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Chapter 1

Introduction

In recent months there has been a rise in attention towards new off-the-shelf technologies

for virtual reality (VR) applications. Most notable is the Oculus Rift; a head-mounted

display (HMD) which promises previously unprecedented field of regard and low latency

for head orientation tracking [19]. Other companies have begun development of 3D user

interface (3DUI) technologies which are developed with the Rift in mind; among these

are the 6 degrees-of-freedom (DOF) controllers, PrioVR by YEI Technology [29] and

STEM System by Sixense [24].

These technological innovations show that affordable immersive virtual environment

(IVE) setups will appear in the near future. However, while much research have been

performed in the area of navigating and manipulating IVE using natural user interfaces,

very little research have been done concerning system control [13] and menu naviga-

tion. These are likely to benefit from additional input devices and windows, icon, menu

and pointer-based (WIMP) interfaces rather than gestures. Furthermore, most of the

research that exist in this area have been performed in the context of projected VE or

augmented reality (AR), both of which allows the user to see the physical interface while

interacting. This is not the case for IVE when the user has to wear an HMD.

The first goal of this study is to evaluate a series of modern off-the-shelf input hardware in

how efficiently they can be used for system control in an IVE. These input devices include

a Microsoft Kinect, one-handed controllers as well as a pen and touch operated tablet.

The systems are evaluated in the context that they have to be used for a collaborative

classroom lecture application. It is the wish of the lecturer to have a low-budged setup

which allows all of the pupils to wear HMD’s, bringing them into the VE where the

lecturer can use objects to illustrate the subjects. Because of the classroom context,

the interfaces should be efficient as well as non-intrusive to the lecturers, allowing them

to use it while still being able to communicate and gesticulate to the pupils. Also,
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Introduction 2

the system must allow the user to move freely in the VE and can therefore not rely on

technology bound to a tabletop, like a traditional mouse. Once a suitable system control

interface have been chosen based on experiments and evaluation from the lecturer, it can

be examined how it can be expanded or integrated in navigation and selection interfaces

that allow for more interaction possibilities than a purely natural user interface. The

first research question for this project is as follows:

What is the most efficient and preferable WIMP-based system control

interface in an IVE for use in a classroom context using off-the-shelf input

hardware?

Efficiency is judged by task completion time and number of errors, as the users will

spend more time completing a task if they have to correct errors. Based on results from

the first experiment on teachers the pen and tablet is chosen as the best suited interface.

The second goal is to examine navigation and selection techniques for the pen and

tablet interface. For the second part of the study, two research questions are examined,

one focuses on navigation techniques the other on selection techniques. The research

questions are the following:

Which of two interaction techniques using the pen and tablet interface is

the most preferred by the users for navigating a virtual environment.

Which of two interaction techniques using the pen and tablet interface is

the most preferred by the users for selecting object in a virtual environment.

As in the first part of the study, the second and the third research questions are examined

in a classroom setup, in the context of astronomy illustration; featuring illustration

of planetary rotations and orbits. The system will be implemented with some of the

functions that could be used in such a setup, allowing participants to examine the VE

if wanted.

1.1 Classroom Setup

The contacts at Virum Gymnasium want a system that, among other subjects, could

be used for astronomy education. It was suggested that it should be possible to track

items for example a ball through the class room.

Besides these ideas from the teachers, the system has other requirements. It is decided
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to work with a system that can be used for several different courses, and should be able

to illustrate various aspects of the curriculum in each course. An example of this could

be to illustrate how mathematics can be used to calculate the height of a flagpole or to

help illustrate geography by for example showing different countries and their placement.

The system needs to enable the teachers to manipulate or create and save new content,

this will enable the school to create a large library of content that can be used in future

lessons.

The setup should be created with HMDs for both students and teachers, this will allow

everyone the same experience with the system. The teacher needs to be the only one

in control of the menu and settings for the system, but the students need to be able to

mark if they have a question. This could either be done with a button they can press

if they have questions and then the teacher will be noticed of this, or a webcam could

be installed and placed to show all students, enabling the teacher to see them marking

with their hand. In both cases only the teacher would get the inputs from the devices.

The system is to be designed in a way that enables a low cost of errors and allows the

user to correct them easily. The systems needs an easy way to change between pointing

and navigation interfaces, which will be implemented in order to make it possible for

the teacher to point at important objects and to navigate around in the IVE and thus

give the students the best possible view of the scenario.

1.1.1 Example scenario

The teacher enters the classroom, pulling a rolling table in front of him. On the table is

one computer, one Microsoft Kinect, an input device along with a HMD for each person

in the class. The teacher places the table in the classroom, a place where the Kinect is

able to track his movements. He then hands out an HMD for each student, turns on

the computer and attaches his own HMD. Through the input device the teacher is able

to open a prepared setup for the students, illustrating parts of the days subject, thus

helping the students get a better understanding of the curriculum. The setup allows the

teacher to create a focus at any given object in the scenario, by looking and pointing at

it in the virtual environment.

After the lecture, the teacher will shut down the computer, and students can hand back

the HMD’s, which again will be placed at the table, ready to be used in another class.
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State of the Art

Before examining the technology available for the task, it is important to know the

current state of the art in the field of 3DUI and IVE. Among the critical subjects for

this study are, the state of system control for IVE as well as the capabilities of input

hardware used in 3DUI. Additionally, since a possible end product would be used in a

lecture context, the state of collaborative VE is relevant. Furthermore, seeing as a long

term goal is to integrate the system control interface in an interface that supports both

navigation and manipulation, the state of these are researched as well. Lastly, seeing as

one of the goals is to compare performances of various pieces of hardware with different

characteristics, it is important to know how to limit the variables and properly test the

different versions of the system.

2.1 System Control

System control refers to communication between the user and the system which is not

a part of the VE. System control can be defined as tasks were commands are issued to

one of following three; Requests of the system to perform functions, change the mode of

interaction, or change the state of the system [5]. A critical way to access a computer

system’s functionality is through the issuing of commands. The book ”3D User Inter-

faces: Theory and Practice” [5] argues system control to be critical because it is the

”glue” that allows the user control over the interaction flow.

The system control in 2D interfaces often use specific interaction styles such as pull-down

menus, text-based command lines or tool palettes. These interaction styles have also

been adapted to be used in 3DUI [5]. The UI of VE has often been based on WIMP

4
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interfaces, which are well known by users of desktop applications. However, placing 2D

control widgets within a 3D environment can be much less natural to the user.[13]

All interaction styles may not be equally effective in all situations since users of IVE

have to deal with 6-degrees of freedom(DOF) and not only 2-DOF as most desktop

applications use [5]. Andries van Dam argued that this necessitated the development of

what he calls ”post-WIMP” UI: These are defined as interfaces that rely on, for example,

gesture and speech recognition or eye, head or body tracking. Some UI are classified as

being between WIMP and post-WIMP. An example of this is when designers implement

system control techniques used for 2D interfaces and implements them in the VE object

space.[13]

In ”3D User Interface: Theory and Practice” four different methods of system control

are described: These are graphical menu, voice command, gestural command and tool,

all off these methods then have a set of techniques. This project will focus on graphical

menus which have four different techniques; Adapted 2D menu, 1-DOF menu, 3D widget

and Tulip menu.[5]

Several factors may affect the user performance in a traditional mechanical control sys-

tem. These factors include; the shape and size of the controls, their visual representation

and labeling, methods of selection, underlying control structures and the control-body

linkage.[5]

The input control can have an effect on the user performance. Some of the things that

can have an effect is the amount and the placement of buttons. Multiple buttons can

allow the user more flexibility, but will also increase the risk of confusion and errors.[5]

The system implementation can also affects the effectiveness of the system. For exam-

ple, if we look at a speech interface, the recognition done by the program have a large

influence on the effectiveness of the program. If there are too many errors in the recog-

nition the program will be much less effective. A large amount of functions can result

in difficulty when issuing commands. Also, system control techniques that work well for

accessing 10 commands may be useless if the amount of commands are 100.[5]

Considering menu layout, Callahan et al. [6] compared target seek time between linear

and radial menus. They argued that the advantages of decreased distance and increased

target size can be seen as an effect on positioning time as parameters to Fitt’s Law.

The test results showed that the users operated faster with the radial menus, but the

participants were almost evenly divided between the menu type concerning subjective

preference. Linear and radial menu were also compared in a VR fish tank environment

by Komerska and Ware [17] using a haptic pen interface. The results showed that the

radial menus performed 25 % faster than the linear menus.
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Das and Borst [9] proposed the pointer-attached-to-menu interface (PAM) which con-

sisted of having a virtual raycast pointer appear near the location of contextual menus

for objects in projected VE, virtually relocating the users wand controller. The study

showed that traditional direct raycasting was faster than PAM and that users, pre-

ferred not having to adjust to a new pointer. The study also showed that radial menus

performed better than linear menus.

Accot and Zhai [1] did a study comparing traditional pointing and clicking interfaces

with crossing-based interfaces for graphical user interfaces (GUI). For the pointing in-

terfaces they used a mouse and for the crossing interfaces they used a pen and tablet.

The results showed that the crossing method performed similarly to pointing while an

interface made for continuous dragging and crossing showed a lower error rate. They

suggest designs for crossing menu element recognizing the crossing direction, allowing

for multiple functions, as well as selection of multiple elements by crossing through them

continuously, eliminating the need to stop and select each one.

2.2 3DUI Input Hardware

For input devices in 3DUI, DOF is one of the most important subjects. A tracker

normally captures three position values and three orientation values, which gives 6-

DOF. The amount of DOF in a device, is an indication of how complex the device is.[5]

A key issue, when designing interfaces for 3D applications, is to choose input devices that

are appropriate for the specific application. Various tasks that needs to be supported by

the system must be examined in order to find or develop the most appropriate interaction

technique.[5]

A survey performed by Takala et al. in 2012 among 3DUI developers, researchers and

hobbyist shows that the most commonly used input devices for 3DUI are Microsoft

Kinect, cameras, Wii Remotes and 6-DOF devices. Among the least utilized devices are

pen operated tablets, game controllers and the Wii Remote Nunchuk.[25]

Jáuregui et al. [14] examined how pictorial depth cues can increase user depth per-

ception on a 2D monitor while using a mouse to perform selection tasks. Using two

variations of 3D cursors, one based on a flash light and the other being a 3D hand that

rotated according to object surface normal, increased user depth perception at the cost

of increase in selection time and decrease in accuracy. They argue that their 3D cursors

are compliant with 3D stereoscopic content.

A pen-and-tablet interface increases accuracy and efficiency due to the constraint pro-

vided by the physical surface, but the downside can be that the user will tire faster
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because of the need to hold two physical devices [5]. Multiple studies have demon-

strated the use of touch interfaces for manipulating 3D objects, either on a touchscreen

[7][16][8] or in VE [27][12]. Ohnishi et al. [20] suggested a system using two multi-touch

touchpads, allowing the user to indicate a 3D region using one two-handed action.

Veit et al. [27] compared a touch table interface with a 3-DOF hand tracking interface

for object translation in IVE. For both interfaces they separated one of the axes which

was manipulated by using two fingers on the touch interface and by pinching for the

hand tracking interface. Their results showed that the added support of the touch table

did not add to the users’ precision compared to the hand tracking interface. However,

separating the depth-axis increased the precision for the touch table interface.

Martinet et al. [18] developed two multi-touch interfaces for object translation in 3D:

The multi-touch viewport system allows the user to move the object in two viewports

at once while the Z-technique used one viewport where the first finger would moves the

object along the X and Y-axes and moving the second finger up and down moves the

object along the Z-axis. They were equally efficient, but the Z-technique was better

received.

Hatchet et al. [12] proposed a multi-touch interface, Toucheo, for 3D manipulation uti-

lizing a touch-screen displaying a manipulation widget below a 3D object projected on a

semi-transparent mirror in an immersive multitouch workspace [3]. Cohé et al. [8] pro-

posed the tBox, a touch-screen interface for 3D manipulation using a widget displayed

on top of the 3D object, allowing for direct manipulation. Both of these interfaces were

well received by users.

Knoedel and Hatchet [16] performed a study of the impact of directness on user perfor-

mance concerning object manipulation using touchscreens. The study showed that user

performed manipulation tasks faster when ”touching” objects which were displayed on

the touchscreen using widgets on the object rather than having the object be represented

on a separate screen.

A study performed by Ulinski el al. [26] used two FastTrak magnetic trackers equipped

with three buttons each, effectively combining 6-DOF trackers with digital button input.

Katzakis and Hori [15] proposed the use of a smartphone equipped with a magnetometer

as a 3-DOF rotation controller as well as the use of the touchscreen for additional

interactivity. Debarba et al. [10] showed a smartphone used as a pointing tool: The

users had to point towards the screen with the top of the phone to position a rectangle

and then use the touchscreen to precisely select objects within the rectangle.

Ren and O’Neill [22] researched 3D freehand marking menus using Microsoft Kinect for

hand tracking. They compared menu layouts as well as a stroke-based and a crossing-

based selection method. Their results show that a rectangular menu layout is signifi-

cantly faster than an octagonal layout.
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Bowman and Wingrave [4] did a study comparing their pinch glove-based menu system,

Three-Ups, Labels in Palm (TULIP), with a floating menu and a pen and tablet operated

menu. The results showed that the majority of the users preferred the TULIP menu,

even though the results show that overall task completion time was shorter for the pen

and tablet interface.

Schultheis et al. [23] compared a two-handed interface with 6-DOF controllers to wand

and mouse interfaces for 3D manipulation tasks. Their results showed that the two-

handed and wand interfaces performed significantly more efficiently than the mouse

interface. They also argue that the two-handed interface can be applied well to virtual

reality applications.

2.3 Collaborative Virtual Environments

Argelaguet et al. proposed a collaborative show-through technique for collaborative

projection-based VE. The purpose of this technique is to help both participants see a

point of interest in the VE, even if it is occluded to one of them. The technique is

based on having textures on occluding objects go transparent when a user points at a

point of interest, either by semi-transparency or by full cutaway. Test results showed

that the technique helped the user keep a socially convenient distance while having to

move much less than they would have to without the techniques. The qualitative results

showed no significant difference between the two types of transparencies, but the test

participants preferred the semi-transparent method. This may be due to preservation

of depth cues.[2]

2.4 Evaluation of 3DUI

When evaluating 3DUIs, there are some issues to consider. One of these issues is the

difference between the physical environment in 3DUI compared to the ones in traditional

UI. If non-see-through HMDs are used, the user will not be able to see the surroundings

in the physical world. Multiple simultaneous viewers are not allowed in many 3D en-

vironments. If voice commands are used in the virtual environment, the ”think-aloud”

method cannot be used. If camera is used to film test sessions, it might need a wide

range in order to record the subject moving around. Another issue is that due to the

complexities in 3DUI, there may be need of more than one person to evaluate the test

results. Then there are some user issues to the tests. It may be difficult to generalize

performance results because of the samples that are often selected. It may also be diffi-

cult to differentiate between novice and expert users and 3DUI will be novel to many of
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the subjects, and results of evaluations may have high variability between the individual

subjects.[5]

Fitts’ Law [11] is often used to evaluate the efficiency of pointer-based UI [1][6]. The

study is based on the assumption that one cannot study a person’s motor system at

the behavioral level in isolation from its associated sensory mechanisms. Fitts argues,

however, that by holding all relevant stimulus conditions constant, with the exception of

those resulting from the users own movements, and have the user make rapid and uniform

responses that have been highly overlearned, it is reasonable to assume that performance

is limited primarily by the capacity of the motor system. The motor system is defined

as including the visual in proprioceptive feedback loops that permits the user to monitor

his own activity. Fitts’ hypothesis is as follows:

If the amplitude of and tolerance limits of a task is controlled by E, and

S is instructed to work at his maximum rate, then the average time per

response will be directly proportional to the minimum average amount of

information per response demanded by the particular conditions of amplitude

and tolerance.

Paul M. Fitts, 1954 [11]

When Bowman and Wingrave [4] evaluated the TULIP interface against the floating

menu and pen and tablet interfaces, they had the participants complete 30 tasks using

each interface while being timed. However, due to the study using commonly used or

iterated versions of the interfaces, variation in menu layout, selection methods make it

impossible to attribute the efficiency of the input devices on their own. The same is the

case for the study of Schulthesis’ two-handed interface, where they used various designs

for menu and selection methods, for each interface [23]. Still, for their results Bowman

and Wingrave [4] presented the mean completion times for five tasks at a time as well

as presenting the mean completion time for all tasks as well as the final ten tasks, which

shows the learning process of the interfaces well.
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Implementation of the System

Control Interfaces

In this chapter the implementation of the IVE and the input devices are described. This

includes a brief description of the apparatuses as well as how they are utilized for testing

of the system control interfaces.

3.1 Immersive Virtual Environment

The IVE application is programmed using the Unity 3D game engine and the HMD

used is a stereoscopic Sony HMZ-T2 equipped with an InertiaCube3 for head orientation

tracking. The stereoscopic image i generated by placing two cameras in the Unity scene,

rendering them side-by-side on separate halves of the screen and then have the HMD

show one half on each of the two screens, overlapping them and creating the 3D effect

in the mind of the user. The position of the user’s head is tracked using the skeleton

tracking capabilities of the Microsoft Kinect.

The environment portrayed in the IVE is that of a room with painted white brick wall

and light wooden planks covering the floor and ceiling. This is to keep the environment

neutral and familiar to the users while, at the same time, providing textures that provide

further illustration of depth in the IVE. At the same time, this contrasts with the system

control interface which is blue. The interface consists of a radial menu with eight menu

elements in the circle as well as one in the center. The interface also has a cursor which

consists of sphere which is red to contrast with the rest of the scene. Seeing as only some

of the input devices support direct interaction with the interface - ”touching” in virtual

space - the interface is designed for indirect interaction only. This is why the interface

10
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is hovering at a fixed position in the VE and the user controls the cursor relative to it.

Also, one of the interaction techniques featuring the Kinect only works when the user is

facing the Kinect, which is why the radial menu is at a fixed position. The VE as well

as the radial menu are shown in Figure 3.1.

3.2 Input Devices

In order to examine what input devices are best to suited for an IVE system for use in

class lecture, several interaction technologies are implemented and examined. In addition

to the input devices described below, the Leap Motion sensor was also tried out, but

the tracking software for Unity 3D proved unable to track the user’s finger when it was

not stationary, leading to it not being utilized.

3.2.1 Microsoft Kinect

The Microsoft Kinect is a device developed for the Microsoft Xbox 360. It is an infrared

camera with a depth image that allows the device to detect where in a room a person

is placed. As long, as the person keeps in the view of the Kinect. The Device is able

to do skeleton tracking. This device is used in all setups, to enable the system to track

the head of the user to register how the user walks around in the virtual environment.

Additionally, it is used for one of the interaction techniques with the system control

Figure 3.1: The radial menu as shown in the VE, the red dot is the cursor. Bear in
mind that this is rendered from the Unity 3D application and has been cropped and

stretched to represent what the users see when wearing the HMD.
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interface. The skeleton tracking is used to track the dominant hand of the users in

relation to their heads and position the cursor. This is only possible when the user

is facing the system control interface which is why it is a fixed position for all of the

interfaces. The device records 30 images per second, which limits the framerate of the

system.

3.2.2 Nintendo Wii Nunchuk

The Wii Nunchuk is an accessory to the Nintendo Wii Remote. It is equipped with an

analog stick and two buttons. The main way of interaction is implemented using the

analog stick. The cursor in the system control interface is positioned according to the

absolute position of the analog stick: When the analog stick is at its resting position,

the cursor is at the middle og the radial menu and when the analog stick is pushed all

the way forward, the cursor is at the top of the radial menu. Seeing as analog stick

signals are square in Unity 3D, the signal is transformed to fit within a circle, as to not

have the cursor move faster when moving diagonally.

3.2.3 Pen and Tablet

The pen and tablet device moves the mouse cursor to the position of the screen corre-

sponding to the absolute position of the tip of the pen on the tablet when touching or

hovering. This is used to control the system control interface by having the cursor be at

the position in relation of the center of the radial menu corresponding to the position of

the tip of the pen in relation to the center of the tablet.

3.2.4 Touch Tablet

As opposed to the pen and tablet interface, when using the tip of a finger the tablet

does not track the absolute position of the finger on the surface, but rather the motion

when swiping the finger across the surface. For the system control interface the touch

tablet is used similarly to the pen and tablet interface, except that the user may have

to swipe again if they have reached the edge of the tablet and need to move the cursor

further. The interface is design such that the user should not need to lift the fingertip

from the surface of the tablet. Seeing as this interface uses the mouse coordinates from

the operating system, all mouse precision functions are disables, so that the cursor does

not move further when swiping quickly.



Chapter 4

Examination of Physical

Amplitude

This chapter describes the first experiment. It is a preliminary study to determine

the most efficient physical amplitude for each of the input devices for a radial menu.

The goal of this is to eliminate the physical amplitude as a confounding variable when

comparing the input devices. In the analysis the theory of Fitts’ Law [11] is used to see

if the interfaces show lawful regularity. The input devices that tested are the Microsoft

Kinect, Nintendo Wii Nunchuk, a tablet with a pen and a touch tablet.

The study was used to write a poster abstract for IEEE symposium on 3DUI 2014,

this abstract can be seen in Appendix J and poster for presentation at reference is in

Appendix K.

4.1 Methods

This section describes the experimental design and procedure for the within-subjects

experiment to compare physical amplitude for the four input devices.

4.1.1 Experimental Design

This experiment will use a within-subjects design with one independent variable, which

is the physical amplitude. The devices are not considered an independent variable since

they are not compared against each other. For each input device the participants try

five different amplitudes presented in random order. The dependent variables are the

amount of errors and the task completion time, both is logged by the system. The

conditions are shown in Table 4.1

13
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Table 4.1: Conditions with the devices. Amplitudes (Amp) are measured in centime-
ters.

Device Amp 1 Amp 2 Amp 3 Amp 4 Amp 5
Kinect 10 15 20 25 30
Nunchuk 0.5 0.625 0.75 0.875 1
Pen and Tablet 1 1.75 2.5 3.25 4
Touch Tablet 1.5 2.375 3.25 4.125 5

Each participant will try all 20 conditions, they will have 32 tasks for each condition,

giving a total of 640 tasks per participant. The tasks consist of moving the cursor to the

elements in an eight-part radial menu presented in the IVE. The radial menu is shown

in Figure 3.1. The blue elements become green as they have to be marked. They are

targeted in random order, but each element is targeted four times for each condition.

If the participants marks the wrong element, it is considered an error and the sequence

progresses to the next task. After marking each element, the center element becomes

green, signaling that the cursor should be returned to the center before proceeding to

the next task. The total task completion time consists of both marking the outer menu

element and returning the cursor to the center.

The overall amount of time is estimated to be about 30 minutes per participant, this

estimate is calculated from the pilot experiment where the participants use an average

of 10 minutes answering the questionnaire and 10 minutes in average for 8 tasks with all

conditions. The sequence of the devices differs between the participants. The order in

which they will be presented to the participants is determined through a counterbalanced

order, to avoid the results being biased by order, training and adaption to the IVE setup.

4.1.2 Participants

The test is conducted in a seminar room at the Medialogy department of Aalborg Uni-

versity, and participants are recruited among the students. 24 participants is recruited

for the experiment, of these three were female and 21 male. Their ages range from 20-30

and five participants had no prior experience with IVE’s.

4.1.3 Apparatus

The IVE setup consists of a Sony HMZ-T2 stereoscopic HMD equipped with an Iner-

tiaCube3 for head orientation tracking. A first generation Microsoft Kinect is used for

position tracking the user’s head and hands. The Nunchuk controller is implemented us-

ing a Mayflash Wii Classic Controller Adapter for PC USB. The pen and tablet interface
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utilizes a Wacom Bamboo fifteen by nine centimeter graphics tablet. The application

is implemented in Unity 3d 4.2 and is run on a laptop PC with a 2.30 GHz Intel i5

dual core processor. During the experiment the application ran at a steady 30 frames

per second, limited by the Kinect data stream. The application was recorded during

the experiment using an Elgato Game Capture HD which runs pass-through of the im-

age feed and records it using a separate computer, not affecting the performance of the

application. For details on the interface implementation, see Chapter 3.

4.1.4 Procedure

For the experiment to be conducted two test conductors are needed; one introduces the

experiment and is responsible for the devices working while the other records everything

that happens in the application.

The participants fill out a pre-test questionnaire. This includes questions about gender

and age, which of the devices they have experience with and if they have any illnesses

that might affect the test. The participants are asked about their physical condition

both before and after the experiment. The pre-test and the post-test questionnaire can

be seen in Appendix A.

When the questionnaire has been answered the test will begin. The participants are

introduced to each of the devices as they are using them. They are allowed to practice

as much as they want before starting the tasks. During the experiment, the application

logs errors, task completion time and the movement direction. After using the last of

the four devices the participants are asked to answer the post-test questionnaire.

4.2 Results

The mean task completion time as well as number of errors among devices and ampli-

tudes are displayed in Figure 4.1. A Friedman test with post-hoc comparison is used to

rank the mean total task completion times for each device and amplitude level as seen

in Table 4.2. Table 4.3 presents the amount of errors for each of the conditions. Table

4.4 shows the r2 values from linear regression of the degrees of difficulty and the task

completion time for each of the devices. Figure 4.2 shows the mean task completion time

for each devices separated into rounds of eight and a Friedman post-hoc comparison of

the rounds is shown in Table 4.5.

The questionnaires showed that three people felt discomfort before the experiment

started and 20 felt discomfort afterwards. Most discomforts were in arms and on the
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Figure 4.1: Mean task completion time and error rates between the input devices and
physical amplitudes.

bridge of the nose from wearing the HMD. Answers from questionnaires is in Appendix

B.

4.3 Analysis

When looking at the results for the Nunchuk, the middle and the largest amplitudes

are the fastest. However, the rate of errors for the middle amplitude with the Nunchuk

is the lowest for the device. Therefore, this amplitude is the one that will be used in

further research. For the Kinect the largest amplitude is significantly slower than the

rest, none of the other amplitudes are different from each other, therefore the second-

largest amplitude will be used in further testing, since it has the smallest rate of errors.

For the pen and tablet interface the second-smallest amplitude is significantly faster

than the second-largest and the largest amplitude. The smallest number of errors is in

the middle and the largest amplitudes, because of this the middle amplitude is chosen,

since it is not significantly different from the second-smallest in the time factor, but is

has a smaller rate of errors. The largest amplitude with the Touch Tablet is significantly
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Table 4.2: Ranking from Friedman post-hoc, slowest conditions at the top. The
letters tell the rank of the conditions. If conditions are at different ranks, there is a

significant difference. The ”*” mark the conditions chosen for future studies.

Device Amplitude in cm Average times Ranking
Kinect 30 1.84 A
Kinect * 25 1.71 AB
Touch Tablet 5 1.68 BC
Kinect 10 1.65 BC
Kinect 15 1.62 BC
Kinect 20 1.60 C
Touch Tablet 1.5 1.41 D
Touch Tablet * 4.125 1.36 DE
Touch Tablet 2.375 1.36 DE
Touch Tablet 3.25 1.32 E
Pen and Tablet 4 1.28 E
Pen and Tablet 3.25 1.06 F
Pen and Tablet * 2.5 1.00 FG
Pen and Tablet 1 0.99 FG
Pen and Tablet 1.75 0.98 G
Nunchuk 0.5 0.88 H
Nunchuk 0.875 0.86 H
Nunchuk 0.625 0.83 HI
Nunchuk * 0.75 0.81 I
Nunchuk 1 0.79 I

Table 4.3: Amount of errors for each condition. The ”*” mark the conditions chosen
for future studies.

Device Amplitude in cm Correct tasks Errors
Kinect 10 707 61
Kinect 15 724 44
Kinect 20 722 46
Kinect * 25 751 17
Kinect 30 755 13
Nunchuk 0.5 591 177
Nunchuk 0.625 588 180
Nunchuk * 0.75 635 133
Nunchuk 0.875 629 139
Nunchuk 1 620 148
Pen and Tablet 1 752 16
Pen and Tablet 1.75 747 21
Pen and Tablet * 2.5 759 9
Pen and Tablet 3.25 754 14
Pen and Tablet 4 765 3
Touch Tablet 1.5 721 47
Touch Tablet 2.375 739 29
Touch Tablet 3.25 747 21
Touch Tablet * 4.125 758 10
Touch Tablet 5 761 7
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Table 4.4: r2 from linear regression of index of difficulty and task completion time.

Device r2

Kinect 0.360
Nunchuk 0.511
Pen and Tablet 0.487
Touch Tablet 0.175
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Figure 4.2: Mean task completion time divided between rounds of eight.

slower compared to the other amplitudes. The middle amplitude which is the fastest

is not significantly different in time from the second-largest, which is the one with the

second smallest rate of errors. Therefore the second-largest amplitude is chosen for

further testing.

To sum up, the results of test show that the Kinect is slow, but with a small number

of errors. The Nunchuk is faster to use than all other devices, but has a much larger

number of errors. Both the tablet interfaces are faster than the Kinect and with a low

number of errors.

Analyzing the total task completion time for each device, as well as separating marking

time and return time, using the index of difficulty, shows that none of the interfaces fit

the predictions of Fitts’ law, judging from the r2 values. This is also the case when the
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Table 4.5: Ranking from Friedman post-hoc of significant difference between rounds
of eight, slowest rounds at the top. The letters tell the rank of the conditions. If

conditions are at different ranks, there is a significant difference.

Devices and Rounds Average times Ranking
Kinect
1st 1.79 A
2nd 1.66 B
3rd 1.65 BC
4th 1.63 C
Nunchuk
1st 0.85 A
2nd 0.83 AB
3rd 0.83 B
4th 0.82 B
Pen and Tablet
1st 1.15 A
2nd 1.04 B
3rd 1.03 BC
4th 1.02 C
Touch Tablet
1st 1.57 A
2nd 1.41 B
3rd 1.36 C
4th 1.36 C

eight directions are analyzed separately. Therefore, the results do not fit the predictions

of Fitts’ law, so this will not be used to evaluate performances in future experiments.

The Friedman post-hoc of the mean task completion times between rounds show that

most devices become significantly faster to use after the first round of tasks. Only the

Nunchuk controller has an overlap between the first and second round, while the first

round is significantly different from the last two rounds. This shows that there is a

learning curve to using the interfaces and that users become faster over time.

The amplitude used for the Nunchuk is 0.75cm, for the Kinect 25cm, for Pen and Tablet

it is 2.5cm and for the Touch Tablet it is 4.125cm. These physical amplitudes will be

used to compare and evaluate the performance and user preferences of the devices when

used by teachers in the context of class lectures in order to determine their preferred

input device.



Chapter 5

Comparing Efficiency and

Preferences of Devices

This experiment uses the results from the first experiment described in Chapter 4. In

the first experiment we found the most efficient amplitude for each of the interaction

devices. In this experiment the interaction techniques will be compared to each other

in order to determine which device is the most efficient and what the users find most

usable and comfortable.

5.1 Methods

In this section the second within-subject experiment design and procedure is reported.

5.1.1 Experiment Design

As in the first experiment, two test conductors is needed, one to facilitate, and one

to control the recordings from the Elagato game capture. Participants try all four

conditions in a counterbalanced order using a Latin square. For each condition they have

40 tasks, this gives a total of 160 tasks per participant. The experiment is estimated to

use about 15-20 minutes per participant.

In this experiment there are four different conditions, one for each of the devices. Each

device will have the amplitude chosen in the first experiment described in Chapter 4.

In this experiment a pre-test questionnaire similar to the one from the first experiment is

used. The post-test questionnaire have some additional questions, where the participants

20
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are to rank the different devices according to which they find easiest to use and which

they find the most comfortable. After each device the participants are told to grade the

device according to use and comfort. The grades are from one to five where five was

best. These questionnaires can be seen in Appendix C.

As in the first experiment, the system will be logging the amount of errors along with

the time spent to complete the tasks.

5.1.2 Participants

The participants is teachers at Virum Gymnasium, who is asked to participate in the

experiment. They are informed about the experiment beforehand and are recruited at

their own initiative. Participants range from 29-66 in age. Three are women and 13

men. Three participants have prior experience with IVE.

5.1.3 Apparatus

The setup of this experiment is very close to the one from the first experiment and

therefore there is no changes in the apparatus from the first experiment, description of

these can be read in Section 4.1.3.

5.1.4 Procedure

The experiment was conducted in a room at Virum Gymnasium. Participants are asked

to answer the pre-test questionnaire. This can be answered while another participant

is performing the IVE tasks. After the IVE tasks they are asked to answer the post-

test questionnaire. Answers for the questionnaires can be seen in Appendix (REF TIL

APPENDIX). As in the first experiment they are introduced to each of the devices

before they are to use the device and they are allowed to practice with the devices

before beginning the tasks. In between usign each device, the users are asked to rate

the device according to ease of use and comfort on a scale from one to five, where five

is the best.

5.2 Results

Table 5.1 shows a Friedman post-hoc to determine if there are any significant differences

between the four conditions. Table 5.2 shows the error rate for each condition. The
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Table 5.1: Ranking from Friedman post-hoc, slowest conditions at the top. The
letters tell the rank of the conditions. If conditions are at different ranks, there is a

significant difference.

Device Average times Ranking
Kinect 1.88 A
Touch Tablet 1.52 B
Pen and Tablet 1.22 C
Nunchuk 1.13 D

Table 5.2: Ranking of error rates from Friedman post-hoc, highest error rate at the
top. The letters tell the rank of the conditions. If conditions are at different ranks,

there is a significant difference.

Device Error Rate Ranking
Nunchuk 26.41 % A
Kinect 5.63 % B
Pen and Tablet 5.31 % B
Touch Tablet 1.56 % C

frequency of ratings among the devices of usability and comfort from the questionnaires

are shown in Figures 5.1 and 5.2. The frequency of devices among the rankings of

usability and comfort from the questionnaires are shown in Figures 5.3 and 5.4, answers

from the questionnaires are in Appendix D. Figure 5.5 shows the mean task completion

time for each devices separated into rounds of eight and a Friedman post-hoc comparison

of the rounds is shown in Table 5.3.

5.3 Analysis

The post-hoc comparison of the devices, show significant difference between all of the

devices and that the Nunchuk controller is the fastest. However, the Nunchuk controller

also has the largest error rate. The pen and tablet is the second fastest and has the

second lowest error rate. Based on this in combination with the ratings and rankings as

well as comments from the test participants it was decided by the cooperating teachers

and the test conductors to decide on the pen and tablet input device for further research.

As in the first experiment, there are significant decreases in mean task completion time

after the first eight tasks, showing a learning curve for all of the interfaces.
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Figure 5.1: Usability ratings of the devices where 5 is the best.

Pen and
Tablet

Touch
Tablet

Kinect Nunchuk

−1

0

1

2

3

4

5

6

7

8

9

F
re

q
u

en
cy

of
ra

ti
n

gs

1
2
3
4
5

Figure 5.2: Comfort ratings of the devices where 5 is the best.
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Figure 5.3: Usability rankings distributed among usability devices, the more ”1st”
the better.
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Figure 5.4: Comfort rankings distributed among devices, the more ”1st” the better.
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Table 5.3: Ranking from Friedman post-hoc of significant difference between rounds
of eight, slowest rounds at the top. The letters tell the rank of the conditions. If

conditions are at different ranks, there is a significant difference.

Devices and Rounds Average times Ranking
Kinect
1st 2.14 A
2nd 1.92 B
3rd 1.84 B
4th 1.79 B
5th 1.72 C
Nunchuk
1st 1.28 A
2nd 1.09 AB
3rd 1.12 B
4th 1.08 B
5th 1.06 B
Pen and Tablet
1st 1.33 A
2nd 1.23 B
3rd 1.18 BC
4th 1.19 BC
5th 1.16 C
Touch Tablet
1st 1.65 A
2nd 1.55 B
3rd 1.48 BC
4th 1.48 CD
5th 1.41 D



Chapter 6

Comparison of Pen & Tablet to

Nunchuk with Trigger

The purpose of this test to examine if there is a significant difference in task completion

time and errors if a selection trigger is applied to both the Nunchuk and the pen and

tablet interface. The Nunchuk will use one of the buttons and the pen and tablet will

select by tapping the pen on the surface of the tablet once.

6.1 Methods

In this experiment a within-subject design and procedure is reported.

6.1.1 Experiment Design

In the two previous experiments the users only had to move the cursor to the element

they needed to choose. This time they have to select the object by activating it with the

input device. The setup of the experiment is similar to the last two, and the participants

will again be choosing elements in a radial menu. The participants will again try all

conditions, and for each condition there will be 40 tasks. The participants will try four

conditions, both Nunchuk and pen and tablet will be tried with and without a trigger for

selection. This is done in order to be able to compare the results to the two conditions

that has been used in the earlier experiments. The system is logging data about task

completion time and errors during the experiment, these data will later be used in the

statistical processes.

27



Comparison of Pen & Tablet to Nunchuk with Trigger 28

6.1.2 Participants

Participants for the test are recruited from Aalborg University’s Medialogy department.

Their age range from 19-30. One female and 23 males participated in the experiment,

this gave a total of 24 participants which made it possible to counterbalance the sequence

of conditions.

6.1.3 Apparatus

For the experiment one computer was used for running the application, which was used

with a HMD, a wireless InertiaCube3 and the two input devices, Nunchuk and pen and

tablet.

6.1.4 Procedure

For the experiment the participants would start by answering a short pre-test question-

naire, see Appendix E answers in Appendix F, with general information and information

about their well being. Then they are to try each of the conditions before answering

the post-test questionnaire. As explained in the experiment design the participants will

conduct 40 tasks for each condition, since it is small tasks the tests are done in 10-15

minutes, this time including the time for questionnaires. The post test questionnaires

are to see if any changes in their well being occurred while using the system.

6.2 Results

For this experiment a Friedmanns analysis with post-hoc comparison is used to analyze

the results from the data that were logged during the experiment. Table 6.1 shows

the rankings of tasks completion time, Table 6.2 show the number of errors for each

condition and Table 6.3 shows the ranking of errors.

The questionnaire shows that two of the 24 participants felt dizzy and two had irritated

eyes after using the system for a short amount of time. A few also disliked the ergonomics

of the HMD.
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Table 6.1: Ranking from Friedman post-hoc comparison of task completion time,
slowest conditions at the top. The letters tell the rank of the conditions. If conditions

are at different ranks, there is a significant difference.

Device Trigger (yes/no) Ranking
Pen and Tablet Yes A
Nunchuk Yes A
Pen and Tablet No B
Nunchuk No C

Table 6.2: Amount of errors for each of the conditions.

Device Trigger (yes/no) Amount off tasks Amount off errors
Pen and Tablet Yes 960 9
Nunchuk Yes 960 75
Pen and Tablet No 960 29
Nunchuk No 960 394

Table 6.3: Friedmans post-hoc comparison of errors. Conditions with the highest
amount of errors in the top, and least errors in the bottom. If conditions are different

ranks, there is a significant difference in the amount of errors

Device Trigger (yes/no) Rankings
Nunchuk No A
Nunchuk Yes B
Pen and Tablet No C
Pen and Tablet Yes D

6.3 Analysis

The statistical results of the test show that both condition where a trigger for selection is

applied is significantly slower than the two other conditions. What gives the change from

earlier results is that the task completion time between the Nunchuk and the pen and

tablet with a method of selection is very close. From the post-hoc comparison of task

completion time 6.1 it is seen that they are in the same category, where the same input

devices are significantly different when there is no methods of selection implemented.

When looking at both devices, the amount of errors is reduced when the trigger is applied

6.2, but the pen and tablet still have significantly less errors than the Nunchuk, this is

seen in 6.3. Because of this, it is decided that further focus in the project will only be on

the pen and tablet device as this is also what is the most preferred among the teachers

that participated in the second experiment.



Chapter 7

Implementation of the Selection

and Navigation Interfaces

Based on the results from the first three experiments the pen and tablet interface is

chosen as the primary input hardware for the IVE application. As such the interfaces

for the remaining functions of the application are designed with this in mind. Also,

no new hardware is introduced if it conflicts with the current setup in the context of

functionality or practicality. This chapter describes the design and implementation of

the next interfaces to be examined in this project; the selection and navigation interfaces.

For both functions two interfaces are described and implemented for comparison.

7.1 Selection Interface

The purpose of the selection function in this application is to allow the lecturer to

mark objects in the VE and indicate which objects are to be manipulated. For this

task pointing based interaction, as opposed to direct interaction, is considered the most

practical considering the setup, the hardware available and the nature of the tasks.

A wand interface has been considered for this purpose, as to extend the functionality

of the pen and let it act as a pointer in the VE. A prototype of this interface was

implemented using the Razer Hydra, utilizing the orientation tracking of the Hydra

controller along with the hand tracking of the Kinect. However, this setup proved to

be impractical due to the short tethering between the controllers and the base, making

inconvenient outside of desktop applications. Also, the Kinect hand tracking will not

work unless the user is facing the sensor and position tracking using the Hydra would not
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Figure 7.1: The image-plane selection interface. Pointing the pen to a position on
the tablet positions the red cursor in the coresponding position in the viewport.

allow for a sufficient range of movement due to the tethering. Because of this, the wand

interface is not considered practical within the current with the hardware available.

Instead of wand based pointing, gaze based pointing is considered feasible as it can

be implemented using hardware that is already in the setup. Also, whether the user is

facing the Kinect sensor or not is not an issue when it is only supposed to track the head

of the user, as the sensor is always able to track it for as long as the user is standing

upright. To help aiming a red crosshair is placed in the center of the viewport. For

triggering the selection with this interface the user must tab the tablet with the tip of

the pen.

An alternative to the gaze based pointing is an expanded version that lets the user move

the cursor freely within the viewport using the pen and tablet. This make the interface

similar to an image-plane technique where the user marks the object desired for selection

by obscuring it in the viewport with another object [21]. In this case the user marks the

object with the cursor and selects it by tapping the tablet. The selection interfaces are

illustrated in Figure 7.1.



Implementation of the Selection and Navigation Interfaces 32

7.2 Navigation Interface

The primary travel technique for the application is walking, utilizing the head tracking of

the Kinect and the orientation tracking of the InertiaCube3. The purpose of additional

navigation interfaces is to let the user travel the VE beyond the tracking boundaries

of the Kinect. To take full advantage of the current setup both interfaces utilize gaze-

directed steering.

The first interface is based around the ”grabbing the air” technique where the user drags

his way around the VE [28]. This is implemented by having the user drag the tip of the

pen across the surface of the tablet; dragging the pen towards yourself lets you move

forward and dragging it from side to side lets move sideways relatively to the direction

of your gaze. This interface utilizes axis separation similarly to [27]: In order to move

along the horizontal plane the user drags the pen, but if the user holds down a button

on the pen he can move along a vertical plane where dragging the pen towards himself

will move him upwards and dragging away will move him downwards.

The second interface is inspired by a joystick: The user has to move the tip of the pen on

the surface of the tablet in relation to a set center point. Depending on the pen position

and distance to the center the user moves along the planes at a corresponding direction

and gaze. These controls are illustrated to the user in a GUI, showing a cursor’s position

in relation to the center and the deadzone. This interface is illustrated in Figure 7.2. As

with the first interface, pressing a button on the pen lets the user move along a vertical

plane.

Both of these interfaces have two modes: One mode lets the user move directly in the

gaze direction, meaning that moving forward while looking upwards or downwards moves

the user up and down in VE world space. The second mode locks the user’s movement

to the active plane. In this mode only the gaze direction around the vertical world axis

affects the movement direction of the user. This is illustrated in Figure 7.3.
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Figure 7.2: The GUI for the joystick navigation technique, illustrating the movement
direction and velocity according to the cursor position.

Figure 7.3: When the plane lock is engaged the user moves along that plane regardless
of gaze pitch and roll. The blue arrows illustrate the movement direction when moving
along the horizontal plane and the red arrows illustrate movenment along the vertical

plane.



Chapter 8

Test of Selection Methods

This chapter describes the fourth experiment, the study compares two ways of selecting

objects. The main focus will be to compare the two methods on selection time and

errors. The methods used are gaze tracking and gaze combined with the pen and tablet

in an image-plane technique.

8.1 Methods

8.1.1 Experiment Design

For this experiment there will be two conditions, the first is a normal gaze technique

where the head direction of the user will be tracked, a crosshair will be in the center of

the users viewport to give an indication of what is pointed at. The second method is

an image-plane technique where the gaze direction is tracked and the pen and tablet is

used to control the cursor, thus the crosshair will not necessarily be in the middle of the

viewport, as it is in the first condition.

In this experiment the participants will perform 50 tasks with each of the two conditions.

For each task the user will select a sphere in the virtual environment, the position of

the sphere will change from task to task, but it will be placed within a 5x5 grid and all

positions will be used twice for each condition. The system will log the time, distance

and direction for each task. These log files will be used for the statistical comparison of

the two selection techniques. Both before and after trying the conditions the participants

will answer a questionnaire about their well being, enabling us to see if there are any

major discomforts when using the system.
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8.1.2 Participants

The participants are students from Aalborg University, all students at Medialogy. Their

ages range between 20 and 31.

8.1.3 Apparatus

For this experiment the main setup is used again, this means that the Kinect is used to

track participants in the room. Participants will be wearing the Sony HMD for visual

output, and the Inertiacube3 will be mounted on the HMD to register head tracking.

In both conditions the participants will use the pen and tablet interface as trigger to do

the selection.

8.1.4 Procedure

The participants begin the experiment by answering a pre-test questionnaire about their

experience with the pen and tablet interface and about their well being, see Appendix G.

After this, they are introduced to the condition they are to try first. After finishing the

50 tasks for the first condition, they are introduced to the second condition and when

the 50 tasks for the condition is finished they will answer a short post-test questionnaire

about their well being.

8.2 Results

During the experiment, the inertiacube drifted a lot, causing disturbance in the gaze

method. This caused the data collected to be highly affected, since the task completion

time would be much higher than it would be without the drift.

8.3 Analysis

Because of the drift from the inertia cube, it is decided not to use any data collected in

the experiment to conclude which of the two methods is the best to use in this setup.

Instead the methods will be evaluated by the focus group in the next experiment, and

we will conclude on the methods from their comments and preferences. Hopefully the

drifting will be less severe in another environment and thus make it possible to compare

the two methods.



Chapter 9

Test of Navigation and Selection

Methods

This chapter describes the last of the experiments. Since the setup is to be used in

the context of a classroom, it was decided that the IVE setup for the purpose of the

experiment should be designed to build systems that can illustrate solar systems and

the planetary orbits. The focus of the experiment is to get the users evaluation of the

methods used to navigate and select while using the system.

9.1 Methods

This experiment is a within subject design.

9.1.1 Experiment Design

In the experiment, three factors are tested individually. The first factor is the navigation

technique with two levels; grabbing the air and joystick mode. The second factor is the

mode of navigation with two levels; plane bound and gaze directed steering. The last

factor is the selection technique with two levels; gaze directed pointing and image-plane

selection. The factors are not fully crossed in the experiment.

First the two navigation techniques are tested with plane bound navigation, after which

the participant chooses the preferred technique. After choosing the preferred technique,

the users try it with gaze directed movement. Participants have to complete three tasks

using each interaction technique. The tasks for the navigation techniques and the gaze

directed steering technique are the same. Here the users are to move between certain
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Figure 9.1: The VE used for evalution of the navigation and selection methods. The
spheres at the left is the objects used for the selection tasks.

pillars that are placed on a platform in the VE. First they have to move between two

pillars along the edge of the platform, then they are told to move diagonal across the

platform to the pillar across from the one they were next to. The last task is to move

up through the ceiling.

The tasks for the selection methods are to select three planets in a sequence placed in

the VE. The planets and the VE used for the experiments are shown in Figure 9.1.

These tasks are completed twice, once for each of the selection methods. Before the

tasks, the participants will be allowed time to try and adjust to the interaction method

they are about to use. The techniques are tried in counterbalanced order to avoid bias

in the results. When all of the tasks are completed, the participant will have chosen the

preferred method of navigation, mode of navigation and selection method.

A semi-structured interview is used to give the participants the possibility to give more

in depth descriptions of their experience with the system.

9.1.2 Participants

The participants for this experiment are all people with experience as teachers. 17

participants were used in this experiment some teachers at Virum Gymnasium and

others lecturers at Aalborg University. 13 of the participants are working as teachers

at Virum Gymnasium. 1 of the 13 are women, and ages range from 30 to 53. Of the

13 participants only 12 will be part of the statistics since the last did not finish the

experiment due to motion sickness. The last 4 participants are from Aalborg University

and their ages range between 28 and 48.
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9.1.3 Apparatus

This experiment uses the Sony HMZ-T2 with an Inertiacube3 attached along with a

Microsoft Kinect for the basic IVE setup. A pen and tablet interface is used for system

control in the IVE. Also, two computers are needed, one to run the program and one

to control an Elgato game capture devices in order to record what happens while the

system is running.

9.1.4 Procedure

Participants were introduced to the interaction methods continuously before they were

allowed to practice and then they were asked to do the tasks. They would first try the

interaction techniques for navigation, then they would decide which of the techniques

they liked the best. The technique chosen would then be tried with free motion and

they would again have to choose if they liked the interaction the best with or without

free motion. After this they are introduced to the selection techniques, and do the

task for the two techniques. They are again asked to choose between the two methods of

interaction. This is the last of the tasks, and they are helped get the devices off and then

interviewed about their choices and their opinion of the virtual environment, interview

questions in Appendix H.

9.2 Results

Figure 9.2 shows the choice sequence of each of the participants, giving an impression of

the different tendencies and allows us to see sequences that stand apart from the rest, a

list of the choices is found in Appendix I. Table 9.1 shows p-values for statistical analyses

of user choices in interfaces as well as significant connection between choices of interfaces.

The data is separated into two groups; one group is the gymnasium teachers and the

other is all of the participants. This is done because the results from the teachers show

some tendencies that are not as clear with the results where the lecturers are included.

This mainly affects the tendencies for selection techniques.

10 of the 17 participants experienced displeasure after using the IVE system. Of these

10, 6 experienced the displeasure as a result of wearing the HMD. One had enough

motion sickness to leave the test early and the rest experienced slight dizziness and

irritation in the eyes.
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Figure 9.2: Parallel coordinate plot of the choices of interaction techniques throughout
the experiment. A red line crossing a dotted line above the black line means that
the user chose either the grabbing the air technique, gaze directed navigation or gaze
directed pointing. Crossing below the black line means that the user chose either the
joystick navigation technique, the plane bound navigation mode or the image-plane

selection method.

Table 9.1: P-values for Binom tests and Fisher tests for participants’ choices of inte-
faces and interaction techniques.

Subjects Teachers All
Techniques Distribution P-value Distribution P-value
Grabbing the air/Joystick 9-3 0.146 13-3 0.02127
Plane bound/Gaze directed 8-4 0.3877 8-8 1
Gaze/Gaze & pen 7-5 0.7744 9-7 0.8036
Choice Combinations P-value P-value
Navigation/Gaze directed 1 1
Navigation/Selection 0.04545 0.0625
Gaze directed/Selection 1 1
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When asking about preference to navigation and selection techniques, most users based

their decisions on what they thought the most logical and intuitive to use. More of the

users thought it a very slight difference between the two selection techniques.

A few had trouble remembering how to use the controls while completing the tasks, but

all of those said that it was something they would learn quickly through practice.

Their general impression of the system was good. Many said that it worked fine and

it was simple and easy to use. One participant said that he forgot the discomfort of

the HMD while working in the virtual environment. Several answered that it was easy

to navigate and orientate in the environment. A few noticed the problems with drift

from the Inertiacube. One participant described the system as weird and unfamiliar and

another described it as out of focus, other just commented that the text in the menu

was out of focus.

9.3 Analysis

Figure 9.2 shows grouping of participants when it comes to their interfaces preferences,

eventhough the results in Table 9.1 show little significant correlations between choices.

The p-values from Table 9.1 shows that there is a significant number of participants who

chooses the grabbing the air technique. When looking at the results from the teachers

at Virum Gymnasium, there is a significant result when looking at the combinations of

choices of navigation and selection technique. This shows that there may be a connection

between the chosen navigation technique and the chosen selection technique, but this is

only when looking at the teachers on their own.

This experiment has thus given clear results for the navigation technique, where grabbing

the air technique is the most preferred by the users. When looking at the selection

techniques tested, there is no significant preference based on these test results. This

should be examined further. It would be beneficial to iterate on the image-plane selection

technique to eliminate the risk of errors. A solution could be to use the button on the

pen instead of tapping the pen on the tablet. This way the user can move the pen on

the tablet instead of hovering it above.
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Discussion and Conclusion

In this project, three research questions have been examined. This section will have

discussion and conclusion for each of the research questions.

The first research question is stated as following:

What is the most efficient and preferable WIMP-based system control

interface in an IVE for use in a classroom context using off-the-shelf input

hardware?

To be able to answer this research question tree separate experiments were done. Four

devices were chosen to be part of the research, the first is the Microsoft Kinect, the

second a Nintendo Wii Nunchuk controller, as well as a graphics tablet operated using

a pen as well as touch. The first experiment was done to be able to compare the devices

with each other, this was done by finding the best possible physical amplitude for each

of the devices. After this the devices were compared to each other with a test using the

target group. As a small additional experiment the two devices that did the best in the

comparison were used in another test where they were compared again, this time they

were both implemented with a trigger. From these experiments, the results show that a

pen and tablet interface is the best solution for a IVE setup that is to be used for class

lectures. This is based on the efficiency of the devices based on task completion time

and error rates as well as user preferences.

The second and the third research questions are examined simultaneously, they are

stated as following:

Which of two interaction technique using the pen and tablet interface is

the most preferred by the users for Navigation.
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Which of two interaction technique using the pen and tablet interface is

the most preferred by the users for selection.

At first the plan was to test the selection technique on efficiency, as it was done in the

first experiment, but the hardware set a limitation due to drifting of the Inertiacube. Be-

cause of this, both the navigation and selection techniques were evaluated based on user

preferences alone. The two navigation techniques compared are a technique based on

grabbing the air using the pen by dragging it across the tablet surface and a techniques

inspired by a joystick, where a cursor position in relation to a central point determines

the movement direction and velocity. Addition, two modes of navigation are compared;

either the user is bound to move on planes parallel or perpendicular to the ground or

the user will move in direct relation to the gaze direction. The selection methods com-

pared are gaze directed pointing, where the user has a static crosshair in the center of

the viewport used to mark objects in the environment, and a combination of the gaze

direction with a movable cursor controlled with the pen and tablet.

The results show that users have a significant preference to grabbing the air navigation

technique compared to a joystick-based one. However, there is no significant preference

towards a specific selection technique or navigation mode.

In addition to these conclusions the study shows the possibilities of the pen and tablet

interface as a viable input device for IVE, as it has proven to be able support a wide va-

riety of interaction task. Also, regardless of interaction techniques and user preferences,

most test participants were able to pick it up and use it very quickly.

It should be considered that the sample sizes for the experiments in this study have

been small considering the population of teachers that could be interested in the sys-

tem. Also, the test subjects have been recruited from one school and one university

department. It is necessary to test on larger group of teachers from various schools.

Also, the preliminary studies have not been performed on teachers, but on people of a

different age range. This is not expected to have an effect on the results, but it is a

possibility.
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Future Work

Before a finished IVE system for use in class lectures is to be used, there are still a

lot of subjects to examine. This project has focused on some of the basic interaction

methods for the system, and this chapter will describe some of the things that needs to

be examined further along with some of the subjects that has not been a focus in this

research.

The examinations of selection techniques did not give any significant results, so this needs

to be examined further. Some participants described that they would have preferred the

selection technique with both gaze and pen if they did not risk deselecting by error

because it was difficult to keep hovering without hitting the tablet with the pen. For

further research it would be necessary to implement the method differently in order to

avoid this problem. A solution could be to use the button on the pen instead of tapping

the pen to the tablet, this way the user can move the pen on the tablet instead of

hovering it above.

One of the users suggested the possibility of creating the virtual environments on a

computer instead of attaching all of the equipment and standing in the middle of the

virtual environment. It might be considered to implement for the user to change between

a desktop environment and the full IVE setup for creating new content.

Also important to examine is how users are affected by motion sickness when they do

not control the navigation themselves, as it is the intention that navigation is to be

controlled by the teacher.

An additional relevant subject to consider is the educational value of IVE’s for class

lectures: Is it beneficial for the students’ understanding of the subjects, or will it act

as a distraction? Also, research should be done in the context of a lecture with both

teachers and students.
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It should also be examined how to best allow for non-verbal communication between

teachers and students wearing the HMDs, allowing the students to mark if they have

questions during a lecture. Possible solutions include webcam feed of the classroom for

the teacher or a key operated interface for the students. Relevant for this is research in

collaborative VE systems such as [2].

Many participants find the HMD uncomfortable after wearing it for just a short amount

of time. For this problem more ergonomic HMD would be a solution.

Placement of the menu and how to activate it would be something to examine. For the

fifth experiment a radial menu were placed in one of the bottom corners, but many of

the participants were unable to read the text in the menu elements. This might have

been affected by the HMD, but it still needs to be examined how large and where it

should be placed to suit the users. Another thing to examine is whether or not the menu

should be visible at all times or if it should be activated.
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Appendix A

Questionnaires from Experiment:

Examination of Physical

Amplitude

48



Pre Test Questionnaire 

Information given in the questionnaire will only be used in our study, and will be handled annonumously.  

 

What is your age? ____ 

What is your gender?     Male  Female 

Do you have experience with virtual environments?  Yes  No 

 

How much experience do you have with the following hardware?  

Nintendo Wii Nunchuk:  

Do not know Not tried it Little experience Much experience 

    

 

PS3 Move:   

Do not know Not tried it Little experience Much experience 

    

 

Microsoft Kinect:  

Do not know Not tried it Little experience Much experience 

    

 

Touchpad or touchscreen:  

Do not know Not tried it Little experience Much experience 

    

 

Pen and tablet:   

Do not know Not tried it Little experience Much experience 
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Which is your dominant hand?  Right  Left 

 

Do you have decreased visual acuity?    Yes No 

 

Do you have any deceases (fx Parkinsons) that might affect your koordination? Yes No 

 

Are you suffering from a headache right now?    Yes No 

 

Are you dizzy right now?      Yes No 

 

Is your eyes irritated right now?    Yes No 

 

Do you experience nausea right now?    Yes No 

 

Are your arms tired right now?    Yes No 

 

Are you experiencing any other discomfort right now?   Yes No 

If Yes – Please specify: 
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Post test questionnaire 

 

Are you suffering from a headache right now?    Yes No 

 

Are you dizzy right now?      Yes No 

 

Is your eyes irritated right now?    Yes No 

 

Do you experience nausea right now?    Yes No 

 

Are your arms tired right now?    Yes No 

 

Are you experiencing any other discomfort right now?   Yes No 

If Yes – Please specify: 
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Appendix B

Answers from the Questionnaires

to Experiment: Examination of

Physical Amplitude

File ”B.xlsx” in folder ”Appendix” on the enclosed CD
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Questionnaires from Experiment:

Comparing Efficiency and

Preferences of Devices
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Pre Test Questionnaire 

Oplysninger der bliver givet i forbindelse med testen vil kun blive brugt i forbindelse med vores 

undersøgelser, og vil blive bearbejdet anonymt. 

  

Hvad er din alder? ____ 

Hvad er dit køn?     Mand  Kvinde 

Har du erfaring med virtual reality?   Ja  Nej 

 

Hvor meget erfaring har du med følgende typer hardware?  

Nintendo Wii Nunchuk:  

Kender ikke Ikke prøvet Lidt erfaring Meget erfaring 

    

 

PS3 Move:   

Kender ikke Ikke prøvet Lidt erfaring Meget erfaring 

    

 

Microsoft Kinect:  

Kender ikke Ikke prøvet Lidt erfaring Meget erfaring 

    

 

Touchpad eller touchscreen:  

Kender ikke Ikke prøvet Lidt erfaring Meget erfaring 

    

 

Pen og tablet:   

Kender ikke Ikke prøvet Lidt erfaring Meget erfaring 
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Er du højre- eller venstrehåndet? Højre  Venstre 

 

Har du nedsat synsevne på nogle af dine øjne?   Ja Nej 

 

Har du en lidelse (fx Parkinsons syge) der kan påvirke din koordinationsevne? Ja Nej 

 

Oplever du hovedpine lige nu?     Ja  Nej 

 

Oplever du svimmelhed lige nu?     Ja Nej 

 

Oplever du at have ondt i øjnene lige nu?    Ja Nej 

 

Oplever du kvalme lige nu?     Ja Nej 

 

Er du træt i armene lige nu?     Ja Nej  

 

Oplever du andet ubehag lige nu?    Ja Nej 

Hvis ja til sidste spørgsmål – Specificer venligst: 
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Post test questionnaire 

Oplever du hovedpine lige nu?     Ja  Nej 

 

Oplever du svimmelhed lige nu?     Ja Nej 

 

Oplever du at have ondt i øjnene lige nu?    Ja Nej 

 

Oplever du kvalme lige nu?     Ja Nej 

 

Er du træt i armene efter lige nu?    Ja Nej  

 

Oplever du andet ubehag lige nu?    Ja Nej 

Hvis ja til sidste spørgsmål – Specificer venligst: 

 

Rangér controllerne efter hvilken der var lettest at bruge, med tallene 1-4, hvor 1 er den du bedst kan lide 

og 4 er den du synes mindst om 

Nunchuk  ______ 

Pen and tablet ______ 

Hånd  ______ 

Tablet  ______ 

 

Rangér controllerne efter hvilken der var mest komfortabel at bruge, med tallene 1-4, hvor 1 er den du 

bedst kan lide og 4 er den du synes mindst om 

Nunchuk  ______ 

Pen and tablet ______ 

Hånd  ______ 

Tablet  ______ 
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Vurder din oplevelse med Wii Nunchuk på skalaen 

Brug Komfort 

Vurder din oplevelse med pen og tablet på skalaen 

Brug Komfort 

Vurder din oplevelse med tablet på skalaen 

Brug Komfort 

Vurder din oplevelse med Hånd på skalaen 

Brug Komfort 
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Pre Test Questionnaire 

Information given in the questionnaire will only be used in our study, and will be handled annonumously.  

 

What is your age? ____ 

What is your gender?     Male  Female 

Do you have experience with virtual environments?  Yes  No 

 

How much experience do you have with the following hardware?  

Nintendo Wii Nunchuk:  

Do not know Not tried it Little experience Much experience 

    

 

PS3 Move:   

Do not know Not tried it Little experience Much experience 

    

 

Pen and tablet:   

Do not know Not tried it Little experience Much experience 
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Which is your dominant hand?  Right  Left 

 

Do you have decreased visual acuity?    Yes No 

 

Do you have any deceases (fx Parkinsons) that might affect your koordination? Yes No 

 

Are you suffering from a headache right now?    Yes No 

 

Are you dizzy right now?      Yes No 

 

Is your eyes irritated right now?    Yes No 

 

Do you experience nausea right now?    Yes No 

 

Are your arms tired right now?    Yes No 

 

Are you experiencing any other discomfort right now?   Yes No 

If Yes – Please specify: 
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Post test questionnaire 

 

Are you suffering from a headache right now?    Yes No 

 

Are you dizzy right now?      Yes No 

 

Is your eyes irritated right now?    Yes No 

 

Do you experience nausea right now?    Yes No 

 

Are your arms tired right now?    Yes No 

 

Are you experiencing any other discomfort right now?   Yes No 

If Yes – Please specify: 
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Pre Test Questionnaire 

Information given in the questionnaire will only be used in our study, and will be handled annonumously.  

 

What is your age? ____ 

What is your gender?     Male  Female 

Do you have experience with virtual environments?  Yes  No 

 

How much experience do you have with a Pen and Tablet?    

Do not know Not tried it Little experience Much experience 

    

 

 

 

 

Which is your dominant hand?  Right  Left 

 

Do you have decreased visual acuity?    Yes No 

 

Do you have any deceases (fx Parkinsons) that might affect your koordination? Yes No 

 

Are you suffering from a headache right now?    Yes No 

 

Are you dizzy right now?      Yes No 

 

Is your eyes irritated right now?    Yes No 

 

Do you experience nausea right now?    Yes No 
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Are your arms tired right now?    Yes No 

 

Are you experiencing any other discomfort right now?   Yes No 

If Yes – Please specify: 
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Post test questionnaire 

 

Are you suffering from a headache right now?    Yes No 

 

Are you dizzy right now?      Yes No 

 

Is your eyes irritated right now?    Yes No 

 

Do you experience nausea right now?    Yes No 

 

Are your arms tired right now?    Yes No 

 

Are you experiencing any other discomfort right now?   Yes No 

If Yes – Please specify: 
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Interview spørgsmål 

Testperson nr.: 

1. Alder: 

2. Oplever du ubehag efter at have benyttet systemet? 

3. Kan du sætte ord på hvad der gjorde at du valgte den navigationsteknik? 

4. Kan du sætte ord på hvad der gjorde at du valgte den selektionsteknik? 

5. Var nogle af de metoder, du skulle bruge, ulogiske? 

6. Hvad er dit generelle indtryk af det virtuelle miljø? 

7. Havde du problemer med at huske hvordan de forskellige opgaver skulle udføres? Er det noget du 

mener, er realistisk at lære udenad? 
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ABSTRACT

In this study, the amplitudes best suited to compare four input de-
vices are examined in the context of a pointer-based system con-
trol interface for immersive virtual environments. The interfaces
are based on a pen and tablet, a touch tablet, hand-tracking using
Kinect and a Wii Nunchuk analog stick. This is done as a pre-
liminary study in order to be able to compare the interfaces with
the goal of evaluating them in the context of using virtual environ-
ments in a class lecture. Five amplitudes are tested for each of the
four interfaces by having test participants mark menu elements in
an eight-part radial menu using each combination of amplitude and
interface. The amplitudes to be used for future experiments were
found. Also, the movement times for the interfaces do not fit the
predictions of Fitts’ law.

Index Terms: H.5.1 [Information Interfaces and Presentation]:
Multimedia Information Systems—Artificial, augmented, and vir-
tual realities, Evaluation/methodology; H.5.2 [Information Inter-
faces and Presentation]: User Interfaces—Evaluation/methodology,
Input devices and strategies, User-centered design

1 INTRODUCTION

Immersive virtual environments (IVE) are becoming more accessi-
ble to the general public with development of new devices such as
the Oculus Rift [3] and Sixsense’s Stem System [5], both of which
are affordable off-the-shelf hardware. Therefore it is relevant to
examine how system control interfaces using current off-the-shelf
technologies can be developed. Previous studies have compared
input devices for system control in IVE’s, but most of them have
compared them based on interface designs tailored to the individ-
ual input devices. This results in various menu layouts and selection
methods. In this study the focus is on pointer-based interaction us-
ing a radial menu layout for the system control interface. The goal
of this preliminary study is to limit variables for future experiments
by finding the most efficient physical amplitude for each interface.

2 STATE OF THE ART

Previous studies have compared IVE system control interfaces
based on various input devices. Bowman and Wingrave [1] eval-
uated a glove controller-based interface against a floating menu and
pen and tablet interfaces. They had the participants complete 30
tasks using each interface while being timed. However, due to the
study using commonly used versions of the interfaces, variation in
menu layout and selection methods makes it hard to attribute the
efficiency to the input devices on their own. The same is the case
for the study of Schulthesis’ study of a two-handed interface against

∗e-mail: ntha09@student.aau.dk
†e-mail: khal09@student.aau.dk
‡e-mail: rs@create.aau.dk

a mouse and a wand interface, where they used the ideal menu de-
sign for each interface instead of eliminating confounding variables
[4]. Fitts’ law [2] is often used to evaluate the efficiency of pointer-
based user interface (UI). The fundamentals of Fitts’ law is that
movement time is linearly proportional to the index of difficulty,
which is based on the amplitude and the tolerance of the task.

3 PRELIMINARY STUDY

This poster describes a preliminary study, which is to be used in
future research to discover which interface is best suited for an IVE
for use in classroom lectures. The preliminary study is done to be
able to compare the different devices to each other in a later study
using teachers as participants. The amplitudes best suited for future
studies are determined based on the fastest task completion times
in combination with the lowest error rates. Additionally, Fitts’ law
is applied to the results to examine whether it can be used to de-
termine the most efficient amplitude. The interaction techniques
being tested includes hand tracking using the Microsoft Kinect, a
fifteen by nine centimeter tablet which is tested with finger and pen
interaction and the Nintendo Wii Nunchuk where the analog stick
will be used for interaction. Each device is tested with five ampli-
tudes. These are chosen based on intervals ranging from the lowest
to the highest feasible amplitudes for each device, based on device
dimensions and arm reach.

3.1 Experiment Setup
The experiment examines four different interaction devices in the
context of an IVE. The participants are equipped with a Sony HMZ-
T2 head-mounted display (HMD) with a mounted InertiaCube3 for
tracking the participants’ head orientation. A Microsoft Kinect is
used to track the participants’ head position. The participants use
all four devices in different sequence for each participant, in order
to counterbalance any bias. For each device they will try five levels
of physical amplitude, equally separated in an interval ranging from
the shortest to the longest appropriate amplitudes with each device.
The amplitudes are presented in random sequence, and for each
of those the participants complete 32 tasks. The tasks consist of
moving a cursor to mark elements in a radial menu consisting of
eight menu elements.

3.2 Methods
24 participants are used in the experiment in order to counterbal-
ance the order of devices. The sequences of interfaces are randomly
assigned to the test participants. Participants are given a question-
naire both before and after the experiment. The main purpose is
to know the physical conditions of the test participants before and
after the experiment in order to know if they suffer any physical
side effects from using the system and to know if these may have
affected their performances. In the questionnaire, the participants
are also asked about their gender and experience with IVE’s as well
as the input devices used in the experiment. The participants are
all students of Aalborg University. Of the participants, three were
female and 21 male. Their ages range from 20-30 and five partic-
ipants had no prior experience with IVE’s. The system logs the
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Table 1: Amount of errors for each condition. The ”*” mark the condi-
tions chosen for future studies.

Device Amplitude in cm Correct tasks Errors
Kinect 10 707 61
Kinect 15 724 44
Kinect 20 722 46
Kinect * 25 751 17
Kinect 30 755 13
Nunchuk 0.5 591 177
Nunchuk 0.625 588 180
Nunchuk * 0.75 635 133
Nunchuk 0.875 629 139
Nunchuk 1 620 148
Pen and Tablet 1 752 16
Pen and Tablet 1.75 747 21
Pen and Tablet * 2.5 759 9
Pen and Tablet 3.25 754 14
Pen and Tablet 4 765 3
Touch Tablet 1.5 721 47
Touch Tablet 2.375 739 29
Touch Tablet 3.25 747 21
Touch Tablet * 4.125 758 10
Touch Tablet 5 761 7

following data during the experiment: Movement time for mark-
ing elements, movement time to return to the middle, the total task
time, occurring errors as well as the target element and the element
marked when the participants cause errors. The radial menu and the
IVE used for the experiment is shown in Figure 1.

4 RESULTS

A Friedman test with post-hoc comparisons is used to rank the mean
total task completion times for each device and amplitude level as
seen in table 2. Table 1 presents the amount of errors for each
of the combinations. The questionnaires showed that three people
felt discomfort before the experiment started and 20 felt discomfort
afterwards. Most discomforts were ind arms and from wearing the
HMD. Analysing the total task completion time for each device, as
well as separating marking time and return time, using the index
of difficulty, shows that none of the interfaces fit the predictions of
Fitts’ law, judging from the r2 values. This is also the case when
the eight directions are analyzed separately.

5 DISCUSSION AND CONCLUSION

When looking at the results for the Nunchuk, the middle and the
largest amplitudes are the fastest. However, the rate of errors for
the middle amplitude with the Nunchuk is the lowest for the de-
vice. Therefore, this amplitude is the one that will be used in fur-
ther research. For the Kinect the largest amplitude is significantly
slower than the rest, none of the other amplitudes are different from

Figure 1: Radial menu in VE.

Table 2: Ranking from Friedman procedure, slowest conditions at
the top. The letters tell the rank of the conditions. If conditions are
at different ranks, there is a significant difference. The ”*” mark the
conditions chosen for future studies.

Device Amplitude in cm Average times Ranking
Kinect 30 1.84 A
Kinect * 25 1.71 AB
Touch Tablet 5 1.68 BC
Kinect 10 1.65 BC
Kinect 15 1.62 BC
Kinect 20 1.60 C
Touch Tablet 1.5 1.41 D
Touch Tablet * 4.125 1.36 DE
Touch Tablet 2.375 1.36 DE
Touch Tablet 3.25 1.32 E
Pen and Tablet 4 1.28 E
Pen and Tablet 3.25 1.06 F
Pen and Tablet * 2.5 1.00 FG
Pen and Tablet 1 0.99 FG
Pen and Tablet 1.75 0.98 G
Nunchuk 0.5 0.88 H
Nunchuk 0.875 0.86 H
Nunchuk 0.625 0.83 HI
Nunchuk * 0.75 0.81 I
Nunchuk 1 0.79 I

each other, therefore the second-largest amplitude will be used in
further testing, since it has the smallest rate of errors. For the Pen
and Tablet interface the second-smallest amplitude is significantly
faster than the second-largest and the largest amplitude. The small-
est amount of errors is in the middle and the largest amplitudes,
because of this the middle amplitude is chosen, since it is not sig-
nificantly different from the second-smallest in the time factor, but
is has a smaller rate of errors. The largest amplitude with the Touch
Tablet is significantly slower compared to the other amplitudes. The
middle amplitude which is the fastest is not significantly different
in time from the second-largest, which is the one with the second
smallest rate of errors. Therefore the second-largest amplitude is
chosen for further testing. To sum up, the results of test shows that
the Kinect is slow, but with a small amount of errors. The Nunchuk
is faster to use than all other devices, but has a much larger amount
of errors. Both the tablet interfaces are faster than the Kinect and
with a low amount of errors. The results do not fit the predictions of
Fitts’ law, so this will not be used to evaluate performances in future
experiments. The amplitude used for the Nunchuk is 0.75cm, for
the Kinect 25cm, for Pen and Tablet it is 2.5cm and for the Touch
Tablet it is 4.125cm. These physical amplitudes will be used to
compare and evaluate the performance and user preferences of the
devices when used by teachers in the context of class lectures in
order to determine their preferred input device.
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