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1 Introduction

Many of the digital devices encountered in everyday life operate similarly to one

another. Common desktop operating systems produced by Microsoft and Apple have

been more or less the same for years, relying on the same set of operations with a

mouse and keyboard to allow users to effectively navigate files, programs, and settings.

General-purpose digital devices, such as smartphones, are similarly consistent, with

users able to tap, pinch, zoom, and swipe to achieve the same goals on devices from

different manufacturers. Consistency like this allows for easy knowledge transfer when

switching from one device to another, but what about devices that, by their nature,

cannot have touchscreens, mice, or keyboards? There are a wide variety of digital

devices in use today that are complex enough to be confusing to a new user, yet

simple enough to require a simple navigation system.

2 Background and Literature Review

2.1 Special-Purpose Handheld Devices

This project focuses on usability in special-purpose handheld digital devices (SPHDDs).

The term for these devices is necessarily long, in order to distinguish from certain mo-

bile devices such as smartphones encountered in everyday use. These general purpose

devices can be referred to as “handheld mobile devices” (Gong, 2007), a term which

could include both types of handheld devices. “Special-purpose” is not meant to
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mean a device has only one function, but that it is not intended as a general-purpose

digital assistant to everyday life. An example of such a device is a precision targeting

device such as those in use by the U.S. Army. A targeting device resembles a large

pair of binoculars, and carries a Global Positioning System and a laser rangefinder,

along with other components that allow an Army Forward Observer to accurately

calculate the coordinates of faraway people or objects. The device exists to fulfull a

particular purpose, and is usually handled by an expert user. Another such device

would be a digital camera. A camera serves the singular purpose of taking pictures,

and all the menu options and settings it contains serve to further that purpose. Hav-

ing a single purpose does not mean they are simple. These devices may have many

functions and settings related to the primary purpose, possibly requiring complicated

menu structures or large numbers of buttons.

2.2 Usability

“Usability” is a general term, not to be confused with “user-friendly”, which is difficult

to define. Usability can be measured by several metrics:

Learnability is a measure of how much time and effort it takes for a new user to

learn how to use a system. This is more important for systems that will be

rarely used or for systems where training time is limited. Even in other cases

like the targeting device example, learnability can be a factor in emergencies

where another user must fill in for a trained user.
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Effectiveness is described as “the ability of users to complete tasks using the system,

and the quality of the output of those tasks” (Brooke, 1996), meaning it includes

the objective quality of whether or not the task can be done, the objective

quality of the performance (including metrics like speed and accuracy), and the

possibly subjective quality of the output.

Efficiency refers to the amount of resources (usually time or number of actions)

consumed completing tasks. For more complex systems like the targeting device,

lack of clarity could cause users to waste time looking through menus unrelated

to their current tasks.

Memorability is a measure of how much training the user retains between uses.

This may not be necessary for easy-to-learn devices, but a memorable interface

can enhance a user’s experience on other devices with similar interfaces. A user

who encounters the same design pattern, such as a dropdown menu, will be able

to learn faster on other systems with that pattern as a result.

User Satisfaction involves the users’ purely subjective impression of the system

(Brooks, 1996). Regardless of its subjectivity, it is still an important measure

to ensure that a user is willing to use the system again later.

The literature includes many different definitions for usability, but most include some

or all of the above components. Brooks (1996) includes effectiveness, efficiency, and

satisfaction. Macnamara (2006) includes transparency, learnability, and external sup-
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port sources such as guides and user manuals. Macnamara also summarizes defini-

tions from other authors: one defines usability to include “effectiveness, learnability,

flexibility, and user satisfaction” (Shackel, 1991), while another author says usability

includes “learnability, memorability, errors, and satisfaction” (Nielsen, 1993), and a

third says it includes “effectiveness, efficiency, and satisfaction” (ISO 9241, 1998).

As usability is a subject of interest to both academic researchers and developers

of consumer products, some of the literature aimed at effective business practices can

be useful. Vrendenburg, Isensee, and Righi (2002) aim at for-profit ventures but lay

out a clear description of a usability test for evaluating the usability of a web site.

They created a set of search tasks from the information on the site, and recruited

14 participants to attempt to find the information. The investigators recorded the

users’ speed, search paths, errors, and interview responses afterward to gauge the

users’ satisfaction with the system. They also include some metadata about the tests

themselves, noting that as the number of users increases, a larger number of usability

problems are found, but with diminishing returns. This means the benefit-to-cost

ratio decreases rapidly after about six participants. They set forth a general outline

of all the parts necessary for a usability study:

• Some prototype device for participants to operate - The device should be ade-

quately similar to a real device.

• A background questionnaire - This may be used to gather potentially relevant

information such as a user’s video game experience.
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• Instructions for the test facilitator - These should be specific enough to prevent

any variations that might affect a participant’s performance.

• Instructions for the participant - These should give the participant enough in-

formation to complete the task.

• Data collection forms - These can include both numeric responses like the Sys-

tem Usability Survey, and open-ended responses like a comment section.

• Recording equipment - This can include audio recording for interviews, auto-

mated methods to measure participant performance, or just a pen and paper

for some responses.

• Confidentiality and consent forms - Required by whichever organization oversees

research. In this study, it was the Oregon State University Institutional Review

Board.

• Interview questions for after the task - These should give participants the chance

to share any thoughts that were not covered in written surveys.

A commonly used option for measuring usability is the System Usability Scale, de-

veloped by Brooke (1996) and used extensively since. This metric consists of ten

statements, each with a five- or seven-point scale ranging from “strongly agree” to

“strongly disagree”:

1. I think that I would like to use this system frequently.
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2. I found the system unnecessarily complex.

3. I thought the system was easy to use.

4. I think that I would need the support of a technical person to be able

to use this system.

5. I found the various functions in this system were well integrated.

6. I thought there was too much inconsistency in this system.

7. I would imagine that most people would learn to use this system very

quickly.

8. I found the system very cumbersome to use.

9. I felt very confident using the system.

10. I needed to learn a lot of things before I could get going with this

system.

The SUS score is calculated by the following procedure: For each response rating x

to an odd-numbered question, add x − 1 to the total. For each response rating y to

an even-numbered question, add z − y to the total, where z is the maximum (either

5 or 7). Multiply the total by 2.5 to get the final score. For a five-point scale, 68 is

considered a good score (Brooke, 1996). An analysis of ten years of data collected

using the System Usability Scale in various studies concluded that it is “a highly

robust and versatile tool” (Bangor, 2008). The present study utilized it as a measure

of overall satisfaction, as a user’s perception of a device can be just as important as
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their real performance with it.

An alternative system of measurement is the Post-Study System Usability Ques-

tionnaire. This questionnaire consists of 19 statements, where users are asked to rate

their level of agreement with each statement from 1 to 7. Some questions are more

general, like “I felt comfortable using this system”, while some were more specific,

such as “Whenever I made a mistake using the system, I could recover easily and

quickly”. Estimates of reliability for this scale have indicated that it is “significantly

generalizable”, making it another good option for a variety of systems (Lewis, 2002).

2.3 General UI Principles

Eberts’s User Interface Design identifies three types of human-machine interfaces.

There are command interfaces, where the user types a command. These can be fast

but require an experienced user. They typically have no graphics or no capability

to provide any visual depictions of options, limiting their utility. Figure 1 shows an

example of a command interface where a user requests the contents of a directory.

There are fill-in-the-blank displays, where the user is presented questions and must

type answers. These UIs can still be found on websites, for example, when filling out

a form with one’s personal information (Figure 2).

An experiment comparing these interfaces found that menus, discussed in the next

section, result in significantly fewer user errors, even when other interfaces have edit

feedback functions such as autocompleting common commands (Gade, 1981). Since
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Figure 1: Example of a command line interface

then, existing literature contains relatively consistent descriptions of how to maintain

usability in a menu, although relatively little description exists before. Menus are

simple enough (from the user’s perspective) yet versatile enough that they are now

found in a wide range of devices where users must choose from a set of options.

2.4 Menus and Menu Navigation

Menus come in a variety of forms, such as dropdown menus on webpages, file browsing

windows, and ATMs. Some unusual menu geometries exist, such as circular menus,

which have the benefit of taking a single motion to choose any item, as seen in Figure

3. This study focuses on linear menus, where a menu is a list of items in a line, and

the user selects one by navigating to it and confirming it somehow. See Figure 4.
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Figure 2: Example of a fill-in-the-blank interface for the user to enter contact infor-
mation

Figure 3: Example of a circular interface from the video game series Grand Theft Auto
which allows the player to select a weapon by pressing a direction on an 8-direction
control pad

Menu navigation is a term that includes both the appearance of the menu and

the technique by which the user interacts with it. Most menus on a computer allow

the user to navigate by pointing and clicking with a mouse. Some menus also allow

navigation by keyboard presses, such as the shortcuts displayed in Figure 5.

For more complex devices, it is frequently infeasible to display all the menu items

at once, and instead they are grouped into submenus, as in Figure 6. It is generally
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Figure 4: Example of a common menu-based interface used to locate files

recommended to have about 4-8 items per menu, with additional levels of menus

added if necessary (Huang, 2009). To minimize confusion, top-level and bottom-level

menus may have more items, but mid-level menus should have fewer (Huang, 2009).

Menu navigation ability can be influenced by many factors, including age, spatial

ability, technical confidence, verbal memory, and computer experience of users (Dow,

2000).

2.5 Handedness and Menu Navigation

Compared to other factors, there is relatively little available research on the effect

of handedness on menu navigation. One might expect it to have a role, as many

fine motor tasks, like writing legibly, are much harder with the non-preferred hand.

A study found that handedness does not matter for some activities like rhythmically

tapping one’s fingers, but it does matter for a visually controlled aiming test (Flowers,
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Figure 5: Example of a linear dropdown menu in a text editing tool. Note the
highlighting used to show which item is active.

Figure 6: Example of a submenu expanded from a menu item

1975). One master’s thesis study involving handedness used a web browser with the

usual right-side scroll bar moved to the left for left-handed users (Berahzer, 2005). It

found that left-handers actually did better regardless of where the scroll bar was. The

study also noted from participant interviews that nearly all left-handed participants

used a right-handed mouse and browser the same way as the general population.

Further, Vaughan (2012) summarizes existing literature having to do with hand-

edness, finding that increased speed comes at the cost of accuracy, an effect which

13



is more pronounced when using the non-preferred hand. Vaughan also suggests that

“hemispheric specialization” may exist in motor control, meaning there is a significant

difference in how the brain controls each arm. It appears that having a particular

pattern of use forced on a left-hander early on may have a big impact on how much

adaptability is necessary. This may be an area for future research involving special-

purpose handheld digital devices.

2.6 Objective and Research Questions

The objective of the study was to explore whether a device’s usability can be enhanced

by creating a different version for left-handed as opposed to right-handed users. The

research question is “Does a user’s handedness affect the speed, accuracy, and satis-

faction with which they can navigate a menu on a special-purpose handheld digital

device?” The experiment described below was constructed to answer this question.

3 Methodology

3.1 Participant Recruitment

Participants were recruited with posts on social media pages and with the Oregon

State University Computer Science Department mailing list. Requirements for par-

ticipation were as follows:

• At least 18 years old. This was a requirement to simplify the consent process,
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as minors require parental consent as well, and because the interest of the study

was on adult users.

• Able to fluently read, write, and speak English. This was necessary for a par-

ticipant to read the words in the interface, and to complete the written survey

and verbal interview.

• Have no disability in either arms or hands. Participants had to be able to hold

a device in two hands and manipulate it with their thumbs on both hands.

• Must be left- or right-hand dominant (i.e. not ambidextrous). Since the study

focused on participants using their preferred vs. nonpreferred hand, ambidex-

trous participants might yield ambiguous results.

Each participant was compensated with a gift card for a nearby coffee shop worth

$1.50, enough for a small coffee. Each participant was also entered into a random

drawing, with the winner to receive a gift card for the university bookstore worth

$100. Participants were still allowed to enter the drawing if they read the consent

form and decided not to participate, but this never happened in practice. The consent

form, included in Appendix A, included information about the purpose of the study,

and a summary of the compensation for participating. It also included information

about the lack of significant risks and benefits of the study for the participants, as

well as privacy information and the researchers’ contact information.
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3.2 Research Tools

A special device developed for other experiments, called a special-purpose handheld

electro-optical device emulator, was used in this study. The origin of the emulator

device involved usability studies for the US Army. The Army requested a device

that could be used to emulate a variety of potential targeting device designs, both

physically and in the graphical user interface. The emulator and associated software

was originally constructed by several mechanical, electrical, and software engineering

students as part of their senior capstone projects. The overall function of the emulator

is to allow rapid prototyping of digital devices, particularly their display designs and

control layouts. It allows buttons and other physical controls to be easily attached

and moved, and allows the webcam overlay display to be easily modified. Mappings

between buttons and controls can also be easily edited.

The device is composed of 3d-printed plastic housing in the shape of a rounded

box, with a webcam embedded in the front and a pair of video glasses in the back

(Figures 7a and 7b), which display the webcam feed. The top is covered by a LEGO

plate with two channels cut in it. Additional LEGO strips holding embedded buttons

can be placed over the channels, allowing the researcher to rearrange buttons and

switches as desired. There are two additional slots on the back left and right sides.

In this experiment, these two slots were used to place a four-directional pad with a

center-press ability. The pad was detachable and could be moved between the left

and right slots to create different interfaces described later. For this study, the pad

16



was mapped so that an up press moved up in the menu, down moved down, and a

center press confirmed the selection. Left and right presses did nothing.

The interior of the device contains an Arduino processor board used to connect

the buttons, viewer, and webcam to USB and HDMI output ports. These ports are

connected via cables to the a laptop computer, where different menu interface files

can be loaded onto the emulator software and displayed in the viewer overlaying the

webcam feed. The interface file is a simple text file which can be modified with a text

editor to create different menu systems.

Figure 7a: The emulator viewed from the top
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Figure 7b: The emulator viewed from the back. Note the directional pad mounted in
the back lower right, with an open port for it in the lower left.

The menu interfaces used in the study were constructed by modifying an interface

created for an earlier study. The original interface was meant to emulate a preci-

sion targeting device, and contained a relatively simple menu structure, consisting of

seven top-level items, most of which did not have associated submenus. The original

interface had a maximum menu depth of five. Two equivalent menu systems were

created for this study to support the experimental design (described in Procedure):

a hypothetical user interface for a digital camera and one for a targeting device. Nei-

ther of these two new interfaces had any significant functionality besides what was

needed to navigate, open, and close menus.

For the camera interface, a borrowed digital camera was used to find a realistic

menu structure and item labels, and this structure was recreated as an interface usable

on the emulator. None of the added items had any functionality other than opening

and closing submenus. Each second- and third-level menu had between two and five
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items, with no fourth- or fifth- level menus.

The second interface was created by copying the first, and renaming most of the

items to items that might be found in a targeting device. Some were taken from the

original emulator interface while some were invented. Items were still grouped into

submenus by category, and kept the same menu structure as the camera interface.

Part of the camera menu structure is shown below, and the full menu structures for

both menu interfaces can be found in Appendix B.

• Camera

– Quality

∗ XSmall
∗ Small
∗ Medium
∗ Large

∗ XLarge

∗ QUIT

– Red Eye

∗ On
∗ Off
∗ QUIT

– Beep

∗ On
∗ Off
∗ QUIT
∗ . . .

3.3 Procedure

Participants were first given a brief explanation of the study and were given the

consent form (found in Appendix A) to read and sign. Use of the emulator involved

four interfaces:

C-P The camera interface with the control pad on the side of the participant’s pre-

ferred hand
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C-NP The camera interface with the control pad on the side of the participant’s

non-preferred hand

TD-P The targeting device interface with the control pad on the side of the partic-

ipant’s preferred hand

TD-NP The targeting device interface with the control pad on the side of the par-

ticipant’s non-preferred hand

The bolded designations are used to refer to the interfaces later. Each interface was

used to perform two menu navigation tasks, designated C-P-1 and C-P-2 for the first

interface listed above, C-NP-1 and C-NP-2 for the second, and so on.

Figure 8: The digital camera display as first seen by the participant. The left column
composes the root menu. Most of the other elements are artifacts from previous
studies, and disappear when the user enters a menu.

The four interfaces could be presented in 24 possible orders, so each of 24 partic-

ipants was shown the interfaces in a different order to avoid an ordering effect. Each
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Figure 9: The menu area of the digital camera interface at the second-layer menu,
partway through completing the first task

participant was asked to complete two tasks on each interface. Immediately after

reading the task, the researcher manually pressed a button on the laptop to place a

timestamp in the emulator log, and the emulator automatically placed a timestamp

when the user pressed the center select button to complete the task. The difference

between these timestamps was recorded as the time taken to accomplish the task.

While observing the user complete the task, the researcher manually counted the

number of errors made in the process. An “error” was counted as opening an incor-

rect menu, or highlighting the correct menu or bottom-level item and then moving

past it.
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Figure 10: The menu area of the digital camera interface at the completion of the
first task

For the camera interface, participants were asked to turn the “Camera Beep Off”,

which was in the Camera menu, in the Beep submenu (Tasks C-P-1 and C-NP-1,

Figures 9 and 10). They were also asked to set the language to French, which was

found under “Addl. Settings” and “Language” (Tasks C-P-2 and C-NP-2). For the

targeting device, users were asked to “Turn the crosshair view off”, an option found

under “View” and “Crosshair” (Tasks TD-P-1 and TD-NP-1). They were also asked

to set the maximum range to four kilometers, an option found under “Range Finder”

and “Max Range” (Tasks TD-P-2 and TD-NP-2).

Following the completion of each interface, participants were asked to fill out the

corresponding section in the written survey (see the System Usability Scale in section

2.2), and were asked to write down any comments or suggestions about the interface.
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In the interview section (after completing all four interfaces), participants were

asked a series of questions by the researcher. The conversations were audio-recorded,

and the researcher also took notes manually. The questions centered on video game

experience and general observations about usability, for example “What made one of

the devices easy to operate?” The full set of questions can be found in Appendix C.

4 Results

4.1 Participant Information and Performance

Of the 24 participants, 23 were right-handed and one was left-handed. The median

age was 21 years, with a minimum of 18 years and a maximum of 50 years. Table

1 and Figure 11 describe the number of errors made for each task, and Table 2 and

Figure 12 describe the speed for each task. In the box and whisker plots, the left and

right whisker represent the minimum and maximum, respectively. The inner divisions

represent the first quartile, median, and third quartile.

Table 1: Number of Errors

Task Min Max Mean Standard Deviation
C-P-1 0 5 1.25 1.56
C-P-2 0 6 0.66 1.37
C-NP-1 0 7 1.04 1.69
C-NP-2 0 5 0.58 1.28
TD-P-1 0 4 0.87 1.20
TD-P-2 0 4 0.62 1.14
TD-NP-1 0 6 0.91 1.57
TD-NP-2 0 2 0.16 0.47
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Figure 11: Number of Errors
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Table 2: Speed, in seconds

Task Min Max Mean Standard Deviation
C-P-1 3.9 143.9 25.67 31.19
C-P-2 4.9 35.7 12.59 7.37
C-NP-1 4.5 75.4 19.83 18.57
C-NP-2 4.8 66.7 16.31 15.62
TD-P-1 5.1 45.1 18.19 11.98
TD-P-2 6.3 46.3 16.04 9.11
TD-NP-1 4 76.1 18.65 16.29
TD-NP-2 3.7 33.2 14.04 7.12
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Figure 12: Speed, in Seconds
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4.2 Written Survey

Due to an editing mistake, the System Usability Scale was distributed to participants

with “1” labeled as “Strongly Agree” and “7” as “Strongly Disagree”, the reverse of

the usual direction found in the literature review. To correct for this, each numeric

response x was replaced with 8−x before adding the totals. Usability scores for each

of the four interfaces are presented in Table 3 and Figure 13.

Table 3: System Usability Scale Scores

Interface Min Max Mean Standard Deviation
C-P 65 142.5 115.7 20.8
C-NP 55 145 118.5 21.8
RF-P 60 150 118.9 24.7
RF-NP 72.5 150 122.1 19.9
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Figure 13: System Usability Scale Scores
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4.3 Interview Responses

Common responses (given by at least five participants) from the verbal interview

were also tallied. The following are some of the most common statements, with the

number of participants mentioning each in parentheses:

• The participant thought the menu labels to be confusing on the camera interface

(12)

• The participant found the menus to be logically organized. (11)

• The participant expected that he/she would be able to press left on the control

pad in order to exit a menu, but was unable to do so. (5)

• The participant felt more comfortable with the system after taking some time

to learn it. (5)

• The participant found the control pad hardware difficult to use. (5)
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• The participant had difficulty reading the small font. (5)

4.4 Video Game Experience

All participants reported having played a video game before. The frequency with

which each participant played video games is described in Table 4.

4.5 Analysis

The data were analyzed using paired, two-tailed t-tests. Each pair of tasks were the

same except for the handedness of the interface, so C-P-1 was tested against C-NP-1,

and so forth. Levels of significance for these tests are found in Figure 5.

None of the t-tests were statistically significant at p < 0.05, meaning the study did

not find a significant performance difference between the preferred and non-preferred

hand. One potential reason for this could be that all participants had experience

with video games. Most modern console games require the player to operate two

directional controls simultaneously and independently, so this experience may affect

Table 4: Frequency of Video Game Play

Frequency Number of Participants
Not anymore (but have played in past) 1
Rarely 6
2-4 times per week 7
Nearly every day 2
Every day, less than two hours 3
At least two hours per day 4
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Table 5: Statistical Significance

Comparison p-values
Errors
C-P-1 vs. C-NP-1 0.707
C-P-2 vs. C-NP-2 0.842
TD-P-1 vs. TD-NP-1 0.925
TD-P-2 vs. TD-NP-2 0.11
Speed
C-P-1 vs. C-NP-1 0.486
C-P-2 vs. C-NP-2 0.300
TD-P-1 vs. TD-NP-1 0.924
TD-P-2 vs. TD-NP-2 0.417
Usability Survey
C-P vs. C-NP 0.404
TD-P vs. TD-NP 0.471

how pronounced the difference between hands is for the general population. A brief

post-hoc analysis was conducted by comparing only the seven most frequent gamers

(those who played every day) with the seven least frequent gamers (those who played

rarely or never). The frequent gamers made fewer of errors, and were actually slower

on average than the infrequent gamers, but the differences were not significant at the

p=0.05 level.

5 Discussion

Although the study did not find a statistically significant difference, handedness likely

still plays a role in usability, albeit perhaps not as much as other factors. Several lim-

itations in this study may have obscured handedness differences among other effects.
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UI Difficulties Several unanticipated factors made the interfaces difficult to use in

ways that distracted from the intended challenge of searching and navigating through

the menus. The small font meant that participants with imperfect vision had to

keep their glasses on, meaning they could not hold the eyepiece as close as other

participants. Additionally, the directional pad had no tactile feedback such as a

clicking noise or physical change when it was pressed, so users sometimes moved

further than intended or had to try multiple times for one action. These difficulties

happened to some participants and not others, and with a small sample size, such

variability could have obscured real differences between the interfaces.

Written Survey As mentioned earlier, the survey was reversed from the usual di-

rection, although this did not seem to affect any participants.

Interview Many participants were people who know the student researcher person-

ally. As a result, they may have been less willing to criticize the emulator or the

interfaces than otherwise.

Left-handers There was only one left-handed participant. As left-handed people

make up 10% of the population, two or three left-handed people would have been

more representative of the population. With such a small sample size, this is just due

to bad luck rather than flawed recruitment.

Insufficiently Challenging Tasks The study only asked participants to descend

through two levels of menus, twice for each interface. If the tasks had been more
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complicated or more numerous, they may have brought out greater differences in

performance.

Variances in Test Procedure The test procedure was not as tightly controlled as

possible, particularly on starting the timer. The task introductions were given ver-

bally, and the timer was started as soon as the researcher was done giving instruction

for the task. However, participants were not told whether to wait after completing

a task. Some participants stopped after finishing the first task, while others started

navigating back to the root menu, anticipating that they would be asked to do some-

thing else and trying to be in a central position. Since later tasks matched earlier

tasks, participants sometimes started moving for the second task before being in-

structed to do so. This could have been improved by asking participants to stop once

they completed a task and wait for further direction, or by having different tasks for

each interface.

Learning Effect In this study, participants had to search through a menu at first,

but were later given the same menu and task to do again. As a result, half of the

tasks were completed with participants who had never seen the interface before, while

the other half were not. If the study had been able to focus on either experienced

or inexperienced users, it would have eliminated a possible confounding factor. The

results from TD-P-2 vs. TD-NP-2 may indicate that experienced users have less

variance. This pairing had the smallest p-value, contained the most clear interface

(as indicated by interviews), and was the second task, meaning participants had more
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experience with the interface than in other tasks.

6 Conclusion and Recommendations

This study sought to find a relationship between handedness and usability for special-

purpose handheld digital devices. Although no significant differences between preferred-

and non-preferred-handed interfaces were found, it provided some insight into other

factors that affect a user’s ability to quickly and accurately use such a device. This

study could have been further improved with a more thorough literature review. Ad-

ditional background information on handedness and its effect on speed and accuracy

could have helped directly, while related information on displays and menu geometry

could have helped set up a more effective interface. Further studies could look at

whether handedness has a greater effect for experienced versus inexperienced users.

This study touched on both, because participants had to search through a menu at

first, but were later given the same menu and task to do again.
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Insert PI’s departmental letterhead here 

 

OSU IRB Study # 7317 Expiration Date: 04/12/2017 
 

 
CONSENT FORM 

 
Project Title: Evaluating Menu Navigation Techniques for Single-Purpose Handheld 

User Interfaces 
Principal Investigator: Dr. Kenneth H. Funk II 
Student Researchers:  Lucas Bengtson, Tucker Barnes 
Version Date:    4/6/2016 
 

 

1. WHAT IS THE PURPOSE OF THIS FORM? 

 
This form contains information you will need to help you decide whether to be in this research 
study or not.  Please read the form carefully and ask the study team member(s) questions 
about anything that is not clear. 
 
2. WHY IS THIS RESEARCH STUDY BEING DONE? 

 
The purpose of this research study is to identify how to make menus easier to navigate on 
hand-held devices.  
 
This study is being conducted by a student for the completion of a thesis. 

3. WHY AM I BEING INVITED TO TAKE PART IN THIS STUDY? 

 
You are being asked to take part in this study because you are someone who might use a two-
handed device with a menu navigation system.   
 
4. WHAT WILL HAPPEN IF I TAKE PART IN THIS RESEARCH STUDY?   
After you have finished reading and signing this document, the usability tests will involve you 
spending about five minutes navigating each of two to four interface designs using a handheld 
device emulator. After each design you will answer a written survey based on your experiences 
during the usability test. These surveys will each take about two minutes. Finally, you will 
participate in a face-to-face interview with the researcher. 
 
Study duration: It should take about five minutes to complete this form, the menu navigation 
test should take about 20 minutes, and the survey and interview should take about 20 minutes.  
The total time spent on this study should be 45 minutes to an hour.   
 

a. AUDIO RECORDINGS:  
Your interview may be audio-recorded to assist in taking notes.  Audio recordings will not be 

released to anyone outside the research team. If you do not want to be audio recorded, please decline 

to participate in this research. 



OSU IRB Study # 7317 Expiration Date: 04/12/2017 

 

 

5. WHAT ARE THE RISKS AND POSSIBLE DISCOMFORTS OF THIS STUDY? 

We foresee no significant risks in participating in this study, however there is a chance that we 
could accidently disclose information that identifies you. 
 

6. WHAT ARE THE BENEFITS OF THIS STUDY? 

This study is not designed to benefit you directly.   

7. WILL I BE PAID FOR BEING IN THIS STUDY? 

We will give everyone who enrolls in this study a card for a free coffee. We will also enter your 
name into a drawing for a $100 gift card to the OSU Beaver Store. The chance of winning is 
about 1 in 48. We cannot guarantee that you will win a prize. We can enter you into the 
drawing even if you choose not to be in the study or if you choose not to finish the activities. 

8. WHO WILL SEE THE INFORMATION I GIVE?  

The information you provide during this research study will be kept confidential to the extent 
permitted by law. No one outside the OSU research team will see the information you provide. 
Research records will be stored securely and only researchers will have access to the records. 
Federal regulatory agencies, and the Oregon State University Institutional Review 
Board (a committee that reviews and approves research studies) may inspect and copy records 
pertaining to this research. Some of these records could contain information that personally 
identifies you. 
There is a chance that we could accidentally disclose information that identifies you. But 
multiple measures have been put in place to protect against such an incident from occurring, 
including several measures to protect collected data, protect your confidentiality, and minimize 
collection of any data that could be used to identify you. 
 
9. WHAT OTHER CHOICES DO I HAVE IF I DO NOT TAKE PART IN THIS STUDY? 
 
Participation in this study is voluntary.  If you decide to participate, you are free to withdraw at 
any time without penalty. If you choose to withdraw from this project before it ends, the 
researchers may keep information collected about you and this information may be included in 
study reports. 
 

10. WHO DO I CONTACT IF I HAVE QUESTIONS? 

 
If you have any questions about this research project, please contact Lucas Bengtson (Student 
Researcher) at 503-781-1650 or bengtsol@oregonstate.edu), or Dr. Kenneth Funk II (Principal 
Investigator) at funkk@engr.oregonstate.edu or 541-737-2357. 
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If you have questions about your rights or welfare as a participant, please contact the Oregon 
State University Institutional Review Board (IRB) Office, at (541) 737-8008 or by email at 
IRB@oregonstate.edu 
 
11. WHAT DOES MY SIGNATURE ON THIS CONSENT FORM MEAN? 
 
Your signature indicates that this study has been explained to you, that your questions have been 
answered, and that you agree to take part in this study.  You will receive a copy of this form. 
 
Do not sign after the expiration date:  04/12/2017 
 
Participant's Name (printed):  _________________________________________________ 
 
_________________________________________ _______________________________ 
 (Signature of Participant)       (Date) 

 
_________________________________________ _______________________________ 
(Signature of Person Obtaining Consent)      (Date) 
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Appendix B - Menu Structures

B.1 Camera Interface Menu Structure
• Camera

– Quality

∗ XSmall
∗ Small
∗ Medium
∗ Large

∗ XLarge

∗ QUIT

– Red Eye

∗ On
∗ Off
∗ QUIT

– Beep

∗ On
∗ Off
∗ QUIT

– Shoot w/o card

∗ On
∗ Off
∗ QUIT

– Review Time

∗ Off
∗ 2 Sec
∗ 4 Sec
∗ 8 Sec
∗ Hold
∗ QUIT

– QUIT

• Playback

– Protect Images

– Rotate

– Erase Images

– Print Order

– Histogram

– QUIT

• Camera Settings

– Auto Power Off

∗ 30 sec
∗ 1 min
∗ 2 min
∗ 5 min
∗ 10 min
∗ QUIT

– File Numbering
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∗ Continuous
∗ Auto Reset
∗ Manual Reset
∗ QUIT

– Auto Rotate

∗ On (Cam + PC)

∗ On (PC Only)

∗ Off
∗ QUIT

– LCD off/on btn

∗ Shutter BTN
∗ Shutter/DISP

∗ Remains On
∗ QUIT

– Screen Color

∗ White/Black

∗ Black/White

∗ LightBlue/Blue

∗ DarkBrown/LightBrown

∗ QUIT

• Addl. Settings

– LCD Brightness

∗ 1
∗ 2
∗ 3
∗ 4
∗ 5
∗ QUIT

– Date/Time

– Language

∗ English

∗ Espanol

∗ Deutsche
∗ Francais
∗ Italiano
∗ QUIT

– Video System

∗ NTSC
∗ PAL
∗ QUIT

– Sensor Cleaning

∗ Autoclean On
∗ Autoclean Off
∗ Clean Now
∗ QUIT

• Flash

• Timer

• Close
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B.2 Rangefinder Interface Menu Structure
• Camera

– Quality

∗ XSmall
∗ Small
∗ Medium
∗ Large

∗ XLarge

∗ QUIT

– Crosshair

∗ On
∗ Off
∗ QUIT

– Beep

∗ On
∗ Off
∗ QUIT

– Compass

∗ On
∗ Off
∗ QUIT

– Review Time

∗ Off
∗ 2 Sec
∗ 4 Sec
∗ 8 Sec
∗ Hold
∗ QUIT

– QUIT

• Location

– Set Self Location

– Find Range

– Acquire Satellites

– Display Elevation

– GPS

∗ On
∗ Off
∗ QUIT

– QUIT

• Range Finder

– Max Range

∗ 200m
∗ 500m
∗ 1km
∗ 4km
∗ 8km
∗ QUIT

– Min Dist. Warn

∗ On
∗ Auto
∗ Off
∗ QUIT

– Noise Filter

∗ On
∗ Auto
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∗ Off
∗ QUIT

– LCD off/on btn

∗ Shutter BTN
∗ Shutter/DISP

∗ Remains On
∗ QUIT

– Screen Color

∗ White/Black

∗ Black/White

∗ LightBlue/Blue

∗ DarkBrown/LightBrown

∗ QUIT

• Addl. Settings

– LCD Brightness

∗ 1
∗ 2
∗ 3
∗ 4
∗ 5
∗ QUIT

– Date/Time

– Language

∗ English

∗ Espanol

∗ Deutsche
∗ Francais
∗ Italiano
∗ QUIT

– Video System

∗ NTSC
∗ PAL
∗ QUIT

– Sensor Cleaning

∗ Autoclean On
∗ Autoclean Off
∗ Clean Now
∗ QUIT

• Flash

• Timer

• Close
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Appendix C - Interview Questions

1. Effectiveness, Efficiency, Learnability, Memorability:

2. (a) Do you think you would be able to operate (one of the four interface

designs) accurately, without making frequent errors? Explain.

(b) Would you be able to operate (one of the four interface designs) quickly

with a minimum of effort to make the targeting device do what you want

it to? Explain.

(c) Did you feel you were able to figure out how to use (one of the four interface

designs) relatively easily?

(d) i. What made (one of the four interface designs) difficult to figure out?

ii. What made (one of the four interface designs) easy to figure out?

iii. What changes would you have made to make (one of the four interface

designs) easier to figure out?

(e) If you had to pick one interface to use frequently, which one would you

choose? Why?

3. Video Game Experience:

4. (a) Have you ever played a video game?

(b) i. What types of games have you played?
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ii. How frequently do you play this type of video game?

iii. What systems do you play on? Type of controller?

iv. Do you feel your video game experience has helped you to complete

the research activities today? Explain.

v. Are there other devices or interfaces, besides video games, that have

helped you to complete the research activities today? Explain

5. Any other comments or suggestions?
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