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This study sought to understand if voting equipment layouts impacted anticipated voting system usability. 
Thirty-five participants viewed photorealistic rendered images of twelve different voting system configurations 
within a polling station. After viewing each condition, participants completed a survey to assess anticipated 
system usability and related measures. Results showed that spatial configurations of voting machines inside a 
polling station impacted all subjective ratings. Anticipated usability was highest when the voting systems had 
dividers around the interface, there was space between units, and polling booths were arranged in the room 
such that voters did not face one another. This study demonstrates that environmental variables might need to 
be considered when configuring polling stations in order to maximize subjective assessments, like anticipated 
usability, that could impact future system use. 
 

INTRODUCTION 
 

On a day-to-day basis, we are confronted with systems and 
products that span the full spectrum of usability. Some systems 
are frustratingly cumbersome, confusing, or time intensive, even 
when using them for simple tasks. Employment of these low-
usability systems may cause users to avoid interacting with the 
system, commit errors, or even abandon tasks. Conversely, users 
often interact with products and services that are highly usable, 
as they require little effort and can be used to successfully 
accomplish a target task the first time a person attempts to do 
so. Positive interactions with these systems may cause users to 
engage with the system more often and freely. Since system 
usability impacts a wide range of experiences and behaviors, 
researchers need to both evaluate and further understand the 
usability of products to identify the different factors that 
contribute to the users’ experiences (Dillon, 2001). 

Three components of system usability as defined by ISO 
9241-11 (1998) are effectiveness, efficiency and satisfaction. This 
construct of usability has been widely employed in the objective 
measurement and reporting of system usability in diverse 
contexts such as military systems (Albers, 2011), consumer grade 
products (Suzuki, et al., 2011), and web pages (Toshiya et al., 
2011). Although the ISO standard defines the dimensions that 
need to be measured in order to quantify usability, it does not 
identify the factors—both objective and subjective—that may 
impact perceptions of system usability and satisfaction. In order 
to more fully understand which factors may be influencing 
usability, researchers have often studied usability of systems in 
the contexts of product development and human computer 
interaction. Some factors that impact usability—such as ease of 
navigation (e.g., Scharff & Kortum, 2009), number of features 
(e.g., Thompson et al., 2005), and differing methods to achieve 
the same goal (e.g., Byrne et al., 2007)—have been recognized. 
With that being said, it is unlikely that every single factor that 
impacts system usability has been identified. 
 Recent trends in usability research are expanding to include 
less clearly defined factors that contribute to the usability 
experience, like user perceptions of pleasure, aesthetics, and 
trust. Unlike the traditional usability metrics of effectiveness and 
efficiency that are well defined, related to human performance, 
and can be objectively measured per ISO 9241-11 for a given 
task, these newer factors are more difficult to concisely describe 

and quantify. Nonetheless, they continue to gain acceptance as 
legitimate factors that can and do impact the perceived usability 
of a product or service. It has been found that highly pleasurable 
products are rated as more usable, and vise-versa (Jordan, 1997). 
Similarly, researchers have found evidence for aesthetically 
pleasing products being judged as being more usable. (e.g., 
Sonderegger & Sauer, 2010). Another example is trust. Some 
researchers have found evidence for a strong, positive relation 
between a user’s trust in a system and subsequent usability 
ratings (Acemyan & Kortum, 2012)—meaning more trustworthy 
systems are also thought to be more usable. While it might be 
argued that these subjective metrics are simply subcomponents 
of the ISO 9241-11 metric of “satisfaction,” researchers have 
continued to examine these factors in order to better understand 
how they contribute to perceptions of usability—consequently 
expanding researchers’ understanding of usability as a whole 
(e.g., Bevan, 2009).  
 Despite the recent inclusion into usability research of these 
fuzzier, subjective factors, there are still areas to be explored. For 
example, there has been little research into the relation between 
the physical environment and likely system usability. Particularly, 
it is unknown if systems used in physical spaces (which meet all 
known human factors design criteria applicable to the built 
environment (Woodson et al., 1992)) impact users’ perceptions 
of system usability. Here the physical environment is defined as 
every element that makes up a specified space, including the 
layout and dimensions of a room, lighting, locations of entrances 
and exits, placement and form of furniture/equipment, and 
temporal elements such as other users who might be using the 
system at the same time. One can imagine some type of 
relationship most likely exists between the environment and 
usability in any situation where the physical environment 
contributes in some way to a user’s system experience (e.g., 
Brooke, 1986). System-physical environment pairs can be found 
in public spaces (e.g., ATM terminals in shopping malls and 
voting machines in polling locations) or more private settings 
(e.g., a computer in a worker’s office and medical system in a 
doctor’s office). Due to the diversity of both systems and 
environments, combined with the lack of attention paid to their 
impacts on one another, the relation between environments and 
the various facets of usability warrants further research. 
 In this paper, the relation between anticipated system 
usability and the polling station environment was explored. The 
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relation is studied in the context of voting for a variety of 
reasons. First, there are major, negative ramifications that could 
result if a voting system is perceived unusable. Zhang and Li 
(2005) found that the affective quality and perceived usability of 
a system is correlated to a person’s intention to use a system. If 
any variable—including environmental features and system 
attributes—is associated with deterring people from voting, it 
could potentially lead to disenfranchisement (meaning all citizens 
are not participating by expressing their views) and altered 
election outcomes. Consequences like these are problematic 
because they degrade election integrity as voting in free and fair 
elections is essential to any democratic system.  
 Another reason the physical environment and anticipated 
usability relationship should be studied in the realm of voting is 
that voting systems are unique. Voters must use a voting system 
as it is provided to them. In the United States, voters cannot 
change the assigned polling location, voting method, or voting 
booth in any way. Hence there is little recourse if the user finds 
these unacceptable for any reason. In contrast, if a person finds 
that the physical environment where an ATM is located makes 
them feel uncomfortable, or if the physical space impacts their 
ability to use the system, then they are free to select another 
ATM location or change banks entirely. With voting, however, if 
a citizen chooses to vote on election day, the voter is obligated 
to vote at a specific location with provided voting technology as 
set up within the polling place.  
 A third reason the environment-anticipated usability relation 
should be studied in the context of voting is that each polling 
station location has a unique set of physical characteristics, 
which can vary dramatically across polling stations. To give 
examples based on a visual inspection of U.S. polling sites, 
polling stations are often set up in spaces used for other 
purposes—ranging from libraries and empty offices to university 
auditoriums and churches. The configurations of voting booths 
at these locations are equally diverse. Some polling booths have 
dividers while others do not, and some polling spaces are 
cramped due to the amount of machinery and people present 
while others are spacious and empty. These physical 
characteristics vary drastically across U.S. voting settings because 
at present there are neither regulations nor guidelines that 
specify how the spaces should be arranged to accommodate 
voting behaviors. Hence, these varying physical factors might 
have an impact on the perceived usability of and/or satisfaction 
with the voting system. Since satisfaction is a major design goal 
of ISO 9241-11 (ISO, 1998), and ISO 9241-210 explains that a 
user should have a positive experience that results from the use 
and/or anticipated use of a product (ISO, 2010), it is essential 
for researchers to understand circumstances that yield satisfying 
system-environment pairs (Hassenzahl & Tractinsky, 2006). 
 To begin understanding if the physical environment impacts 
subjective perceptions of usability, this project exposed 
participants to numerous electronic voting machines (DREs, or 
direct-recording electronic voting machines) configurations that 
were placed in one well-controlled environment. Then 
participants’ perceptions of anticipated voting system usability 
(defined as a person’s perceptions of how easy or hard they 
think a system will be to use), satisfaction, and overall 
preferences were measured. DREs were the manipulated variable 
because voting booths are present at every single polling place, 

and they can be altered relatively easily (i.e., it is a lot easier to 
move a DRE from one location to another than to remove or 
cover a large window or other permanent fixture). Further, 
understanding how the placement and setup of DREs may 
impact voter perceptions and behavior could lead to the 
development of guidelines for voting system placement within 
polling environments.   
 

METHODS 
 

Participants 
 
 Participants were 35 Rice University undergraduates who 
received credit towards a course requirement for participating in 
the study. All subjects were eligible voters, and their ages ranged 
from 18 to 21, with a mean of 18.75 years and a median of 19 
years. 14 were male, 18 were female, and three did not specify 
their gender.  
 
Design  
 
 A three-factor within subjects design was used: 2 (spacing of 
voting machines condition) x 2 (presence of dividers condition) 
x 3 (layout/configuration condition). The spacing conditions 
used were termed “no spacing” and “spacing” (see Figure 1). In 
the no spacing condition, the voting machine’s sides touched 
one another so that there was no space between voting 
machines. In the spacing condition, there was approximately 
0.75 meters of space between machines.  
 

     
Figure 1. The image on the left shows an example of the no spacing condition, 
and the image on the right shows an instance of the spacing condition. (All 
images shown in this paper were cropped due to paper length constraints.) 
 
 The dividers conditions used were termed “presence of 
dividers” and “absence of dividers.”  When dividers were 
present, vertical partitions were placed around the voting 
interface so that a bystander would not be able to as easily view a 
voter’s screen. When dividers were absent, partitions 
surrounding the voting machines were removed (see Figure 2). 
 

      
Figure 2. On the left an absence of dividers condition is shown. On the right a 
presence of dividers condition is shown.  
 
 There were three voting machine placement configurations: 
“two rows facing each other,” “one row facing the back wall,” 
and “one row facing the entrance” (see Figure 3). In the 
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condition in which two rows of voting machines faced one 
another, the units were placed in the middle of the room so that 
voters using them would face each other with their backs to the 
sides of the room. The condition in which one row of voting 
machines faced the back wall included a single row of units 
centered in the room but facing an exterior wall of windows—
leaving voters’ backs facing the entrance while they used the 
systems. The one row of voting machines facing the entrance 
condition featured a line of voting machines placed in the middle 
of the room that faced the entrance; this arrangement would 
allow voters to face the entrance of the polling station while they 
voted. 
 

     
 

 
Figure 3. Renderings of the three DRE layout configurations: two rows facing 
each other (top left), one row facing the back wall (top right), and one row facing 
the entrance (bottom left). 
 
 To control all environmental variables over time such as 
lighting, room dimensions, and voter density, participants were 
exposed to all twelve conditions using rendered images. Two 
different images of each condition were shown in order for 
participants to view the voting machine placements and 
configurations from multiple viewpoints, which a voter might 
encounter if they were walking through the polling station. The 
order of condition presentation was randomized to prevent 
ordering effects (and all orders were used), but the order of the 
two different views within each condition remained constant.  
 Rendered images, as opposed to actual environments, were 
used in this study because they allowed the researchers to be able 
to control (and hold constant) every aspect of the space that was 
not under experimental manipulation, which is a significant 
advantage. Testing in real environments does not afford that 
level of control. While evaluating actual physical spaces might 
seem intuitively better, research has shown that evaluations 
made using representations of environments (e.g., photographs) 
yielded equivalent results to those found using actual, physical 
environments (Kaplan & Kaplan, 1989).  
 Two dependent variables were used to measure anticipated 
system usability: the adjective rating scale and the letter grade 
rating (Bangor et al., 2009). The adjective rating scale (ARS) is a 
seven-point adjective-anchored Likert scale that aims to describe 
usability through the quantitative judgment of a system. The 
adjectives used in the scale range from “worst imaginable” and 
“poor” to “good” and “best imaginable.” The letter grade rating 
(LGR) is a metric that uses the well-known university letter 
grades to communicate perceptions of usability—with As, Bs, 

and Cs being acceptable, while Ds and Fs are respectively 
marginal and not acceptable. The developers of each scale found 
that they correlate strongly with the System Usability Scale (SUS, 
Brooke, 1996). Specifically, r = .82 for the ARS, and there was a 
similar correlation for the LGR. Even though the SUS is 
frequently used by both researchers and industry professionals to 
assess the usability of systems (e.g., Kortum & Bangor, 2012; 
Sauro, 2011), employing it in this study to measure anticipated 
usability would have required a significant change to the 
instrument’s wording—potentially impacting adversely the 
scale’s integrity. Because neither the adjective rating scale’s nor 
the letter grade rating’s wording needed to be changed to 
account for the measurement of anticipated usability, they were 
used to measure the construct. It should also be noted that while 
anticipated usability is not the same as assessing the subjective 
usability of a system that a person has had direct experience 
with, it is still an aspect of perceived usability that may impact 
future system use. 
 Data was also collected on participant demographics, 
previous voting experience, perceived trust in systems, 
satisfaction, and preferences for specific environments. Filler 
questions used to limit response biases and mask the main 
dependent variable were included.  
 
Procedures  
 
 Data was collected through a web-based survey. After 
presenting the IRB approved informed consent page, the survey 
began with the collection of demographic and background 
information. Next, images for one of the twelve conditions were 
displayed and the participants were asked 30 questions about 
those images. This process repeated until participants had seen 
all twelve conditions. At the end of the study, the online survey 
asked about overall polling station preferences and impressions. 
The study concluded with participant debriefing. 
 

RESULTS 
 
 One participant's data was removed from the analysis 
because they did not complete the survey.  
 As can be seen in Figure 4, which shows the mean usability 
adjective rating as a function of voting machine configurations in 
a polling station, anticipated usability was lowest when voting 
machines had neither dividers nor spacing between units, and 
the DREs were placed so that two rows faced each other in the 
center of the room; anticipated usability was the highest when 
voting machines with dividers were spaced apart, and the 
equipment was placed in the room so that a single row would 
allow voters to face the entrance while voting. 
 Statistical analysis revealed three reliable main effects: 
spacing between units, F(1, 33) = 55.38, MSE = 0.83, p < .001, 
η2p = .63; use of dividers, F(1, 33) = 89.71, MSE = 2.48, p 
< .001, η2p = .73; and voting machine placement within the 
polling station, F(2, 66) = 7.01, MSE = 1.47, p < .002, η2p = .18. 
There was evidence of a linear trend (-1 0 1) for voting machine 
placement, t(34) = 4.79, p < .001, d = .81. Accordingly, 
anticipated usability ratings were higher when there was about 
0.75 meters of space between voting machines, as opposed to 
when the units touched one another. Participants reported 
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higher usability when there were dividers on the voting 
machines. Moreover, anticipated usability changed depending on 
the configuration of the voting machines, with it having been the 
lowest when two rows faced each other in the middle of the 
polling station and the highest when one long row was placed in 
the middle of the room facing the entrance. 

 
Figure 4. Bar graph of mean usability adjective rating as a function of polling 
station configuration, with error bars representing 95% confidence intervals 
 
 One statistically significant interaction was found: presence 
of dividers by placement, F(2, 66) = 9.73, MSE = 0.67, p < .001, 
η2p = .23. A custom interaction contrast was performed to 
determine if there was evidence of a quadratic trend with respect 
to layout conditions (1 -2 1) and whether or not the curves were 
the same despite divider condition (-1 1). It was revealed that the 
quadratic trends of layout were different for the presence of 
dividers and the absence of dividers, t(34) = 4.10, p < .001, d 
= .69. Figure 6 shows that when dividers were not placed on the 
voting machines, anticipated usability was lower for the two 
rows of facing voting machines and higher when they were in a 
single row. In contrast, when there were dividers on the voting 
machines, anticipated system usability was lower when voting 
machines were placed facing each other in two rows or in a 
single line that left voters’ backs facing the entrance and exits of 
the polling station; it was higher when voting systems were 
placed in a single row that allowed voters to face the room’s  

 
Figure 6. Usability adjective rating as a function of layout, with each line type 
representing the presence and absence of dividers 
 

entrance. It should also be noted that usability rating differences 
between the presence and absence of dividers were greatest 
when voting machines faced each other in two rows or faced the 
door in a single line—implying the presence of dividers on the 
voting machines in these two layouts impacted anticipated 
usability the most. 
 
 The letter grade usability measure yielded nearly identical 
results, which was not surprising due its high correlation (r 
= .80) with the adjective rating scale  (Kortum & Bangor, 2012). 
The satisfaction ratings and overall preferences also aligned with 
the adjective rating scale findings. Due to the similarity in 
patterns found across these measures, their results are not 
presented. 
 

DISCUSSION 
 
 This study showed that environmental attributes of a polling 
station have the potential to impact perceptions of immanent 
voting system usability and related measures. However, it is not 
clear why specific polling station layouts were associated with 
being more usable than others. 
 One possible explanation is that anticipated usability ratings 
were tied to a latent, unmeasured variable. In this case, users 
might not have been directly evaluating how different design 
elements impacted their anticipated voting performance. Rather 
they might have been evaluating how these design elements 
impacted the unidentified variable. One likely candidate for this 
variable is the construct of privacy. In the context of elections, 
privacy is the assurance that a voter’s selections on a ballot are 
always anonymous. One way to prevent people from seeing how 
a person voted is to leverage physical elements that make up the 
environment so that they obstruct views. Voters might feel that 
the addition of dividers, spacing between units, and specific 
orientations and placements of DREs allows them to both 
protect their selections on a ballot from the observation of 
others while also monitoring who might be watching them. 
Hence, if privacy is somehow linked to anticipated usability 
ratings, then this variable might have been affecting the 
participants’ ratings. 
 Related to the latent variable hypothesis is the possibility 
that users were simply unable to determine how to rate the 
perceived, likely usability of the system as the layouts of the 
electronic voting machines are the only factors that seemed to 
change. In this case, even though we asked participants about 
anticipated system usability, subjects instead provided ratings for 
overall affect. If users felt positively about a system in a 
particular environment, then their perception was expressed as 
an increase in perceived usability. The possibility of a second 
subjective factor would not necessarily be detrimental to our 
conclusions because anticipated usability and personal judgments 
could be strongly correlated due to general leniency (Bernardin 
et. al., 2000).  
 While these are plausible explanations, there was no 
evidence that either a latent variable or a construct substitution 
were driving these findings. Instead, we argue that users are 
actually weighing different environmental factors in their 
projected system usability assessments. 
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 If participants in fact assessed anticipated usability, what are 
some of the possible explanations that might account for 
assessments changing with environmental factors?  Perhaps 
participants thought that specific voting station configurations 
within the polling place might reduce potential distractions. 
These distractions could include movement of voters to and 
from the individual voting machines, conversations between 
polling officials, voters standing at the polling station entrance, 
and other voters’ behaviors as they mark their ballots. Particular 
design elements such as dividers placed around the interface, 
layouts that minimized the number of people standing nearby, 
and space between the stations might have made the user believe 
that these kinds of distractions would be minimized, thus 
enhancing their anticipated performance while using the system. 
Since the definition of usability includes performance as 
expressed through the constructs of effectiveness and efficiency 
(ISO, 1998), then inclusion of these elements would certainly 
enhance expected usability. The same could be true for voting 
station orientation. Configurations that made users feel they 
could more easily walk to, select, and leave a booth might have 
increased perceptions of future usability. Orientation might also 
be related to a voter’s perception of how much effort they felt 
they would need to exert to guard against others seeing their 
ballot selections. Configurations that promoted a voter's sense of 
security might be minimizing the voter’s anticipated effort 
required to guard against such privacy intrusions—leading to a 
more efficient, hence more usable, voting experience. 
 Alternately, voters might not have directly considered the 
impact of environmental elements on their personal 
effectiveness and efficiency in the voting booth. Instead they 
might have assessed the overall care put into developing the 
polling station layout with regards to voter needs and 
convenience. Based on this evaluation, they might have inferred 
that if a polling station’s space was carefully organized, then the 
voting machine would also be well designed and thus easy to use.  
 More than likely, several of these explanations accounted 
for participants’ perceptions of expected voting system usability 
within the polling place. This claim is aligned with Hassenzahl & 
Tractinsky’s research that explained how user experiences are a 
combination of various elements—from moods, expectations, 
and environments to goals and tasks (2006). Future research will 
need to consider methods that can parse the specific reasons for 
the findings reported here.  

 
CONCLUSION 

 
 The placement and configuration of voting systems within a 
polling station likely matter. This study suggests that leaving 
space between electronic voting machines, ensuring that the 
systems have dividers or screens around the interface, and laying 
out the equipment so that voters do not face one another all 
potentially increase levels of anticipated voting system usability. 
These results highlight the need for further research on voting 
and facets of system usability because they illustrate that physical 
attributes of an environment may impact subjective perceptions 
that could influence satisfaction and future system use.  
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