
 http://hfs.sagepub.com/
Ergonomics Society

of the Human Factors and 
Human Factors: The Journal

 http://hfs.sagepub.com/content/56/5/973
The online version of this article can be found at:

 
DOI: 10.1177/0018720813519266
published online 28 January 2014

 2014 56: 973 originallyHuman Factors: The Journal of the Human Factors and Ergonomics Society
Bryan A. Campbell, Chad C. Tossell, Michael D. Byrne and Philip Kortum

System
Toward More Usable Electronic Voting: Testing the Usability of a Smartphone Voting

 
 

Published by:

 http://www.sagepublications.com

On behalf of:
 

 
 Human Factors and Ergonomics Society

 can be found at:Society
Human Factors: The Journal of the Human Factors and ErgonomicsAdditional services and information for 

 
 
 

 
 http://hfs.sagepub.com/cgi/alertsEmail Alerts: 

 

 http://hfs.sagepub.com/subscriptionsSubscriptions:  

 http://www.sagepub.com/journalsReprints.navReprints: 
 

 http://www.sagepub.com/journalsPermissions.navPermissions: 
 

 What is This?
 

- Jan 28, 2014OnlineFirst Version of Record 
 

- Jul 18, 2014Version of Record >> 

 at RICE UNIV on August 14, 2014hfs.sagepub.comDownloaded from  at RICE UNIV on August 14, 2014hfs.sagepub.comDownloaded from 

http://hfs.sagepub.com/
http://hfs.sagepub.com/content/56/5/973
http://www.sagepublications.com
http://www.hfes.org
http://hfs.sagepub.com/cgi/alerts
http://hfs.sagepub.com/subscriptions
http://www.sagepub.com/journalsReprints.nav
http://www.sagepub.com/journalsPermissions.nav
http://hfs.sagepub.com/content/56/5/973.full.pdf
http://hfs.sagepub.com/content/early/2014/01/28/0018720813519266.full.pdf
http://online.sagepub.com/site/sphelp/vorhelp.xhtml
http://hfs.sagepub.com/
http://hfs.sagepub.com/


Objective: The goal of this research was to assess 
the usability of a voting system designed for smart-
phones.

Background: Smartphones offer remote participa-
tion in elections through the use of pervasive technol-
ogy. Voting on these devices could, among other ben-
efits, increase voter participation while allowing voters 
to use familiar technology. However, the usability of 
these systems has not been assessed.

Method: A mobile voting system optimized for use 
on a smartphone was designed and tested against tradi-
tional voting platforms for usability.

Results: There were no reliable differences 
between the smartphone-based system and other vot-
ing methods in efficiency and perceived usability. More 
important, though, smartphone owners committed 
fewer errors on the mobile voting system than on the 
traditional voting systems.

Conclusion: Even with the known limitations of 
small mobile platforms in both displays and controls, 
a carefully designed system can provide a usable vot-
ing method. Much of the concern about mobile vot-
ing is in the area of security; therefore, although these 
results are promising, security concerns and usability 
issues arising from mitigating them must be strongly 
considered.

Application: The results of this experiment may 
help to inform current and future election and public 
policy officials about the benefits of allowing voters to 
vote with familiar hardware.

Keywords: interface, usability, voting, mobile

INTRODUCTION
Newer electronic voting technologies have 

been developed and implemented in many juris-
dictions across the United States, largely as a 
response to the challenges associated with older 
legacy voting systems. For example, punch card 
voting systems were responsible for widespread 
controversy following the results of the 2000 
U.S. presidential election. Although several 
usability problems associated with legacy voting 
systems have been eliminated by newer direct 
recording electronic voting systems (DREs), 
these technologies have brought with them their 
own usability challenges. A poorly designed 
electronic voting system can introduce new 
problems that are detrimental to accurate voting 
counts, the overall voting experience, and even 
election participation (Conrad et al., 2009).

Designing systems for voting is inherently 
challenging for several reasons. Voting systems 
must accommodate an extremely wide array of 
users. A critical requirement for any voting sys-
tem developed in the United States is to allow all 
eligible voters to effectively express their prefer-
ences for the candidates and propositions they 
intend to elect. In addition, this task occurs 
infrequently, and it is likely that most voters do 
not actively practice voting in elections. Thus, a 
majority of voters could be considered novices 
voting on unfamiliar technology. Finally, accu-
racy is a critical concern. As demonstrated by 
the uproar following in the 2000 U.S. presiden-
tial election (e.g., Wand et al., 2001), election 
administrators have the added pressure of devel-
oping or purchasing effective voting systems to 
avoid undermining the democratic process.

Implemented correctly, allowing people to vote 
in remote locations with their own equipment 
could yield several benefits, including enhanced 
usability, increased voter participation, and redu-
ced election administration costs (Brucher & 
Baumberger, 2003). Although security concerns 
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are generally seen as the highest barrier to pre-
venting Internet voting from being widely 
deployed, smartphones and other technologies 
could provide familiar access to those with lim-
ited access or disability. Indeed, iPads are 
already being used to help disabled persons to 
vote in some U.S. counties (Seelye, 2011). We 
therefore assessed the usability of voting on a 
web-based system optimized for use on a smart-
phone.

BACKGROUND
Usability should be a primary concern in 

the design of any voting technology. Clearly, 
the integrity of elections depends on the voting 
technologies to effectively display ballot infor-
mation, allow voters to select options accord-
ing to their intent, and accurately record votes. 
Following the infamous Palm Beach County 
U.S. presidential election debacle in 2000, the 
U.S. Congress passed the Help America Vote 
Act (HAVA), with the goal of replacing legacy 
voting systems with newer voting technologies. 
As a result, DRE voting systems were the sec-
ond most common voting system in the United 
States in 2008, with 32% of voters using them 
to cast their ballots (Brace, 2008).

The underlying problem with the 2000 Palm 
Beach County presidential election, however, 
was not that the voting technology was too anti-
quated. Rather, the ballot’s format (the “butter-
fly ballot”) led to a substantial decrease in 
usability for many voters. In the United States, 
states have individual authority over the design 
an implementation of the ballots used within 
their boundaries. In particular, the butterfly bal-
lot made it very difficult for voters (especially 
the visually impaired) to confirm the selections 
they had made. Although Palm Beach County is 
the most well-known U.S. example, there are 
many documented cases in U.S. elections where 
usability issues are likely to have determined the 
outcome of the election (see, e.g., Norden, Kim-
ball, Quesenbery, & Chen, 2008).

Prior to HAVA and the upswing in adoption 
of electronic voting systems, little usability 
research existed on efficacy of these systems or 
how they compared to legacy voting systems 
(Byrne, Greene, & Everett, 2007). Since then, a 
few studies have demonstrated the importance 

of usability in voting along with the unique chal-
lenges associated with this research.

Everett et al. (2008, Experiment 1) found no 
overall differences between their electronic vot-
ing system and paper ballots in regard to effec-
tiveness (i.e., number of errors committed) or 
efficiency (i.e., ballot completion times). 
Although they did note a relatively large differ-
ence in ballot completion times between their 
DRE and lever voting machines (DREs were 
more efficient), as of 2010 New York state 
became the last U.S. state to abandon lever vot-
ing machines, making lever machines defunct. 
In their second experiment, Everett et al. (2008) 
corroborate Jastrzembski and Charness’s (2007) 
findings that direct navigation models in the vot-
ing context, though more efficient, are likely to 
produce a decrease in voting system effective-
ness and that the disparity has the potential to be 
much greater for older adults.

Furthermore, examining the designs of sev-
eral commercial DRE user interfaces using a 
sample of older adults and computer novices, 
Conrad et al. (2009) found that both effective-
ness and efficiency (measured as both “ease” 
and “comfort”) were tightly coupled with voter 
satisfaction such that satisfaction dropped sig-
nificantly when effectiveness or efficiency was 
low. The authors discovered that many of the 
electronic voting systems they tested yielded an 
alarmingly high number of errors during the 
course of testing—up to 9% in some cases.

These examples demonstrate why voting sys-
tem usability should be of great concern for vot-
ing system design and serve to highlight the 
need for a greater understanding of how the 
technology itself can support voters in casting an 
accurate ballot. Usability concerns, however, are 
only one piece of the puzzle. Voting over the 
Internet, whether on smartphones or other com-
puters, has not been implemented in U.S. 
national elections because of security concerns.

Security Concerns
Some researchers believe that voting via the 

Internet is an insurmountable challenge (Wol-
chok, Wustrow, Isabel, & Haldreman, 2012,  
p. 6). For example, Jefferson, Rubin, Simons, 
and Wagner (2004) assessed the security of 
voting in a U.S. Department of Defense (DoD) 
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trial of Internet-based voting systems. This trial 
allowed individuals in 21 states and 11 countries 
to use their technology of choice to cast ballots 
in several jurisdictions over the Internet (DoD, 
2003). They concluded that this particular ini-
tiative, and Internet voting in general, “cannot 
be made secure for use in real elections for the 
foreseeable future” because election officials 
are not in control of the voting hardware (Jef-
ferson et al., 2004, p. 64).

Despite these security concerns, using the 
Internet for voting is not a novel idea; it is 
already occurring. Indeed, there is already a 
trend toward Internet voting both in this country 
and abroad. In the United States, the Federal 
Voting Assistance Program has called for the 
immediate development of Internet voting stan-
dards and pilot projects, and iPad technology is 
being leveraged to enhance the voting experi-
ence for disabled persons (Seelye, 2011). 
Abroad, the Republic of Estonia was the first 
country to fully embrace Internet voting by 
recently holding the first digital election where 
anyone in the country could vote for public offi-
cials and policies via the Internet. In 2011, 15% 
of the population of Estonia used the Internet  
to vote, which led to a 2.6% increase in voter 
turnout.

Mobile Voting
Despite the trend toward Internet voting, there 

has been little research that specifically assesses 
the usability of Internet voting on mobile plat-
forms. Intuitively, however, voting with mobile 
technology has several potential advantages. 
For example, Coleman (2002) found that voting 
on mobile phones could increase voter turnout 
with minimal cost. Weinstein (2004) showed 
that 49% of their subjects would rather vote on 
their mobile phone than a paper ballot sheet. 
Brucher and Baumberger (2003) asserted that 
mobile voting on phones could enhance the vot-
ing experience by giving users access to ballots 
via well-known tools in private surroundings 
instead of forcing individuals to vote on unfa-
miliar technologies in public places. Finally, 
access to mobile platforms is very high (and ris-
ing), with 91% of the U.S. population owning a 
mobile phone and more than half of those being 
smartphones (Pew Research Center, 2013).

Despite these potential advantages, there are 
significant usability challenges associated with 
mobile computing. Namara et al. (2011) report 
survey results in which middle age and older 
adults overwhelmingly responded believing that 
paper-based voting systems were easier to use 
than newer electronic voting systems. These 
results may indicate that a majority of voters 
would likely prefer a more traditional method of 
voting, though it is unclear how a mobile voting 
system may or may not alter these results given 
its potential benefits. The high turnover rate of 
mobile technologies, however, could also pre-
vent users from gaining familiarity with their 
devices or mobile voting procedures. Handheld 
mobile devices also have noted usability prob-
lems with small-screen displays, awkward text 
entry, and slow network speeds (Tossell, Kor-
tum, Shepard, Rahmati, & Zhong, 2010). Thus, 
even if security concerns were resolved, the 
usability of mobile voting platforms would 
remain an important challenge to effective vot-
ing in a real election.

Therefore, in this paper, we assessed the 
usability of a web-based voting system designed 
for use on a smartphone. We compare the effec-
tiveness, efficiency, and satisfaction of this sys-
tem with those of other voting methods using a 
sample of voters from our local area.

METHOD
Subjects

A total of 84 subjects (46 female) were 
recruited from the greater Houston, Texas, area 
via local print and online advertising. All sub-
jects were paid a $25 stipend for their time 
regardless of their voting performance and 
were required to be 18 years of age or older 
and native English speakers to participate. The 
subjects we recruited ranged in age from 18 to 
68 years old, with a mean age of 35.7 (SD = 13).

Our subjects also had a fairly diverse range of 
voting histories and educational backgrounds. 
Seven subjects had voted in 10 or more national 
elections and 10 had voted in 10 or more non-
national (i.e., state and local) elections. The vast 
majority of subjects, however, had voted in 
fewer than 6 national (92%) and nonnational 
(88%) elections. Subjects’ education levels were 
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also well distributed, with a majority of subjects 
(75%) having obtained either an associate’s or a 
bachelor’s degree.

To obtain a more representative sample of the 
general voting population, subjects were not 
recruited on the basis of smartphone ownership. 
Nevertheless, as shown in Table 1, 48 subjects 
reported owning a smartphone at the time of 
experimentation, and there was insufficient evi-
dence to conclude that smartphone ownership 
was a function of education, χ2(3, N = 84) = 
0.40, p = .94.

Materials
Three voting methods were assessed in 

this study. The smartphone-based method was 
designed specifically for this experiment, whereas 
the Flash VoteBox and paper ballot methods have 
been used in previous experiments. The primary 
design goal for our mobile voting system (MVS) 
was to maximize accuracy (effectiveness), with 
efficiency as a secondary goal. Efficiency was 
given secondary weight as the pressure to vote in 
a timely manner is potentially eliminated by the 
mobility of the voting device. Designed in late 
2011 for the iPhone 3GS, the MVS presents each 
ballot sequentially and requires users to select a 
“Next” button to navigate across races. Because 
smartphones have small screens, we avoided 
multiple contests on each screen to help prevent 
errors of omission. Screenshots of the MVS can 
be seen in Figure 1.

Subjects voted by selecting anywhere within 
the white box that contained the candidate’s 
name. Subjects navigated forward to each race 
by selecting the right arrow and could also go 
backward through the ballots to change selec-
tions using the left arrow. We used common iOS 
layouts and placement of buttons, icons, text, 
and other formatting.

After subjects saw every race, a review screen 
was presented with their choices for each race as 
well as orange highlighting on any race that was 
skipped. The review screen allowed subjects to 
go directly to a skipped race to make a vote by 
touching anywhere in the race area. Finally, sub-
jects had to scroll down to the bottom of the 
review screen to submit their votes. This forcing 
function was deliberately enabled to help pre-
vent errors of omission.

Of the other, nonmobile, voting systems, Flash 
VoteBox was used as the DRE voting interface in 
this experiment. Flash VoteBox (Figure 2) is a 
Flash implementation of the VoteBox DRE plat-
form (Sandler, Derr, & Wallach, 2008) capable of 
logging and time stamping all user actions. The 
paper ballots used in this experiment (Figure 3) 
were custom designed to mimic traditional  
bubble-style columnar paper ballots.

All three voting systems in this experiment 
employed the same basic ballot format used in 
previous mock election research (Byrne et al., 
2007; Campbell & Byrne, 2009; Everett, Byrne, 
& Greene, 2006; Everett et al., 2008; Greene, 
Byrne, & Everett, 2006). This ballot format fea-
tured 27 contests in total. The first 21 contests 
were single-selection partisan races, whereas the 
remaining 6 contests were fictional yes–no 
propositions representative of local ballot refer-
enda. Candidate names were also fictional, but 
party affiliations were real (e.g., the Democratic 
and Republican Parties were used).

Procedure
After obtaining Institutional Review Board–

approved informed consent, those in the directed 
information condition (where voters were told 
who to vote for) were given one of two ran-
domly generated slates. One slate was primarily 
Democratic (85%) and the other was primarily 

TABLE 1: Distribution of Subjects’ Level of Education by Smartphone Ownership

High School  
or Less

Associate’s 
Degree

Bachelor’s  
Degree

Graduate  
Degree Total

Smartphone nonowners  5 15 12  4 36
Smartphone owners  5 20 16  7 48
Total 10 35 28 11 84
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Figure 1. Screen shots of the mobile voting system. Panel A shows the presidential race with 
no candidate selected. Panel Β shows the 19th race with a single candidate selected. Panel C 
shows the first two thirds of the first proposition. Panel D shows a portion of the middle of the 
review screen.
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Figure 2. Screen shot of the Flash VoteBox DRE showing the presidential race with a candidate 
selected.

Figure 3. Paper ballot showing the top two thirds of the front side of the ballot.
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Republican (85%). The voter guide given to 
subjects in the undirected information condition 
(where voters freely selected their own candi-
dates) was inspired by the League of Women 
Voters publication describing each candidate 
and their position on a few key issues.

After reviewing either the slate or voter 
guide, subjects commenced voting without 
practice in two separate voting sessions using 
two different voting technologies. At the con-
clusion of each of their first and second voting 
sessions, subjects were given the System 
Usability Scale (SUS; Brooke, 1996) to capture 
their immediate perceptions of each system. 
After both voting sessions had concluded, sub-
jects were given an exit interview and were 
paid for their participation.

Consistent with previous research (Campbell 
& Byrne, 2009; Everett et al., 2008; Greene, 
2008), in the directed information condition, a 
voting error was defined as any deviation from 
the slate provided. In the undirected information 
condition, a “majority rules” method of error 
attribution was used as subjects provided three 
sources of intent: (a) their ballot from the first 
voting session, (b) their ballot from the second 
voting session, and (c) their exit interview.

All subjects given a voter guide were explic-
itly asked, during their exit interview, which 
candidates they intended to vote for in each race. 
Thus, in the undirected information condition, 
any vote that did not match the other two sources 
of intent was considered a voting error.

DESIGN
Experimentally Manipulated Variables

Mobile versus nonmobile voting system 
(within subjects; two levels). Subjects voted on 
only two of the three possible voting systems, 
one of which was always the MVS. The alterna-
tive voting system was one of the nonmobile 
voting technologies; however, voting system 
order was counterbalanced across subjects.

DRE or paper nonmobile voting system 
(between subjects; two levels). As noted previ-
ously, in addition to the MVS, subjects also voted 
on one of two possible nonmobile voting systems 
to which they were randomly assigned. The first 
possibility was the Flash VoteBox DRE voting 
system, whereas the second possibility was the 

bubble-style paper ballot. Subjects were not 
assigned to vote on all three voting systems for 
two reasons. First, limiting voting sessions to a 
maximum of two was done to help alleviate sub-
ject fatigue, as the entire experiment was rather 
lengthy. Second, and related to the first point, lim-
iting voting sessions to a maximum of two reduced 
the time need to complete an entire experimental 
session.

Information condition (between subjects; two 
levels). Subjects were given either a slate (i.e., list) 
of candidates to vote for—the directed informa-
tion condition—or a voter guide and were allowed 
to vote for whomever they wished—the undi-
rected information condition. Subjects were ran-
domly assigned to an information condition.

Other Independent Variables and 
Covariates

Smartphone ownership (between subjects; 
two levels). Smartphone ownership was included 
in the design to assess the potential impact that 
familiarity with the technology may have on the 
usability of the MVS.

Education (between subjects; four levels). 
Similar to smartphone ownership, education 
was included in the design to assess what, if any, 
impact education had on the usability of the vot-
ing systems used in the experiment.

Subjects’ age (covariate). Subjects’ self-
reported age was used as a covariate in this 
experiment.

Dependent Variables
The dependent usability metrics of interest 

were (a) efficiency, measured as the time it took 
a subject to complete a ballot, (b) effective-
ness, measured as how many errors a subject 
made when completing a ballot, and (c) subjec-
tive usability, operationalized as usability rat-
ings given by subjects on the widely used SUS 
(Brooke, 1996).

RESULTS
A 2 (voting system: MVS or non-MVS) × 2 

(nonmobile voting system: DRE or paper) × 2 
(information condition: directed or undirected) ×  
2 (smartphone ownership: owners or nonown-
ers) × 4 (education: high school, associate’s, 
bachelor’s, or graduate) mixed-design ANCOVA 
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was used to analyze ballot completion times 
and SUS ratings. Analysis of error rates was 
identical except for the addition of a two-level 
within-subjects variable, error type (described 
later). Although not explicitly reported later, 
all two-way and higher order interactions were 
included in the ANOVA model.

One subject, however, was removed from all 
following analyses due to noncompliance with 
the experimental task. Furthermore, the covari-
ate, subjects’ age, was not a statistically signifi-
cant predictor of voting performance, ballot 
completion time, or SUS ratings, nor were there 
any interpretable main effects or interactions 
involving information condition, and thus these 
factors are not discussed further.

Effectiveness
It was possible for subjects to make one 

of four, mutually exclusive, types of voting 
errors: overvote (too many), omission (too 
few), wrong choice (mistake or miss-click), and 
extra vote errors (voting by accident). Since 
no participant made any overvote (because the 
electronic systems prevent such occurrences) 
or extra vote errors on any voting system, these 
error types were excluded from the analysis of 
error rates. Furthermore, since we discovered 
insufficient evidence to conclude that error type 
was a significant factor, the reported error rates 

are averages of both wrong choice and omis-
sion errors.

Finally, all per-technology error rates were 
transformed, prior to analysis, using an arcsine-
root transformation. This was done to reduce the 
impact of a few subjects’ comparatively high 
per-technology error rates (i.e., at or near 100%). 
These subjects were unwilling to vote for the 
candidates provided to them via the slate in the 
directed information condition, thereby artifi-
cially inflating their overall error rates.

As indicated by the overall three-way interac-
tion among voting system, smartphone owner-
ship, and education (Figure 4), when voting on the 
MVS, lower educated smartphone nonowners 
were much more likely to make a voting error than 
lower educated voters using one of the nonmobile 
voting systems, F(3, 54) = 2.81, p = .048, MSE = 
.006, η2

p = .14. The primary driver of this interac-
tion appears to be disproportionately high error 
rate for MVS voters who have the lowest educa-
tion (high school) and do not own smartphones. 
This was corroborated by a custom post hoc inter-
action contrast suggested that unfamiliarity with 
the technology might disproportionately affect 
lower educated voters. In other words, the differ-
ence in error rates between the highest and lowest 
levels of education was greatest when smartphone 
nonowners were using the MVS, F(1, 54) = 9.30, 
p = .004, MSE = .006, η2

p
 = .15.

Figure 4. Mean overall error rate (%), as a function of subjects’ self-reported level of education and 
smartphone ownership when voting on the MVS and the nonmobile voting systems. Error bars represent 
standard errors of the mean. Means represent the untransformed data.
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Efficiency
A handful of subjects anomalously stopped 

voting to reread their voters’ guide during their 
voting session. To reduce the impact of these 
comparatively long ballot completion times, all 
ballot completion times were transformed prior 
to analysis using a logarithmic transformation. 
As shown in the two-way interaction between 
voting system and smartphone ownership (Figure 
5), F(1, 54) = 6.67, p = .01, MSE = .03, η2

p = .11, 
when voting on the MVS, smartphone own-
ers took an average of 140 seconds less time 
to complete their ballot than did smartphone 
nonowners, indicating that familiarity with the 
device allowed voters to save time during the 
voting process. A post hoc interaction contrast 
indicated that the disparity between smartphone 
owners and nonowners was greatest when sub-
jects voted using the MVS, F(1, 54) = 5.51, p = 
.02, MSE = .33, η2

p = .09.
Subjects’ level of education was also a deter-

minant of ballot completion times, as shown in 
the two-way interaction between voting system 
and education (Figure 6), F(3, 54) = 4.1, p = .01, 
MSE = .03, η2

p = .19. Interaction contrasts were 
inconclusive; however, the interaction appears 
to be driven by those with a graduate degree. 
Although most subjects, regardless of education, 

took on average between 300 and 500 seconds to 
complete their ballot, when voting on the MVS 
those with a graduate degree took an average of 
220 seconds longer to complete their ballot than 
similarly educated subjects voting on one of the 
nonmobile voting systems.

Subjective Usability
We found no evidence that SUS scores 

depended on voting system, information con-
dition, age, smartphone ownership, or level 
of education. Nevertheless, subjects rated the 
MVS (M = 86.2, SD = 17.9, out of 100 possible 
points) and the non-MVSs (M = 88.4, SD = 
13.4) rather favorably as far as SUS scoring is 
concerned (Bangor, Kortum, & Miller, 2008), 
F(1, 54) = 0.25, p = .62, η2

p
 = .004, indicating 

a high degree of perceived usability for all the 
voting systems used in this experiment.

DISCUSSION
Although inefficient voting systems can 

indirectly affect election outcomes via longer 
lines at polling centers, thereby potentially disen-
franchising some voters, ineffective voting sys-
tems can more directly affect election outcomes 
by essentially altering voters’ ballots. Thus, in this 

Figure 5. Mean ballot completion time, in seconds, as a function of voting system and smartphone 
ownership. Error bars represent standard errors of the mean. Means represent the untransformed data.
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sense, the MVS succeeded in providing enhanced 
effectiveness in voting for smartphone owners, 
particularly for those with the lowest levels of 
education. The MVS was designed to facilitate 
voting effectiveness. Even though we found some 
evidence of differences in the magnitude of 
efficiency, particularly for those with a graduate 
degree, compared to the commonly used voting 
systems of today (DRE and paper-based sys-
tems), the MVS resulted in a substantial increase 
in voting errors for smartphone nonowners and a 
notable decrease in voting errors for smartphone 
owners. These results highlight the importance 
of leveraging user experience with technology 
for increased effectiveness. The current model of 
voting in the United States, with any system, often 
requires voters to adapt to unfamiliar systems to 
participate. This study provides evidence suggest-
ing individuals should vote on familiar systems 
for optimal usability.

In the near term, however, Internet-based vot-
ing should not be considered a viable option for 
real elections. Recent testing of Internet-based 
voting has shown substantial security vulnerabili-
ties. In addition, the human factors community 

should work closely with the computer science 
community to develop authentication systems that 
do not overburden voters but at the same time 
allow them to securely and anonymously submit 
their ballots. There is simply too little known 
about the specific human factors and security 
requirements needed to support such a large trans-
formation in the way the United States votes. 
However, an offline approach with familiar sys-
tems (e.g., Seelye, 2011) appears to be an appro-
priate first step in this direction. We expect that the 
inherent benefits of Internet-enabled voting may 
enhance current voting practices in the future.

If this is the case, our findings suggest that elec-
tronic voting via a smartphone could be imple-
mented. Voting on a smartphone, even a prototype 
such as the one assessed in the current study, can 
provide an effective means to vote for users with-
out any real decrement to user satisfaction or effi-
ciency. Our study does not, however, suggest that 
smartphone voting systems are the answer to solv-
ing usability problems associated with voting. The 
ballot we used did not include common provisions 
such as a straight-party voting option, races with a 
large number of possible choices, or races in 

Figure 6. Mean ballot completion time, in seconds, as a function of voting system and self-reported 
level of education. Error bars represent standard errors of the mean. Means represent the untransformed 
data.
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which more than one candidate can be selected per 
race. It is currently unclear how these ballot provi-
sions interact with standard voting technologies, 
let alone a small-screen mobile device. Neverthe-
less, users’ previous experiences with technology 
should be leveraged, and the voting system, at the 
broadest level, should provide users options to 
vote with methods that accommodate their unique 
demographics, experiences, contexts, and limita-
tions. Smartphones can be an effective option to 
this end.

More specifically, exploiting users’ experi-
ence with their own smartphones could reduce 
costly mistakes such as wrong choice or omis-
sion errors. Our findings call into question the 
current approach of “one-size-fits-all” technol-
ogy requirements for voting. Indeed, current 
voting interfaces generally do little to support 
users with little to no familiarity with the sys-
tem. Developing content for smartphones, how-
ever, could provide tailored functionality that 
would prevent designer–user mental model mis-
matches associated with new interfaces for the 
millions of smartphone users in the United 
States. It would likely also increase the accessi-
bility of voting for smartphone owners by elimi-
nating travel to polling stations and waiting in 
line at these locations. The time cost associated 
with voting has been posited as at least one rea-
son why more votes are not cast on election day 
(Highton, 2006; Spencer & Markovitz, 2010).

CONCLUSION
We tested one prototype of a smartphone 

voting system to understand important usability 
challenges associated with voting on a handheld 
mobile device. Several messages are clear from 
this research that are relevant for the design 
of such systems in the future. First, and most 
important, is that the MVS was far from perfect. 
Human factors research is needed to ensure 
that new (mobile) and existing (DREs, paper 
ballots, etc.) voting technologies support the 
diverse user population. Second, we made deci-
sions early in our design to perhaps slow voting 
navigation by removing swipe gestures, adding 
functionalities and processes to verify voting 
actions, and requiring users to view every race 
on the ballot. We suspect these design features 
enhanced effectiveness for smartphone owners, 

perhaps at the cost of efficiency and perceived 
usability. Voting on smartphones, however, 
would remove the need to drive to a polling 
place and wait in line, thus decreasing the total 
time needed to vote in a given election and free-
ing up polling station capacity for non-MVS 
voters. Future research should assess other ways 
to vote (e.g., interactive voice response systems) 
across diverse groups for a better understanding 
of designing these systems.

Other research should also be conducted both 
inside and outside of the laboratory setting to 
address questions we did not directly consider in 
the current study. For instance, smartphones are 
operated in a variety of settings. How does the 
more dynamic nature of context (e.g., physical 
movement, time of day, location, etc.) influence 
the usability of this application? Furthermore, 
how do interruptions affect the voting process? 
Finally, future mobile voting research should 
investigate the differences, if any, between 
native and web-based voting applications and 
navigation styles, as well as the effect of longer 
ballots (e.g., ballots in which more than a screen 
full of candidates are running for a single race).
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KEY POINTS
 x The mobile voting system succeeded in providing 

enhanced effectiveness in voting for smartphone 
owners with lower levels of education.

 x There is simply too little known about the specific 
human factors and security requirements needed 
to support such a large transformation in the way 
the United States votes.

 x Even with the known limitations of small mobile 
platforms in both displays and controls, a care-
fully designed system can have excellent usability 
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characteristics even for an application as demand-
ing as voting.

 x Much of the concern about mobile voting is in 
the area of security, so although these results are 
promising, security concerns, and usability issues 
arising from mitigating them, must be strongly 
considered.

 x The performance differences between owners and 
nonowners of smartphones highlight the need to 
allow users to select their own platforms for these 
kinds of infrequent but tremendously important 
tasks.
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