervotes to characterize
the inconsistency between voter intent and the recording
of that intent on the ballot. This latter choice is motivated
by the view that there are several causes of this condition
that are beyond the voter’s control. Our use of the term,
however, is not intended to suggest that the sole cause of
error is the voter. We simply prefer to characterize the in-
consistency between voter intent and the recording of that
intent as an error (i.e., breakdown) in the electoral process.



The resulting natural experiment is not an
ideal one, because of the self-selection rather
than a random assignment of voting technol-
ogy by individual voters. Nevertheless, by en-
abling us to study the influence of differing
technologies on voter behavior and affect while
controlling for the differing administrative
practices and personnel in the different
precincts, our research setting provides a rare
opportunity to study how alternative election
technologies interact with precinct level ad-
ministrative procedures and personnel to in-
fluence voter behavior and affect. We know of
no other research that has studied the simulta-
neous use of two voting systems in the same
polling place during Election Day voting. We
find that polling places, their administration,
and their personnel have a significant effect on
voter behavior and affect toward voting sys-
tems, independent of the voting technology
used by voters.

Our article proceeds with a brief review of
the extant literature on voting technology and
our own explanation and hypotheses for the ef-
fect of voting technology on voter behavior and
affect. The third section provides a description
of the research setting, our research design, and
measures. The fourth section reports our find-
ings and we conclude with a discussion in the
final section of the policy implications of our
findings.

PREVIOUS RESEARCH

The five voting technologies currently used in
the United States are hand counted paper bal-
lots, mechanical lever machines, punch cards,
optically scanned paper ballots, and electronic
voting machines (i.e., direct recording electronic
voting machines, or DREs). The two most widely
used technologies are optically scanned paper
ballots and different types of DREs (Electionline
2007). Research has examined how each tech-
nology is related to several dependent condi-
tions, including residual votes conventionally re-
ferred to as undervotes, voter satisfaction, voter
confidence in the accuracy of the voting system,
and the time it takes a voter to cast a ballot.

The residual vote is defined as the difference
between the number of voters who come to the

polls to vote and the number of votes cast in a
given ballot contest. When the number of votes
cast for any one race is less than the total num-
ber of ballots cast we observe residual votes, or
undervotes. Overvotes occur when voters im-
properly mark or select more than one ballot
choice for a single contest. These ballots are in-
variably voided with respect to the contest in
question because voter intent cannot be read-
ily determined.

The most obvious explanation of undervotes
is the existence of weak and anemic candidate
campaigns that fail to inform and mobilize vot-
ers, especially for low-level, obscure offices. Of
greater relevance to election administration are
undervotes that occur despite the voters’ wish
to register a choice for a given office. For ex-
ample, new voting technologies, unfamiliar
even to the most frequent voter, can lead vot-
ers to unintentionally fail to record their pre-
ferred vote choice. Overvotes in particular are
most often attributed to ballot design, voting
technologies, and the interaction of these fac-
tors with voter attributes (e.g., education, age,
and related physical acuity). Here human fac-
tors interact with technology and ballot design
to produce errors similar to those observed
with the use and operation of consumer prod-
ucts (Greene, Byrne, and Everett 2006; Everett,
Byrne, and Greene 2006; Laskowski et al. 2004;
Roth 1998).

Using different methodologies (experimen-
tal and aggregate studies), research settings
(precincts, cities, and states) as well as a mix of
different voting technologies, the extant re-
search has found that paper ballots, both hand
counted and optically scanned, are signifi-
cantly superior to lever machines, DREs, and
punched cards in reducing the residual votes
(Asher 1982; Shocket, Heighberger, and Brown
1992; Nichols and Strizek 1995; Knack and
Kropf 2003; Kimball, Owens, and Keeney 2004;
Ansolabehere and Stewart 2005). The congruity
of these rankings, however, does not provide
an unambiguous explanation for voting tech-
nology’s effect on the residual vote. Conditions
unique to each technology may interact with
human factors and local election administra-
tion to influence the residual vote. Moreover,
the actual influence of voting technology on re-
sidual votes may be exaggerated. Voters “may
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intentionally abstain in a particular race” (An-
solabehere and Stewart 2005:369) because of a
lack of interest, information, or a preferred
choice among the contesting candidates. These
conditions cannot be attributed to any particu-
lar voting technology nor readily measured
with aggregate/precinct level designs.

Ansolabehere and Stewart offer an important
note of caution about their own and the extant
literature’s conclusions about the effect of vot-
ing technology on residual votes. “[I]t appears
that most of what influences whether votes get
counted is due to population dependent factors
that are distinct from the type of voting tech-
nology used” (2005:383). They conclude:

The incidence of uncounted and spoiled
ballots depends strongly and systemati-
cally on “county” in addition to equip-
ment. . . . We conjecture that this county
effect is substantially the result of local in-
stitutions of electoral administration, such
as the administration of local polling
places or advance instruction to voters
(2005:386).

We concur with this perspective and in this ar-
ticle we test the influence of local electoral ad-
ministration on the incidence of undervotes
and other electoral behaviors and attitudes.

The usability of a voting technology refers to
both the efficient and timely manner with which
voters cast their ballots and the voters’ confi-
dence and satisfaction with the voting technol-
ogy (Brennan Center for Justice 2006). Poor us-
ability can directly contribute to voter error and
to an increase in residual votes. The literature
on human factors and human-computer inter-
actions identifies several principles for the de-
sign of voting technologies directed at improv-
ing the voting experience (Institute of Electrical
and Electronics Engineers 2003). Among the
metrics recommended for usability by the Fed-
eral Election Assistance Commission are a lower
error rate for marking the ballot, efficient oper-
ation (time required to complete a ballot is not
excessive) and satisfaction, meaning that voter
experience is safe, comfortable, and free of
stress, and instills confidence that the voter’s bal-
lot will be accurately counted (Election Assis-
tance Commission 2005).

The empirical research on the usability of vot-
ing technology is limited to vendor-sponsored
studies and a few scholarly studies, mostly fo-
cused on alternative electronic voting machines
(Hernnson et al. 2005). Conrad et al. (2005)
found that several DREs required many more
actions by voters to cast their ballots, which in-
creased the time to complete the voting process
and lowered reported satisfaction with the vot-
ing experience. Curiously, the same authors
find that DREs increase efficiency and voter
confidence that their votes are accurately
recorded, while reducing undervotes and dis-
trust with the voting system. A recent review
of the extant literature observed that “usability
tests may be most valuable not in eliminating
any one problematic feature of a system, but in-
stead in evaluating the performance of a system
as a whole and making clear the tradeoffs elec-
tions must consider in selecting a system”
(Brennan Center for Justice 2006:104).

The tradeoffs between different technologies
may be influenced by how elections are ad-
ministered and the polling places at which they
are held. There is evidence that the perfor-
mance of different voting technologies is de-
pendent on the quantity and quality of Election
Day poll workers (Alvarez and Hall 2006; Hall,
Monson, and Patterson 2007; Atkeson and
Saunders 2007). The number of adequately
trained Election Day workers may have a di-
rect effect on voter usability, satisfaction, and
confidence for different voting technologies. In
addition, the place where one votes, including
the proximity of the polling place to one’s res-
idence or work place, the availability of park-
ing, and the ease of locating the polling place
may structure a voter’s experience with differ-
ent voting technologies.

We expect that the influence of alternative
voting technologies on voter affect and behav-
ior will be mitigated by the quantity and qual-
ity of local election administration. In short,
good policy implementation and administra-
tion can provide voters with an effective, effi-
cient, secure, and usable election system, inde-
pendent of the specific voting technology used.
This is particularly true in the case of jurisdic-
tions that adopt a new voting technology. Here
administrative support staff and polling place
operations can be critical in assisting voters un-
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familiar with the new voting procedures. In
this instance, effective administration can re-
verse or at least mitigate a voter’s negative ex-
perience with a new voting technology.

We hypothesize:

H1: Effective electoral administration will be
negatively related to the incidence of voter
undercounts.

H2: Effective electoral administration will be
positively related to voters’ confidence in the
accuracy with which their ballots will be
counted.

H3: Effective electoral administration will be
positively related to the voter’s ratings of the
ballot system used.

H4: Effective electoral administration will be
negatively related to the time it takes to cast
a vote.

RESEARCH SETTING AND MEASURES

Research on the efficacy and efficiency of al-
ternative voting technologies has been con-
ducted in either an experimental/laboratory
setting or at the precinct level where aggre-
gated voting behavior is observed under dif-
ferent voting technologies. Each research strat-
egy has its own strengths and weaknesses.
Experimental research provides strong controls
for rival explanations but often is unable to
replicate the vote choices individuals make on
(or before) Election Day, lessening our confi-
dence in the generalization of experimental
findings. Aggregate level studies of precinct
voting provide a valid measure of voter be-
havior but are unable to adequately control for
rival explanations, most notably demographic
attributes of individual voters. (Shocket et al.
1992). Another omitted variable in most re-
search on the impact of voting technology is the
administrative structure and support voters re-
ceive at their respective voting places on Elec-
tion Day.

To test our central thesis we collaborated
with the County Clerk of Jefferson, Texas to
evaluate two different voting technologies
used on Election Day November 6, 2006. Pre-
vious to the 2006 mid-term election scanned
paper ballots were used in Jefferson County

elections. As part of a program to evaluate a
new voting system, Election Day voters in Jef-
ferson County were given a choice between a
touch screen voting machine manufactured by
ES&S or a scanned paper ballot.2 We inter-
viewed a sample of Election Day voters about
their voting experience (N�526) as they left
their polling places.3 We constructed several
measures of self-reported voter behavior and
affect including a scale score that measures the
usability of the voting system, a scale score that
measures the usability of the polling place, self-
reported undervotes, self-reported time it took
to vote, and voter confidence in the integrity of
the voting system. In addition, we collected in-
formation on self-reported voting history, prior
experience with each type of voting technol-
ogy, and selected demographics, namely age,
income, education, and partisan affiliation.

Descriptive summaries

Before discussing the hypothesis tests, it
might be useful to discuss which ballots the
voters’ chose on Election Day. 82.5% of our ran-
domly selected voters reported using the
DREs.4 This finding was notable not only for
the large proportion of voters that reported us-
ing the DREs, but also for how consistent the
rates were across different demographic
groups. Figure 1 displays the proportion of vot-
ers that reported using the DRE across gender,
race, education, and partisan categories.

Regarding gender, there was little difference
as more than 80% of both sexes reported using
DREs, with approximately 1.8% more males us-
ing an electronic ballot. There was slightly more
variation across racial groups, although the sam-
ples were small for some of these groups. The
asterisks in Figure 1 indicate that less than 5%
of the data (fewer than 25 observations) fall into
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2 In-person early voting in Jefferson County was con-
ducted on touch-screen DRE voting machines manufac-
tured by ES&S.
3 Voters were interviewed at 19 of 91 polling places in Jef-
ferson County.
4 We cannot attribute this skewed distribution to the un-
equal availability of DREs and paper ballots at each
polling place. With the exception of one precinct, there
were an equal number of touch screen and paper ballot
voting stations available at each of the voting precincts at
which we conducted exit polling.



that category. Focusing on the larger samples,
there is a difference between black and white
voters, with approximately 8% more whites re-
porting use of a DRE. While black voters re-
ported using DREs at a somewhat lower rate rel-
ative to whites, they nevertheless reported using
a DRE three to one over a paper ballot.

The other categories also show some varia-
tion in DRE usage. Individuals reporting hav-
ing less education also used DREs at a lower
rate, although interviewees with a graduate
degree were slightly less likely to report using
a DRE that those with an undergraduate de-
gree. Interviewees with a grade school educa-
tion were the least likely to use a DRE, although
this group was particularly small (n � 5). De-
mocrats were also less likely to use a DRE than
those who identified as Republican, Indepen-
dent, or Other (the numeric difference between
Democrats and Republicans was 11.91%), but
again, over 75% of Democrats chose the DRE
over a paper ballot.

Figure 2 shows the distribution of age across
ballot usage. From this figure, we can see that
DRE users were slightly younger than those
who used paper ballots, but this difference is
small, with a substantial amount of overlap in
the age of paper and electronic ballot users. We
also examined whether or not there is evidence
that those with greater experience using other
types of technology might be more likely to
choose electronic over paper ballots. We com-

pared respondents that reported using a com-
puter at home or work, and those that reported
using ATMs. The results are shown in Figure
3. The differences are approximately 13% for
computer users, and 11% for ATM users, al-
though again, more than 70% of each group
chose the electronic over paper ballot.

This initial analysis is useful as it provides
information as to which type of ballot the vot-
ers themselves will choose. Additionally it
helps us to determine if there is an identifiable
subpopulation of voters who are especially
likely to choose one type of ballot over another.
There does not seem to be evidence of such sub-
populations, at least in Jefferson County, Texas.

Selection issues

Our primary interest in this article is the in-
fluence of alternative voting technologies and
of different precincts on voter ratings of us-
ability, time to vote, voters’ confidence that
their ballots will be counted, and undervotes.
The major advantage of the data we draw on
is that we can compare the survey evidence us-
ing two forms of technology in the same
precincts.5 The major drawback of our data is
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FIG. 1. Who used the DRE’s?

FIG. 2. Ballot choice and age.

5 We have no reason to believe there might have been a
poll worker effect on the ballot voters chose on Election
Day. According to Jefferson County Clerk Carolyn
Guidry, poll workers at each polling place were respon-
sible for supervising and assisting voters with both paper
and DRE ballots.



that the voters using the different technologies
were self-selected. That is, voters were allowed
to choose between a DRE and paper ballot at
the polling sites. This introduces the possibil-
ity that some unobserved factor is related to
both the voters’ choice of ballot type and the
outcome variables of interest, thus confound-
ing the results.

The selection bias cannot be eliminated as a
concern, but there are several mitigating con-
siderations. The first is that, as we have already
seen, the DRE and paper ballot users are simi-
lar to one another on a range of factors, such
as age, gender, and education. While this does
not preclude the possibility that the groups dif-
fer on some other factor, it provides some in-
direct reassurance that the groups do not dif-
fer substantially on factors that would be
related to those discussed above.

The second is that while the voters choosing
DREs might be relatively predisposed to eval-
uate the DREs favorably, we are comparing
how voters who chose DREs evaluated the
DREs, with how voters who chose paper bal-
lots evaluated paper ballots. Selection bias is
mitigated because the predisposition of DRE
users to rate the DREs favorably should be off-
set by a similar predispotision of paper ballot
users to evaluate the paper ballot favorably.
While the absolute scales for DRE and paper
ballots might appear more positive than if we
had data for the full population of voters, we

can nevertheless compare the two to determine
which was rated more highly. That is, unob-
served factors might lead to better ratings of
the ballots, which is a reason to be cautious
about interpreting the scales individually, but
would be less likely to affect the comparison of
the two ballot types unless the unobserved
variable was a stronger factor for those who se-
lected one method than for those who selected
the other. Although this is possible, there is no
apparent reason that it is likely.

As discussed above, we did not find that pa-
per ballot users were significantly older, less
educated, imbalanced between males or fe-
males, or different from DRE users on any other
factor. While DRE users were far more com-
mon in our data, they were also comparable,
on average to those that reported using paper
ballots. Moreover, a higher percentage of vot-
ers who chose a scanned paper ballot (57%)
over the touch-screen voting machine (45%) re-
ported using this type of voting system before.6
The selection bias, if any, appears to work
against the DRE and in favor of the scanned
paper ballot.

The absence of any significant demographic
differences between the users of paper ballots
and DREs does not mean there is no selection
bias in the data. Without random assignment
of voters to the alternative election systems, it
is difficult to rule out the possibility that there
are imbalances between the groups on unob-
served factors. Moreover, there remains the
possibility that these unobserved determinants
of ballot selection have an independent effect
on reported voter behavior and after. Caution
should be taken with our findings, by consid-
ering them together with existing and future
research.

Measures and analyses

To measure the usability of voting systems,
we asked voters whether they agreed or dis-
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6 The chi-square for this relationship is significant at the
.05 level. To control for the potential effect of prior use of
each voting system we include in our models of voter be-
havior and affect the voter’s prior use of the selected vot-
ing technology. Specifically, voters were asked, “have you
ever used this type of machine before?” More than half
(53%) of our sample of Election Day voters reported “yes”
to this question.



agreed with the following statements about the
voting technology they used on Election Day.7

• I thought the system was easy to use.
• I think that I would like to use this system

again.
• I found the voting system unnecessarily

complex.
• I think that I would need the support of a

technical person to use the system.
• I felt very confident using the system.
• I need to learn a lot of things before I could

get going with the system.

A factor score was calculated for the six items
using an unrotated principal components anal-
ysis.8 A similar set of questions was posed to
voters about their polling place:

• This location was easy for me to find.
• I did not have to go far out of my way to

vote.
• It was easy for me to find a place to park.
• The poll workers were helpful.

Again a factor score was computed for four
items using an unrotated principal components
analysis.9

Our measure of undervotes is based on a
voter’s response to the question: “In about how
many races did you vote today?” Voters could
respond that they voted in all, more than half,
half, or less than half of the races. Those who
reported not voting in all races were coded as
having knowingly undervoted. The official un-
dervote in the Jefferson County, Texas 2006
mid-term election was 16%. This figure is
based on the difference in the number of votes
cast for the U.S. Senate (i.e., the first race on
the ballot) and for the County Criminal Court
Position #1, the last race on the Jefferson
County ballot. The self-reported under count
among our sample of Jefferson county voter
was 20%.

Our measure of undervotes is not directly
comparable to the aggregate measure obtained
from the official canvass. The latter measure of
undervotes includes uncounted ballots that
arose from errors made by the voter as well as
any errors caused by the voting technology
used and other errors in electoral administra-

tion. Our self-reported measure of under
counts represents what voters recall about the
completeness of their ballots. Our inference
about the hypothesized relationship between
self-reported undervotes and voting technol-
ogy is that the usability of the voting technol-
ogy, independent of other reasons for under-
votes (e.g., voter indifference and low salience
for some races), influences the likelihood a
voter will or will not vote in all races. We are
able to test the effect of voting technology on
undervotes against alternative explanations for
this condition including voter interest, salience,
and experience with the inclusion of control
measures for these explanations in our model
of undervotes.

We assessed voter confidence in the voting
system with the question: “I am confident that
my vote will be counted accurately.” Voters
were asked if they agreed or disagreed with
this statement using a five point scale
(1�strongly disagree and 5�strong agree). A
majority of voters (66%) strongly agreed with
the statement.

Finally, we asked voters “how long did it
take you to vote?”10 The modal response to this
question was less than five minutes. A signifi-
cantly larger proportion of voters using the
touch screen voting machine (84%) reported
taking less than five minutes to vote than was
reported by voters who voted on a paper bal-
lot (78%).11 As a check on the actual time it took
voters to use each type of system we located
poll watchers in each of our 19 precincts who
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7 Voters were asked whether they agreed or disagreed
with each statement on a scale of one to five, where one
indicated “disagree strongly” and five indicated “agree
strongly.”
8 A factor analysis of the six items produced only one di-
mension with an eigenvalue greater than 1.0. This factor
accounts for 50% of the variance in the six items. Factor
analysis is used to test the unidimensionality of our scale
and to construct a scale score. Bivariate correlations
among scale items is used to test the unidimensionality
of our scale and to construct the individual scale scores.
9 A factor analysis of the four items produced one factor
with an eigenvalue greater than 1.0. This factor accounts
for 73% of the variance in the four items.
10 The response set to this question was: (1) less than 5
minutes (2) 5–10 minutes (3) 11–15 minutes and (4) more
than 15 minutes.
11 The chi-square for this relationship is significant at the
.01 level.



timed a sample of voters on each of the voting
machines used on Election Day. On average,
voters using a DRE took two minutes and 55
seconds to ballot. Voters who chose a paper bal-
lot required three minutes and 44 seconds to
complete their ballot. The observed difference
in time to vote with each voting technology is
statistically significant (p �.002).12

Table 1 summarizes the hypothesized rela-
tionships between selected independent and
dependent variables. In most instances our
source for these expected relationships is the
extant literature reviewed above. Several of our
hypotheses, however, are untested in the liter-
ature.13 To address a concern that there is sig-
nificant unobserved heterogeneity driving our
results we have reported robust standard er-
rors clustered on polling place in each of our
regression models.

FINDINGS

Table 2 reports the descriptive statistics for
each of our dependent variables by ballot type.
Voters rated the DRE ballot more usable than
voters who used the paper ballot. Though both
ballot technologies received favorable ratings
from a majority of their respective users, the
difference in ratings is significant (P �.001) and
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TABLE 1. HYPOTHESIZED RELATIONSHIPS

Independent variable Usability Undervote Confidence Time to vote

Voting system � � � �
(1 � DRE, 0 � Paper)

Rating of ballot type � NA � �

Rating of polling place � � � �

Prior use of vote system � � � �

Non-Anglo � � � �

Partisan voter � � � �
(1 � Dem. or Rep.; 0 � Ind,)

Prior voting history � � � �

Undervote NA NA NA �

Age � � � �

Education � � � �

Income � � � �

TABLE 2. DESCRIPTIVE STATISTICS BY BALLOT TYPE

Ballot

Measure Paper DRE

Rating of Ballot (range: 5-30) 22.20 25.90

Proportion reporting under count 0.16 0.20

Voter confidence (range: 1–5) 4.20 4.30

Proportion taking �5 min. to vote 0.78 0.84

12 Poll watchers timed 596 voters in 19 precincts as they
voted on scanned paper ballots (N�130) and the touch
screen voting machines (N�442).
13 A fixed effects model was attempted, where 1-n num-
ber of dummy variables, one for each voting place, was
included in each of our models. The advantage of this
technique is to control for unmeasured and confounding
variables operating at the level of the voting place. This
procedure, however, was not possible to execute because
of the previously discussed one-sidedness in the type of
ballot chosen by our respondents. As noted, over 82% of
our sample chose a DRE ballot. At a number of voting
places there were fewer than two respondents (and in one
instance no respondents) who used a paper ballot. This
distribution and the inclusion of ballot type in all our
models made it impossible to estimate our models with
the inclusion of a separate dummy measure for each vot-
ing place. We do not consider this problem serious. Our
models include what we believe to be most if not all of
the theoretically relevant confounding variables that are
operating at the level of voting place, including the vot-
ers’ ratings of their voting places. This factor score in-
cludes specific items about the workers at each voting
place, location-specific questions about the ease of find-
ing the voting place, parking and ease of voting.



clearly favors the touch screen DRE. Voters’
confidence that their ballots were accurately
recorded does not vary by ballot technology
used. Reported ballot undervotes are slightly
higher among voters who used the touch
screen voting machine (20%) than among pa-
per ballot voters (16.5%). Though the direction
of this finding is consistent with findings re-
ported in the literature, the observed difference
in reported undervotes between ballot types is
not statistically significant at conventional lev-
els of probability. Finally, we detect a weak re-
lationship between time to vote and ballot type.
As expected, touch screen users reported cast-
ing a ballot faster (84% reported under five
minutes) than paper ballot voters (78% under
five minutes), though this difference is signifi-
cant only at the .1 level of probability.

These observed differences in voting behav-
ior and affect by ballot type could be spurious
and related to human factors and administra-
tive activities. To test for the independent ef-
fect of ballot type on voting behavior and af-
fect we report estimates from several models of
reported voting behavior and affect below.

Usability

Table 3 reports the regression estimates for
our model of ballot usability.14 The main inde-
pendent variables of interest are ballot type
(1�DRE, 0�Paper), prior use of ballot type

(1�Yes, 0�No), and usability scale score for
voting place.15

Electoral administration has an independent
and strong effect on how voters evaluate the
two ballot systems. A positive evaluation of
one’s voting place and its personnel has a sub-
stantial positive effect on the voter’s evaluation
of the voting system used on Election Day. This
effect appears to operate for both DREs and pa-
per ballot. Regardless of the ballot system used,
voters are significantly more likely to have a fa-
vorable rating of the ballot used on Election
Day if the voters positively rated their polling
place and its administration. This finding,

VOTING TECHNOLOGY AND VOTER EXPERIENCE 131

TABLE 3. REGRESSION ESTIMATES FOR VOTER RATING OF BALLOT TECHNOLOGY (N � 375)*

Rbst
Std

Variable Coeff. Err T P

Constant �.480 .345 �1.39 .165

Ballot type .587 .157 3.73 .000**

Prior use of ballot type �.020 .083 �.24 .809

Rating of polling place .444 .061 7.26 .000**

Anglo .307 .103 2.96 .003**

Partisan �.095 .092 1.04 .300

Prior voting history �.051 .051 �1.00 .318

Age �.006 .003 �1.82 .069

Education .046 .045 1.02 .310

Income .072 .031 2.28 .023**

*r-square � .371; **p � .05

14 Huber-White robust standard errors clustered on vot-
ing place are used in our estimates to correct for any het-
eroskedasticity in our models.
15 We also examined the possibility that ballot effects on
usability and voter affect are conditioned by the quality
of electoral administration. Substantively we include this
interaction because we believe there is a strong possibil-
ity that the impact of the balloting mechanism on voters’
behavior and evaluations is significantly affected by their
experience at the polling place. We think this effect is par-
ticularly important for the newer and more technologi-
cally challenging DRE balloting system. To test for this
possibility we included in our models the interaction be-
tween ballot type (1�DRE, 0�Paper) and usability of vot-
ing place. We hypothesize that effect of ballot type on vot-
ers’ satisfaction with ballot system is conditioned by their
evaluation of their experience at the voting place. The co-
efficient for the interaction between ballot type and voter
rating of the polling place is statistically insignificant for
all of our models.
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which is consistent with our first hypothesis
and the explanation offered by Ansolabehere
and Stewart (2005), is shown graphically in Fig-
ure 4. From this figure, we can see that evalu-
ations of the ballots increase over polling place
evaluations and that there is no overlap in the
90% confidence intervals from lower to higher
values of place evaluation. A rug plot is in-
cluded at the bottom of the graph to show the
frequency distribution of the data over the
range of values of the place evaluation factor.

Income has a positive effect on voter ratings

of each ballot system. Non-Anglos are more
likely to have a lower rating of both ballot sys-
tems than Anglo voters, a finding that confirms
previous research (Tomz and Houweling 2003).

Undervotes

Table 4 reports the logit regression estimates
for a model of undervotes in the 2006 mid-term
election. Several variables are included in our
model to account for alternative explanations of
undervotes that are mentioned in the literature.
A key procedure that can minimize undervotes
is straight ticket voting. In Texas, as in many
other states, loyal partisans can choose to select
an option that casts their votes for all Democ-
ratic or Republican candidates. We expect self-
identified partisans, either Democrats or Re-
publicans, to be more likely to cast a straight
ticket ballot and therefore less likely than inde-
pendents to cast an incomplete ballot. Similarly,
older, educated, and experienced voters (i.e.,
those who report voting in most elections) are
expected to cast a complete ballot.

Neither ballot type nor its prior use has a sig-
nificant effect on the incidence with which vot-
ers reported casting an incomplete ballot. In-
terestingly, however, voter ratings of the
usability of their ballot were positively related
to the incidence of self-reported complete bal-
lots. Voters who positively rated their ballot,
both paper and DRE, were significantly more
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FIG. 4. Ballot evaluation by polling place evaluation.

TABLE 4. LOGIT REGRESSION ESTIMATES FOR INCIDENCE OF SELF-REPORTED

UNDERVOTE (N � 375)*

Rbst
Std

Variable Coeff. Err Z P

Constant �.974 1.01 �.96 .337

Ballot type .301 .462 .65 .515

Prior use of ballot type �.318 .282 �1.13 .259

Rating of ballot �.316 .166 �1.90 .057

Rating of polling place .034 .163 .21 .832

Anglo �.295 .345 .85 .393

Partisan .286 .357 .80 .423

Prior voting history .437 .137 3.19 .001**

Age �.032 .009 �3.31 .001**

Education .114 .149 .76 .446

Income �.140 .095 �1.47 .141

*Pseudo r-square, .106; **p � .05



likely to report casting a complete ballot. How-
ever, the magnitude of the effect of ballot us-
ability on reported undervotes is modest. We
observe a .09 increase in the likelihood of vot-
ers casting complete ballots as their evaluation
of ballot usability increases from one standard
deviation below the mean usability score to one
standard deviation above.

The incidence of reported undervotes is neg-
atively related to age and prior voting experi-
ence, as expected, but not education. Partisans
are more likely to report casting complete bal-
lots, but this relationship is significant only at
.1 level of probability. Older and experienced
voters are significantly more likely to complete
their ballot. Presumably, politics is sufficiently
more salient for older and experienced voters
to enable and motivate them to cast a complete
ballot.

Time to vote

Table 5 reports the logit regression estimates
for our measure of time to vote (0�less than 5
minutes and 1�more than five minutes). There
is no evidence that ballot system or ballot us-
ability positively affects the time it takes a voter
to ballot. As expected, voters who positively
rated their polling place and its administrative
personnel were significantly more likely to re-
port casting a ballot faster than those who neg-

atively rated their polling place personnel and
operations. Presumably, access to the polling
site, ample parking, and helpful poll workers
facilitate the time voters take to ballot, inde-
pendent of the ballot used. Voters who re-
ported voting frequently, independent of the
ballot system used, reported voting signifi-
cantly faster than those who reported voting
infrequently. Similarly, wealthier voters re-
ported voting faster, as did those casting an in-
complete ballot.

Voter confidence

Table 6 reports the estimates of voters’ con-
fidence that their ballots were accurately
counted. Rating of electoral administration,
partisanship, prior voting history, and voters
who reported casting a completed ballot are
significantly and positively related to voter
confidence. The insignificant coefficient for bal-
lot type demonstrates that voter confidence 
is not dependent on ballot type, but rather on
the voter’s experience with the ballot, either
DRE or paper. Electoral administration has a
stronger effect on voters’ confidence that their
ballot will be counted accurately than voters’
perceptions about the usability of their ballot
system, further supporting our hypothesis that
electoral administration dominates ballot ef-
fects on voter confidence.
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TABLE 5. LOGIT REGRESSION ESTIMATES FOR TIME TO VOTE (N � 375)*

Rbst
Std

Variable Coeff. Err Z P

Constant �2.03 .866 �.235 .019**

Ballot type �.703 .399 �.176 .078

Prior use of ballot type .085 .303 .28 .778

Rating of ballot �.049 .182 �.27 .788

Rating of polling place �.319 .159 �2.00 .046**

Anglo .010 .346 .03 .976

Partisan �.810 .354 �2.29 .022**

Prior voting history .386 .151 .255 .011**

Age .010 .009 1.13 .259

Education .020 .144 .15 .884

Income �.196 .112 �1.74 .081

Undervote .958 .309 3.18 .001**

*Pseudo r-square, .110; **p � .05



DISCUSSION

Contrary to previous research, we fail to
identify a consistent, significant, and indepen-
dent effect for ballot type on voter behavior and
affect toward the electoral system. The excep-
tion is in voters’ ratings of the usability of each
ballot system. Here we do find that voters rated
the touch screen DRE as more usable than the
paper ballot. Even in that case, though the DRE
received a superior rating from voters, both
systems were favorably rated by more than
60% of their respective users.

As suggested by Ansolabehere and Stewart
(2005), we find electoral administration has a
significant and independent effect on voter be-
havior and affect. Voters who rated their Elec-
tion Day polling place highly and the poll
workers as helpful were significantly more
likely to favorably rate the voting system they
used, were more confident that their ballot
was counted accurately, and took less time to
complete their ballot. The exception to this
finding is self-reported undervote. Here we
find that ballot usability and not a voter’s rat-
ing of the polling place is significantly related
to casting a complete ballot. This effect, how-
ever, is both modest and overshadowed by
several alternative explanations in the litera-
ture, including the salience of the race and the
voter’s interest in and attentiveness to politics,

as indicated by prior voting history, age, and
partisanship.

The finding that electoral administration in-
fluences voter behavior and affect toward the
electoral system may not seem to be a novel
finding. Clearly our conclusion is suggested in
Ansolabehere and Stewart’s work and more re-
cently by Alvarez and Hall (2005) and Hall et
al. (2006). Given our research setting, however,
the finding may be suggestive of how impor-
tant electoral administration is to the imple-
mentation of new voting systems. Recall that
previous to the 2006 election all voting in Jef-
ferson County, Texas, had been conducted on
paper ballots. Consequently, the introduction
of touch screen DREs as an option alongside
paper ballots was both novel and presumably
unfamiliar to most voters in the county. More-
over, an overwhelming majority of voters
chose to vote on the new DRE machines. It
would have been reasonable to suspect that
these conditions would lead to voter confusion
and frustration with the new and presumably
unfamiliar voting equipment. As demonstrated
above, the opposite was true.

Election administration and the personnel
who are charged with conducting elections en-
compass a wider range of factors than are dis-
cussed in this article and the extant literature.
Neglected in this discussion is the location and
configuration of polling places. We suspect that
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TABLE 6. REGRESSION ESTIMATES FOR VOTER CONFIDENCE THEIR BALLOT WAS COUNTED

ACCURATELY (N � 375)*

Rbst
Std

Variable Coeff. Err T P

Constant 4.72 .270 17.5. .000**

Ballot type .061 .137 .45 .654

Prior use of ballot type .124 .077 1.59 .112

Rating of ballot .931 .060 15.3 .000**

Rating of polling place .115 .061 1.89 .059

Anglo �.029 .087 .34 .733

Partisan .097 .079 �1.23 .221

Prior voting history .009 .045 �.21 .834

Age �.004 .002 �1.69 .092

Education �.050 .045 �1.12 .265

Income �.017 .028 �.61 .545

*Pseudo r-square, .634; **p � .05



where people vote, specifically its proximity to
work and home, as well as the availability of
parking and number of voting machines has a
significant impact on the voting experience. If,
as we have demonstrated, election administra-
tion matters, future research should focus on
these physical attributes of polling places as po-
tential determinants of voter behavior and affect.
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