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Directed by Juan Gilbert

This document describes a study of speech-based cursor control mechanisms along

with a new proposed approach called NameTags. This research is intended to provide

empirical user data to inform the design of future systems where one or more of the following

conditions are present: real-time demands, very small targets, and moving targets. One

such application of this research is in the area of video games, where subjects are often

required to make quick selections on numerous small, moving objects. These findings also

have implications for physically impaired subjects whose primary or only control modality

is speech.
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Chapter 1

Introduction and Background

1.1 Introduction

Cursor control is a fundamental aspect of modern computer interfaces, especially those

whose interaction style is direction manipulation. While the mouse has remained the pre-

vailing cursor control device since its commercial introduction in the early 1980s, it is not

always accessible or optimal. Many physically impaired users may prefer or require speech-

based interfaces for cursor control. Even users who are not physically impaired may find

speech-based cursor control useful or preferable in certain situations. Still others may prefer

a multimodal approach, utilizing speech and the mouse (or other pointing device) together

to realize cursor control.

Once the target object is selected, a user may manipulate that object. When utilizing

cursor control, a user may drag the object or point to a destination location (such as the

Windows Recycle Bin or a subfolder). Improving speech-based cursor control for object

selection and spatial navigation is the focus of this research. The following section provides

a background of the area pertinent to this research, Speech-based Cursor Control.

1.2 Background

Speech as an interface modality is nothing new. However, comprehensive PC control via

speech is a greater challenge. Work by Oviatt [25] found that text entry and cursor control

were two key elements that must be supported by such a speech-enabled system. The first

is easier than the second, since recent advances in speech recognition systems have pushed
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recognition accuracy to 98% under controlled environments, making them powerful tools

for dictation [13]. Cursor control, on the other hand, is not as naturally mapped to speech.

In fact, if such a system is poorly designed, the inherent delay of speech and recognition

error rates can make pointing at an object on-screen a tedious task. Work by Sears [31]

found that users who employed dictation software spent a third of their time navigating to

the target location. Therefore, any improvement of cursor control performance will have a

significant impact on total task completion time.

Some research in this area has focused on ”target-based” pointing; that is, selecting

a predefined labeled point on-screen [6, 17, 18, 19]. Others employ a ”direction-based”

approach, wherein users give directional commands relative to the current cursor position

[14, 16, 24, 20, 21, 22].

Direction-based cursor control can be subdivided into two types: discrete and contin-

uous. Discrete cursor control allows a user to say commands like ”Move left 2 inches”.

Research shows that this approach becomes less effective when the cursor is further from

the goal location [20]. Continuous cursor control requires the user to specify a direction

(and perhaps a speed) which ”drives” the cursor to the desired location. Once the cursor

reaches the goal, the user says ”stop” or a similar command to stop the cursor’s movement.

This approach leads to 3 types of delay, however:

• Delay associated with the user perceiving that the cursor has reached the destination

• Delay associated with the user uttering the stop command

• Delay associated with the speech recognition engine’s processing of the user’s com-

mand
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As a result, users must predict where the cursor will stop and issue the ”stop” command

before the cursor reaches the goal. Karimullah [20] proposed an approach which displays a

”ghost cursor” along with the actual cursor which indicates where the cursor will end up if

the user says ”stop” at the given moment.

A variation on this theme is the use of ”non-speech”, or verbal sounds (such as hum-

ming) to move the cursor [14, 33, 16]. Harada’s Vocal Joystick allows users to make vowel

sounds to choose direction (”ee” for left, ”ahh” for right, for example) and volume to con-

trol the cursor speed (louder for faster movement). Mihara [24] proposed a hybrid approach

called the Migratory Cursor which employed non-speech and a mix of both direction-based

and target-based cursor control.

Feng [7, 8] studied speech-based navigation in the context of dictation systems. Feng’s

work sought to improve error prevention and recovery. Studies found that while the failure

rates are not significantly different between direction-based and target-based approaches,

direction-based tasks were more likely to fail because they required a longer sequence of

commands to reach a target location.

This research focuses on target-based cursor control, which will now be discussed in

more detail.

Target-based cursor control ”jumps” the cursor directly to a target location. Kamel

and Landay [17, 18, 19], for instance, developed speech-based drawing tools for the blind,

employing a 3x3 grid overlay. Dai et al. [6] built on this work, applying it to sighted users.

The aforementioned grid overlay is a target-based solution, with each cell of the grid assigned

a number from 1 to 9. The user utters the desired number to refer to a particular point

on-screen. A smaller grid is then shown in place of the chosen cell. The user recursively
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issues commands until the target object (and only the target object) is contained within the

highlighted area, then says ”click” or a similar command to simulate a mouse click on that

spot. This grid-based approach allows users to specify any point on-screen, though very

small objects may require up to 7 commands to isolate on a 1024 x 768 resolution screen.

A screenshot of the grid cursor is shown in Figure 1.1.

Figure 1.1: Screenshot of grid cursor control mechanism. In this example, the user wants
to select the gray object. The user says ”one”, and the grid shrinks to that cell location.
Again, the user says ”one”, followed by ”select nine”.

Christian et al. [3] investigated using target-based cursor control to navigate a web

browser, both by having the user speak the link’s text, and by labeling each link with a

number. There was no significant difference between the two approaches in completion time

or subjective satisfaction, though users anecdotally preferred to speak the actual link’s text,

rather than the numbered label.

Speech systems enable individuals with physical impairments to obtain employment in

fields that would otherwise be unattainable. In fact, systems like Jeffrey Gray’s SpeechClipse

[12], a speech-enabled version of the Eclipse programming environment, provide shortcuts

that may improve performance and even subjective satisfaction for users without physical
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impairments. While this research is conducted with subjects without any documented

disabilities, its findings may provide interesting comparative data.

Multimodal systems have become the focus of increased research in the last few years,

though they have been studied as far back as the 1980’s, when Hauptmann [15] found

encouraging results about users’ readiness to mix speech and gesture. Multimodal research

seeks to incorporate new and innovative control mechanisms with the standard joystick

or keyboard-and-mouse control paradigms. Research projects such as [34] and [32] have

explored the use of eye gaze to direct the cursor, while the Nintendo Wii, which features

motion-based controls mixed with classic control mechanisms, has sold over 9 million units

[29]. Perakakis’s [28] studies with multimodal input modes on PDAs found that users tend

to focus on the most efficient input mode. This research, however, has a special interest

in the domain of video games, where users may employ an input modality that is more

entertaining over one that is marginally more efficient.

The next section describes the current problem followed by the proposed approach.

1.3 Problem Description

The aforementioned research has been primarily concerned with applications for draw-

ing shapes, navigating web pages, or dictation. Even in those studies which have imple-

mented their experiments in the form of a game [2, 35], where the user is not constrained

by time and the target location is stationary. In many systems, however, the target ob-

ject may not be stationary, but may instead be moving in a predictable pattern (or even

randomly). Further, the object to be selected may be only a few pixels wide and/or long,

making grid-based solutions less amenable to real-time situations. Also, many programs
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display selectable objects which have no textual label. In this case, the numbering sys-

tem proposed by Christian [3] might be appropriate for small numbers of selectable objects

on-screen. As the number of objects increase, the recognition error rate with integers will

increase as labels such as ”fourteen” and ”forty” sound too much alike.

In such cases, the NameTags control mechanism provides a text ”handle” for these

objects. The next section describes the use of NameTags.

1.4 NameTags

NameTags is a label-based cursor control mechanism that employs common names for a

label bank. Users would be given the ability to toggle a ”name tag” option that would label

each selectable unit on the screen, giving players a verbal ”handle” by which to refer to them

(Figure 1.2). The use of this control mechanism for selecting objects is straightforward. A

user could say, for instance, ”Select Bob, David, and Susan”. This solution balances the

need to distinguish between objects without overloading the screen with details (since it

can be toggled).

Using this mechanism for moving a unit to a given point on-screen is similarly straight-

forward. A user might issue a command like ”Move to Kevin”, or ”Follow Susan”, using

other objects as ”waypoints” or ”leaders”. This mechanism does not, however, provide a

means of pointing to an arbitrary point on-screen (a point where there is no selectable ob-

ject) like the Grid Cursor mechanism does. Therefore, NameTags would have to be coupled

with another mechanism to enable comprehensive PC control.

The use of names in this approach is not simply arbitrary. Labeling units with numbers

or letters may lead to a greater chance of recognition errors, since several numbers and

6



Figure 1.2: Left, a screenshot from Warcraft 3, displaying several units of different types.
Right, the same image but with units ”tagged” with names.

letters sound similar (e.g. letters like ”B”, ”V”, and ”D” and numbers like ”fourteen” and

”forty”), while naming units with labels like ”Kevin” and ”Mark” may provide more distinct

phonemes. Further, if the selectable units are meant to be represented as anthropomorphic

(as in this research), using names may be preferable for the player. Naturally, as the

number of objects on-screen increases, the recognition error rate is expected to increase. It

is possible that a combination of words and numbers yields the optimal balance of aural

distinctiveness and brevity, but that is a subject for future work.
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1.5 Contributions

This research is concerned with improving speech-based cursor control by comparing

three control mechanisms: the joystick, grid-based cursor control, and a proposed label-

based mechanism called NameTags. In each experiment, subjects employed these mecha-

nisms (in isolation and/or combined) to select and move objects on-screen. Subject per-

formance and preference (both reported and actual) were measured and analyzed. This

research is intended to provide empirical user data as well as interpretations of that data in

order to inform the design of future systems where one or more of the following conditions

are present: real-time demands, very small targets, and moving targets.
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Chapter 2

Joystick vs. Grid Cursor Experiment

This chapter details an experiment comparing two different mechanisms for cursor

control - the standard joystick (a.k.a. ”gamepad”) and the speech-based Grid Cursor. This

was the first of three experiments intended to compare the performance and usability of

speech-based cursor control methods with the current prevailing modality.

As the joystick is the predominant cursor control device in video games, this experiment

sought to find a model for predicting joystick performance versus a speech-based mechanism.

Fitts’ law was chosen because it is a proven model for pointing devices.

Fitts’ Law [9] is a model of psychomotor behavior developed by Fitts in 1964. It

describes the time it takes for a human user to acquire a target using a manual input device.

Although it was originally formulated for only one-dimensional movement, researchers have

found it quite robust even with two-dimensional tasks.

2.1 Experimental Design

2.1.1 Hypotheses

This experiment intended to answer the following questions:

• How does the performance of these two mechanisms compare?

• Do these mechanisms adhere to Fitts’ Law for movement time?

• Which mechanism do subjects prefer?

The following hypotheses were tested:
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• The joystick will outperform the grid cursor in completion time.

• The joystick will adhere tightly to Fitts’ Law (greater than .90 Pearson’s correlation).

• The grid cursor will adhere tightly to Fitts’ Law (greater than .80 Pearson’s correla-

tion) with modifications to the formula.

2.1.2 Subjects

There were 40 subjects for this experiment, 17 females and 23 males, and their average

age was 25.3. These subjects were selected from the student body and faculty of Jacksonville

State University. The subjects needed no specialized knowledge or experience to participate

in this research. Subjects’ computer use and game play per week are shown in Figure 2.1.

As shown, no subjects reported ”None” for computer use. Each category for game play was

also well represented.

Figure 2.1: Subjects’ computer use and game play in hours per week.
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2.1.3 Setup

Subjects were asked to play a simple game in which their only goal was to select the

stationary object on-screen as quickly as possible. In order to test both mechanisms, a

within-subjects design was chosen such that half of the subjects employed the grid cursor

first, followed by the joystick, while the other half did the reverse. Each subject performed

50 selection tasks with each mechanism. Subjects were given basic instructions of how to

play the game, then were allowed to practice the given mechanism for 3 trial tasks before

beginning the game proper.

The speech control component of the game was implemented in CloudGarden [4], a

version of the Java Speech API. The game itself was programmed in Game Maker [11], a

simple two-dimensional game engine. Communication between the speech component and

the game was facilitated by keystroke messages generated by the the Java Robot class.

Figure 2.2 depicts two screenshots of the game. The joystick version of the game is

shown on the left, while the Grid Cursor is shown on the right.

Figure 2.2: Joystick version (left), and Grid Cursor version (right).
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In order to mitigate speech recognition errors, subjects completed the introductory

session of the Microsoft Speech Recognition Training Wizard before using the grid cursor.

When using the grid cursor, subjects could utter the following commands:

• To shrink grid: ”< 1 - 9 >” Example command: ”four”

• To select objects: ”Select < 1 - 9 >” Example command: ”select two”

• To go back: ”go back” or ”back”

Selecting an object would occur as shown in Figure 2.3.

Figure 2.3: The subject sees that the object is mostly inside of cell 5 and utters the command
”five”. The grid then shrinks to the size and location of cell 5. Now that one of the cells
is entirely inside of the object to be selected, the subject can issue the command ”select
three”.

When using the joystick, the following controls were available:

• To move the cursor: Move the directional pad

• To select objects: Press button ”A”

After pilot testing, the movement speed for the joystick was set at 210 pixels/second.

The joystick cursor was reset to the center of the screen at the beginning of each game level.

12



2.1.4 Object Size and Placement

The objects to be selected were randomly placed on-screen and were randomly sized

between 20 pixels and 100 pixels square on a 1024x768, 17” screen. The size ranges were

derived from a popular turn-based strategy game, Galactic Civilizations [10]. This game

genre was chosen because selectable objects remain stationary, which is necessary to test the

Fitts’ Law adherence. Testing with stationary objects also provides a baseline to compare

with for future experimentation with moving objects.

2.1.5 Questionnaire

After the game was completed, subjects were asked to fill out a questionnaire which

asked subjects for the following information:

• Age

• Gender

• How much time subject uses a computer per week

• How much time subject plays video games per week

Subjects were also asked to rate their subjective impressions on each control mechanism.

An excerpt is shown in Figure 2.4.
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Figure 2.4: An excerpt from the post-experiment questionnaire.

2.2 Results

2.2.1 Performance Comparison

The joystick outperformed the grid cursor for completion time substantially, with a

mean completion time of 2.178 seconds, versus the grid cursor with 7.634. Further detail is

shown in Figure 2.5.

The joystick is the clear winner in regard to completion time. It is important to note,

however, that this experiment enforced a requirement on the grid cursor which, if relaxed,

would result in faster average performance. This requirement is illustrated in Figure 2.6.

This requirement was enforced in order to simulate the pointing time necessary for the

worst-case scenario: a screen filled with numerous, tightly packed, selectable objects. In

such a situation, the subject would be forced to employ the grid cursor as they did in the
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Figure 2.5: Completion times for the grid cursor (blue) and joystick (red).

experiment. In order to match as closely as possible the default Fitts’ Law experimental

setup, however, only the target selectable object was displayed on-screen.

One-way ANOVA tests on performance data found a wide, statistically significant

gap in performance between males and females (alpha=0.05, F=10.30, P=0.003). Male

subjects had a mean selection time of 1.903 versus female subjects with 2.533. This may

be attributable to hours spent playing video games, because joystick performance was also

highly dependent on the time subjects spent playing games. Details of this are shown in

Figure 2.7. A comparison of game play per week by gender is shown in Figure 2.8.

By looking at both of these factors together, it seems apparent that gender has little

or no significance in joystick performance. Instead, the males in our sample simply spend
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Figure 2.6: Since the object to select in the left picture is the only object inside cell 1,
a subject arguably ought to be able to say ”select one” to select that object. In this
experiment, however, subjects were required to shrink the grid until a cell was completely
within the object, as shown on the right.

more time playing games per week than the females. The interaction of these two factors

is shown in Figure 2.9.

Speech performance, on the other hand, was highly dependent on time spent using the

computer (F=3.61, P=0.037), but not on time spent playing video games.

2.2.2 Adherence to Fitts’ Law

This experiment employed the Shannon Formulation of Fitts’ Law, as shown.

T = a + b log2( D
W + 1)

The Shannon formulation of Fitts’ Law was chosen because the predicted movement

time is always nonnegative. In this formula, T refers to movement time, D is the distance

from the cursor to the center of the object, and W is the width of the object. The constants

a and b can be determined via linear regression, and they represent the start/stop time

of the device and the device’s inherent movement speed. Since Fitts’ Law was originally
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Figure 2.7: Main effects plot for joystick selection time and hours spent playing video games
per week.

intended for one-dimensional movement, some modifications must be made. Mackenzie [23]

compared several variations of the Fitts’ Law formula for two-dimensional tasks, and this

experiment employs the following:

• Distance is determined by the Euclidean distance from the cursor to the object’s

center.

• Width is determined by the greater of the height or the width (this is actually moot

in our experiment since the objects to be selected were square).

The joystick adhered tightly to Fitts’ law with a Pearson’s correlation of 0.912, as

shown in Figure 2.10.

The regression equation is Selection Time = 0.239 + 0.794 log2( D
W + 1).
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Figure 2.8: Subjects’ reported hours spent playing video games per week.

When testing the adherence of the grid cursor to Fitts’ Law, it seemed intuitive that

distance was not a useful parameter because the grid cursor covers the entire screen. Size

seemed to be the primary parameter for determining selection time. To test this, the original

Shannon formulation and two variations were tested against observed selection time. They

are shown.

• Selection Time = a + b log2( D
W + 1) Original Formulation

• Selection Time = a + b log2(D + 1) Distance Alone

• Selection Time = a + b log2( 1
W + 1) Size Alone

The fit of each of these formulations is shown in tabular and graphical format in Table

2.1 and Figures 2.11, 2.12, and 2.13. The tightest fit was found when considering size

as the only factor, followed by the original Shannon formulation and the ”distance only”

formulation.
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Figure 2.9: Interaction between gender and time spent playing video games for joystick
selection time.

Table 2.1: Comparison of 3 variations of Shannon formulation.
Model Correlation Regression Equation

Distance Alone .240 Selection Time = 4.54 + 0.391 ID Distance
Original .588 Selection Time = 5.58 + 0.841 ID Both

Size Alone .696 Selection Time = 5.87 + 64.2 ID Size

2.2.3 Subject Preference

As portrayed in the excerpt of the post-experiment questionnaire, 40 subjects were

asked to rate their experience with the joystick and the grid cursor based on the following

6 bipolar semantic categories:

• Boring or Fun

• Detached or Engaging

• Difficult to Control or Easy to Control
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Figure 2.10: The actual selection time (in blue) and the Fitts’ Law predicted selection time
(in red).

• Frustrating or Enjoyable

• Unnatural or Natural

• Complex or Simple

The grid cursor received a higher mean score than the joystick for 4 out of the 6

categories. Of the 6 categories tested, however, only 2 were statistically significant with an

alpha value of .05. Subjects rated the joystick simpler (P=.000), while the grid cursor was

rated as more engaging (P=.001). The results are shown in Figure 2.14.
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Figure 2.11: Using distance as the only parameter for selection time provided very poor
prediction (correlation of 0.240). Observed time is in gray, while predicted time is in blue.

Female subjects rated the joystick as more engaging (Mean=3.71, Std. Dev.=0.772)

than male subjects did (Mean=2.81, Std. Dev.=1.09) in one-way ANOVA tests (alpha=0.05,

F=8.03, P=0.007). Grid cursor ratings were reversed(F=4.31, P=0.045), with males rating

the grid cursor as more engaging (Mean=4.23, Std. Dev.=0.685) than female subjects did

(Mean=3.65, Std. Dev.=1.06).

2.2.4 Conclusion

This section provides a brief summary of the results of this experiment.
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Figure 2.12: Using both distance and size to predict selection time performed much better
(correlation of 0.588). Observed time is in gray, while predicted time is in red.

The joystick outperformed the grid cursor in mean selection time by a factor of 3.5,

though it should be noted that this is a worst-case performance. Even under optimal

circumstances, however, the joystick is the clear winner for performance. Therefore, the

grid cursor would be useful only when the joystick is not accessible or when time is not a

factor.

Unsurprisingly, joystick performance was highly dependent on the amount of time

subjects played video games per week. Speech performance was highly dependent on the

amount of time subjects spent using the computer.
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Figure 2.13: Using size as the only parameter for selection time provided the most accurate
prediction (correlation of 0.696), though not as accurate as the joystick (correlation of
0.912). Observed time is in gray, while predicted time is in green.

The joystick adhered tightly to Fitts’ Law, with a Pearson’s correlation of 0.912. The

grid cursor did not adhere as tightly as the joystick, though it provided the tightest fit when

using size as the only input parameter (correlation of 0.696).

When subject preference was tested, the grid cursor received a higher mean score than

the joystick for 4 out of the 6 categories. The joystick was rated simpler, while the grid

cursor was rated as more engaging. This suggests that even though the grid cursor is

the inferior performer in regard to completion time, subjects may still prefer to use this

mechanism over the joystick in some situations.
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Figure 2.14: Subject ratings for the joystick and grid cursor. Joystick shown in blue, grid
cursor in red.

Female subjects rated the joystick more engaging than male subjects, while male sub-

jects rated the grid cursor more engaging than the female subjects did. This may imply

that many users are most engaged when they are being challenged, in accordance with

psychologist Mihly Cskszentmihlyi’s work on ”Flow” [5].
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Chapter 3

Joystick vs. Speech (Nametags + Grid Cursor) Experiment

This chapter details the results of an experiment comparing two different mecha-

nisms for cursor control - the standard joystick (a.k.a. ”gamepad”) and a combination

of NameTags and the Grid Cursor. This was the second of three experiments intended to

compare the performance and usability of speech-based cursor control methods with the

current prevailing modality.

Experiment 1 established the joystick’s performance superiority over the grid cursor

for object selection. Subjects also found the joystick to be simpler than the grid cursor,

while they rated the grid cursor as more engaging.

Experiment 2 combined NameTags and the grid cursor in an effort to improve object

selection performance. As aforementioned, the grid cursor is necessary when pointing to

unlabeled on-screen coordinates.

3.1 Experimental Design

3.1.1 Hypotheses

This experiment intended to answer the following questions:

• Which performs better for object selection, the joystick or NameTags?

• Which performs better for object movement, the joystick or the grid cursor?

• How does object size affect object selection performance for each mechanism?

• Which mechanism do subjects prefer?
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The following hypotheses were tested:

• NameTags will outperform the joystick in selection time.

• NameTags performance will increase as object size decreases.

• The speech mechanism (NameTags + grid cursor) will be preferred over the joystick.

• NameTags will be preferred over the grid cursor.

3.1.2 Subjects

There were 40 subjects for this experiment, 16 females and 24 males, and their average

age was 21.1. These subjects were selected from the student body and faculty of Jacksonville

State University. The subjects needed no specialized knowledge or experience to participate

in this research. Subjects’ computer use, game play, and speech interface experience are

shown in Figure 3.1. Distributions for computer use and game play are quite similar to the

previous experiment. Speech system use was tracked in this experiment, and shows that an

overwhelming majority of subjects had never used speech prior to using this system.

3.1.3 Setup

Subjects were asked to play a simple game in which their goal was to select the station-

ary object on-screen and guide it to a goal location as quickly as possible. The object to be

selected had a text label when using NameTags, while the goal location did not. In order

to test both mechanisms, a within-subjects design was chosen such that half of the subjects

employed speech first, followed by the joystick, while the other half did the reverse. Each

subject performed 50 tasks with each mechanism. Subjects were given basic instructions of
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how to play the game, then were allowed to practice the given mechanism for 3 trial tasks

before beginning the game proper.

The speech control component of the game was implemented in CloudGarden [4], a

version of the Java Speech API. The game itself was programmed in Game Maker [11], a

simple two-dimensional game engine. Communication between the speech component and

the game was facilitated by keystroke messages generated by the the Java Robot class.

Figure 3.2 depicts two screenshots of the game. The joystick version is shown at the

top, and the speech version is at the bottom.

In order to mitigate speech recognition errors, subjects completed the introductory

session of the Microsoft Speech Recognition Training Wizard before using speech control.

When using speech, subjects could utter the following commands:

• To select objects: ”Select < Name >”

• To shrink grid: ”< 1 - 9 >”

• To move objects: ”Go to < 1 - 9 >”

• To go back: ”go back” or ”back”

When using the joystick, the following controls were available:

• To move the cursor: Move the directional pad

• To select objects: Press button ”A”

• To move objects: Press button ”B”
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As in the previous experiment, the movement speed for the joystick was set at 210

pixels/second. The joystick cursor was reset to the center of the screen at the beginning of

each game level.

3.1.4 Object Size and Placement

As in the previous experiment, the objects to be selected were randomly placed on-

screen and were randomly sized between 20 pixels and 100 pixels square on a 1024x768, 17”

screen. The goal location was fixed at 100 pixels square.

3.1.5 Questionnaire

After the game was completed, subjects were asked to fill out a questionnaire which

asked subjects for the following information:

• Age

• Gender

• How much time subject uses a computer per week

• How much time subject plays video games per week

• How much total time subject has used speech for dictation or control (pre-experiment)

Subjects were also asked to rate their subjective impressions on each control mechanism.
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3.2 Results

3.2.1 Performance Comparison

This section details the performance of each control mechanism. The first section covers

object selection, while the second section covers object movement.

Object Selection Performance

Overall, the joystick outperformed NameTags for stationary object selection by 9.5%.

NameTags had much less variability in selection time, with a standard deviation of 0.226,

compared to the joystick’s 0.758. Results are shown in Figure 3.3.

NameTags, however, outperformed the joystick for selecting small objects. Figure

3.4 arranges the data points shown in Figure 3.3 in order of descending object size. In

accordance with Fitts’ Law, the joystick’s selection times increase as the object to be selected

decreases in size. NameTag’s selection times, however, have a nearly flat slope. Therefore,

one would expect that there is a point at which an object is so small that it takes longer to

select with the joystick than with NameTags. In this experiment, that point was reached

at approximately 44 pixels. Objects smaller than this took less time, on average, to select

with NameTags than with the joystick.

Object Movement Performance

Similar to the previous experiment, the joystick outperformed the grid cursor in move-

ment time by a factor of 2.9. Results are shown in Figure 3.5.
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3.2.2 Subject Preference

As in the previous experiment, 40 subjects were asked to rate their experience with the

joystick and speech based on the following 6 bipolar semantic categories:

• Boring or Fun

• Detached or Engaging

• Difficult to Control or Easy to Control

• Frustrating or Enjoyable

• Unnatural or Natural

• Complex or Simple

In order to differentiate between NameTags and the grid cursor, subjects were also

asked to rate their experience with these control mechanisms. The next two sections detail

the results of the questionnaire.

Subject Preference - Joystick vs. Speech

The speech mechanism received a higher mean score than the joystick for 4 out of

the 6 categories. Of the 6 categories tested, 3 were statistically significant with an alpha

value of .05. Subjects rated speech more fun (P=.002), more engaging (P=.000), and more

enjoyable (P=.016). The results are shown in Figure 3.6.

One-way ANOVA tests revealed a substantial difference on the ”ease of control” for

speech ratings between male and female subjects(F=9.55, P=0.004). Male subjects gave

speech a mean rating of 3.95 (std. dev.=0.999), versus female subjects’ mean of 4.8 (std.
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dev.=0.414). Hours spent playing video games shows an inverse relationship with ”easy to

control” speech ratings (F=3.39, P=0.029). Details of this relationship are shown in Figure

3.7.

Subjects’ rating for speech in the ”simple” category were affected by time spent us-

ing the computer (F=3.57, P=0.039) as well as time spent playing video games (F=3.83,

P=0.018). Details of this relationship are shown in Figures 3.8 and 3.9.

A roughly inverse relationship exists between hours spent playing video games and

speech’s ”natural” category(F=4.54, P=0.009). Details of this relationship are shown in

Figure 3.10.

Another inverse relationship exists between hours spent using speech and speech’s

”engaging” category(F=3.33, P=0.048). Details of this relationship are shown in Figure

3.11.

Female subjects rated speech as more enjoyable (Mean=4.80, Std. Dev.=0.56) than

male subjects did (Mean=4.00, Std. Dev.=1.07) in one-way ANOVA (F=7.03, P=0.012).

Subject Preference - NameTags vs. Grid Cursor

Subjects were also asked to compare NameTags to the grid cursor on the same 6

categories. While NameTags received a higher rating than the grid cursor in all 6 categories,

none of them were statistically significant. The results are shown in Figure 3.12.

One-way ANOVA tests revealed a substantial difference on the ”fun”, ”enjoyable”, and

”easy to control” ratings for NameTags between male and female subjects. Details of these

relationships are shown in tabular format in Table 3.1.
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Table 3.1: One-way ANOVA results show female subjects rate NameTags substantially
higher than male subjects did.

Mean Std. Dev.
Category Male Female Male Female F P

Fun - NameTags 3.73 4.40 0.827 0.737 6.43 0.016
Enjoyable - NameTags 3.95 4.60 0.722 0.633 7.86 0.008

Easy to Control - NameTags 4.18 4.73 0.907 0.458 4.70 0.037

As with speech in general, there is an inverse relationship between time spent playing

video games and NameTag’s ”ease of control” ratings(F=3.36, P=0.030). Details of this

relationship are shown in Figure 3.13.

3.2.3 Conclusion

This section provides a brief summary of the results of this experiment.

Overall, the joystick narrowly outperformed NameTags for selection of stationary ob-

jects. However, NameTags outperformed the joystick for objects smaller than 44 pixels

square. NameTags selection time also had less variability since it is unaffected by distance

from the target object. The joystick again proved more effective than the grid cursor for

object movement.

Subjects gave speech a higher rating than the joystick for 4 out of 6 categories, 3 of

which were statistically significant. Subjects rated speech more fun, more engaging, and

more enjoyable than the joystick.

Female subjects rated speech higher as easier to control and more enjoyable than male

subjects did. The more time subjects spent using a computer or playing games per week,

the lower they rated speech as ”simple”. The more time subjects spent playing games, the

less natural they considered speech as well.
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The general trend here may be that people who spend very little or no time playing

games may regard speech control as less complicated, since they have no other control

mechanism (such as the joystick) to compare it with. The joystick has the advantage of

familiarity, since most gamers use this control mechanism regularly. On the other hand,

speech control has the advantage of novelty, since most subjects have very little or no

experience using this mechanism. This is partially supported by the inverse relationship

found between speech control experience and speech’s ”engaging” ratings.

Subjects narrowly preferred NameTags to the grid cursor. Female subjects rated

NameTags as more fun, enjoyable, and easier to control than male subjects did. As with

speech in general, time spent playing games and NameTags’ ”ease of control” rating were

in an inverse relationship.
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Figure 3.1: Subjects’ computer use and game play (hours per week), as well as speech
interface experience (total hours).
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Figure 3.2: Joystick version of the game (top), and the speech version (bottom).
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Figure 3.3: Selection times for the joystick and NameTags. NameTags shown in blue,
joystick in red.
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Figure 3.4: Selection times as object size decreases. NameTags shown in blue, joystick in
red. A yellow square marks the point where the trendlines meet.
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Figure 3.5: Movement times for the joystick and grid cursor. Grid cursor shown in blue,
joystick in red.
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Figure 3.6: Subject ratings for the joystick and speech. Joystick shown in blue, speech in
red.
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Figure 3.7: Ease of control ratings for speech across time spent playing video games.

Figure 3.8: ”Simple” ratings for speech based on time spent using a computer.
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Figure 3.9: ”Simple” ratings for speech based on time spent playing video games.

Figure 3.10: Natural ratings for speech based on time spent playing games.
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Figure 3.11: Engaging ratings for speech based on time spent using speech.
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Figure 3.12: Subject ratings for NameTags and grid cursor. NameTags shown in blue, grid
cursor in red.
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Figure 3.13: ”Easy to control” ratings for NameTags based on time spent playing video
games.
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Chapter 4

Joystick vs. Multimodal (Speech + Joystick) Experiment

This chapter details the results of an experiment comparing two different modes of

cursor control - the standard joystick (a.k.a. ”gamepad”) and a multimodal version (joy-

stick, NameTags and the grid cursor). This was the third of three experiments intended

to compare the performance and usability of speech-based cursor control methods with the

current prevailing modality.

Experiment 1 established the joystick’s performance superiority over the grid cursor

for object selection. Subjects also found the joystick to be simpler than the grid cursor,

while they rated the grid cursor as more engaging.

Experiment 2 showed that NameTags outperforms the joystick for object selection when

objects are sufficiently small. Subjects rated speech more fun, more engaging, and more

enjoyable than the joystick.

Experiment 3 sought to discover whether a multimodal interface could outperform

either speech or joystick alone in terms of completion time and subjective satisfaction.

4.1 Experimental Design

4.1.1 Hypotheses

This experiment intended to answer the following questions:

• How is object selection affected by moving selectable objects?

• How is object selection affected by selecting multiple objects?
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• How does multimodal performance compare with the joystick?

• When given the option to go multimodal, what will subjects prefer (both reported

and observed)?

The following hypotheses were tested:

• Multimodal control will outperform the joystick overall in an environment with mul-

tiple, moving target objects.

• Subjects will prefer NameTags over the joystick for object selection in an environment

with multiple, moving target objects.

• Subjects will prefer multimodal control to the joystick alone in an environment with

multiple, moving target objects.

4.1.2 Subjects

There were 40 subjects for this experiment, 21 females and 19 males, and their average

age was 25.9. These subjects were selected from the student body and faculty of Jacksonville

State University. The subjects needed no specialized knowledge or experience to participate

in this research. Subjects’ computer use, game play, and speech interface experience are

shown in Figure 4.1. Subjects’ game play had a larger percentage of ”None” than the

previous experiments, as did speech system use.

4.1.3 Setup

Subjects were asked to play a simple game in which their goal was to select the multiple

moving objects on-screen and guide them to a goal location as quickly as possible. The
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objects to be selected had a text label in the multimodal version, while the goal location

did not. In order to test both mechanisms, a within-subjects design was chosen such that

half of the subjects employed the joystick first, followed by the multimodal version, while

the other half did the reverse. Each subject performed at least 71 selection actions and

at least 15 movement actions with each version of the game. Subjects were given basic

instructions of how to play the game, then were allowed to practice the given mechanism

for 3-4 trial tasks before beginning the game proper.

The speech control component of the game was implemented in CloudGarden [4], a

version of the Java Speech API. The game itself was programmed in Game Maker [11], a

simple two-dimensional game engine. Communication between the speech component and

the game was facilitated by keystroke messages generated by the the Java Robot class.

Figure 4.2 depicts two screenshots of the game. The joystick-only version is shown at

the top, and the multimodal version is at the bottom.

In order to mitigate speech recognition errors, subjects completed the introductory

session of the Microsoft Speech Recognition Training Wizard before using speech control.

When using speech, subjects could utter the following commands:

• To select objects: ”Select < Name >”

• To shrink grid: ”< 1 - 9 >”

• To move objects: ”Go to < 1 - 9 >”

• To go back: ”go back” or ”back”

When using the joystick, the following controls were available:

• To move the cursor: Move the directional pad
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• To select objects: Press button ”A”

• To move objects: Press button ”B”

As in the previous experiment, the movement speed for the joystick was set at 210

pixels/second. The joystick cursor was reset to the center of the screen at the beginning of

each game level.

4.1.4 Object Parameters

As in the previous experiment, the objects to be selected were randomly placed on-

screen, and were fixed at 45 pixels square on a 1024x768, 17” screen. The goal location

was fixed at 100 pixels square. Objects moved in predictable patterns, tracing one of three

randomly chosen shapes: a circle, a square, or a line. Object movement speed was a constant

50 pixels/second. Each level contained either 6, 10, or 14 selectable objects, exactly half of

which were the target objects. The others were present in order to simulate a more realistic

game experience.

4.1.5 Questionnaire

After the game was completed, subjects were asked to fill out a questionnaire which

asked subjects for the following information:

• Age

• Gender

• How much time subject uses a computer per week

• How much time subject plays video games per week
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• How much total time subject has used speech for dictation or control (pre-experiment)

Subjects were also asked to rate their subjective impressions on each control mechanism.

4.2 Results

4.2.1 Multimodal Usage Statistics

This section covers usage statistics for each version of the game.

Overall, subjects overwhelmingly preferred NameTags over the joystick for object se-

lection, and they preferred the joystick over the grid cursor for object movement. This is

shown in Figure 4.3. The same data is shown as a function of time in Figures 4.4 and 4.5.

Usage histograms reiterate subjects’ preference for NameTags over the joystick. His-

tograms for the joystick versus the grid cursor, on the other hand, show an interesting

polarization. These show a marked ”love it or hate it” pattern of usage. This is especially

apparent in the histogram for the grid cursor. The aforementioned histograms are shown

in Figure 4.6.

4.2.2 Performance Comparison

This section details the performance of each version of the game.

Overall, multimodal control outperformed joystick for level completion time by 25.7%.

Detailed results are shown in Figure 4.7.

Figure 4.8 arranges the data points shown in Figure 4.7 in ascending order of number

of objects to select. This data shows a flatter completion time slope for multimodal con-

trol than for the joystick, which indicates that as the number of objects increases past 7,

multimodal control would likely continue to widen its performance gap with the joystick.
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Table 4.1: Subjects’ reported hours spent playing video games per week.
Hours spent playing video games # Male Subjects # Female Subjects

None 2 17
1-4 hours 8 1
5-9 hours 2 3
10+ hours 7 0

As in the previous two experiments, one-way ANOVA tests revealed that male subjects

outperformed female subjects using the joystick. This performance difference was also

true with multimodal control (F=8.06, P=0.007), with a mean completion time of 12.101

(std. dev.=4.345) versus female subject’s 18.196 (std. dev.=8.391). As in the previous

experiments, however, this is probably attributable to hours spent playing video games.

Male subjects reported spending more time playing video games per week, as shown in

Table 4.1 and Figure 4.9, and there exists an inverse relationship between level completion

time and time spent playing video games, as shown in Figures 4.10 and 4.11. It is worth

noting that the slope for multimodal completion time nearly levels off after the first drop,

suggesting that while some video game experience increases performance, returns diminish

fairly quickly.

4.2.3 Subject Preference

As in the previous experiment, 40 subjects were asked to rate their experience with the

joystick and speech based on the following 6 bipolar semantic categories:

• Boring or Fun

• Detached or Engaging

• Difficult to Control or Easy to Control
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• Frustrating or Enjoyable

• Unnatural or Natural

• Complex or Simple

Multimodal received a higher mean rating than the joystick for all 6 categories. Five of

the 6 tested categories were statistically significant with an alpha value of .05. Subjects rated

multimodal more fun (P=.000), more engaging (P=.000), easier(P=.000), more enjoyable

(P=.000), and more natural (P=.016). The results are shown in Figure 4.12.

4.2.4 Conclusion

This section provides a brief summary of the results of this experiment.

Subjects overwhelmingly preferred NameTags over the joystick for object selection,

employing it 84% of the time. Subjects preferred the joystick over the grid cursor for

object movement; however, those that did use the grid cursor tended to continue to use it

throughout the game.

Multimodal control outperformed joystick for level completion time by 25.7%. Further,

results suggest that this performance gap would only widen as the number of target objects

increases.

As in the previous two experiments, one-way ANOVA tests revealed that male subjects

outperformed female subjects using the joystick. This performance difference was also true

with multimodal control, though this is probably attributable to hours spent playing video

games. Also, because the slope for multimodal completion time nearly levels off after the

first drop, even a moderately experienced gamer may be able to use multimodal control

ably.
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Multimodal control received a higher mean rating than the joystick for all 6 categories.

Five of the 6 tested categories were statistically significant. Subjects rated multimodal more

fun, more engaging, easier, more enjoyable, and more natural.
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Figure 4.1: Subjects’ computer use and game play (hours per week), as well as speech
interface experience (total hours).
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Figure 4.2: Joystick-only version of the game (top), and the multimodal version (bottom).

Figure 4.3: Subjects’ overall usage percentages for selection and movement.
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Figure 4.4: Subjects’ usage percentages for selection based on game level.
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Figure 4.5: Subjects’ usage percentages for movement based on game level.
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Figure 4.6: Histograms of subjects’ usage. The movement usages are markedly polarized,
especially the grid cursor.
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Figure 4.7: Level completion times for the joystick and multimodal control. Joystick shown
in blue, multimodal in red.
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Figure 4.8: Level completion times as number of objects to select increases. Joystick shown
in blue, multimodal in red.
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Figure 4.9: Subjects’ reported hours spent playing video games per week.

Figure 4.10: Level completion times with joystick based on time spent playing video games.
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Figure 4.11: Level completion times with multimodal based on time spent playing video
games.
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Figure 4.12: User ratings for the joystick and speech. Joystick shown in blue, speech in red.
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Chapter 5

Conclusions and Future Work

This chapter covers overall study conclusions as well as ideas for future work.

5.1 Conclusions

In Experiment 1, the following hypotheses were tested:

• The joystick will outperform the grid cursor in completion time.

• The joystick will adhere tightly to Fitts’ Law (greater than .90 Pearson’s correlation).

• The grid cursor will adhere tightly to Fitts’ Law (greater than .80 Pearson’s correla-

tion) with modifications to the formula.

The first and second were proven, but the third was not. More detail of this, as well

as subject preference results, is shown below.

The joystick outperformed the grid cursor in mean selection time by a factor of 3.5,

making the joystick the clear winner for completion time. Therefore, the grid cursor would

be useful only when the joystick is not accessible or when time is not a factor. Joystick

performance was highly dependent on the amount of time subjects played video games per

week. Speech performance was highly dependent on the amount of time subjects spent using

the computer. Because of these two factors, it is possible that users who are new to gaming

but are familiar with computers may prefer the grid cursor from a usability standpoint. This

is reinforced by the fact that the grid cursor received a higher mean rating than the joystick

for 4 out of the 6 subjective preference categories, especially the ”engaging” category.
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The joystick adhered tightly to Fitts’ Law, with a Pearson’s correlation of 0.912. This

implies that the joystick’s performance time can be predicted with a high degreee of accu-

racy, much the same as other pointing devices like the mouse and touchpad.

The grid cursor did not adhere as tightly as the joystick, though it provided the tightest

fit when using size as the only input parameter (correlation of 0.696). This fell short of the

0.80 goal fit.

Female subjects rated the joystick more engaging than male subjects, while male sub-

jects rated the grid cursor more engaging than the female subjects did. Given the fact that

male subjects’ completion time was significantly shorter than that of their female counter-

parts, this may imply that many users are most engaged when they are being challenged,

in accordance with psychologist Mihly Cskszentmihlyi’s work on ”Flow” [5].

In Experiment 2, the following hypotheses were tested:

• NameTags will outperform the joystick in selection time.

• NameTags performance will increase as object size decreases.

• The joystick will outperform the grid cursor for movement time.

• The speech mechanism (NameTags + grid cursor) will be preferred over the joystick.

• NameTags will be preferred over the grid cursor.

The first hypothesis was disproven, while the other four were proven. More detail of

this, as well as subject preference results, is shown below.

Overall, the joystick narrowly outperformed NameTags for selection of stationary ob-

jects. However, NameTags outperformed the joystick for objects smaller than 44 pixels

square. NameTags selection time also had less variability since it is unaffected by distance
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from the target object. This indicates that NameTags is very effective in systems where the

target objects are small.

The joystick again proved more effective than the grid cursor for object movement.

Subjects gave speech a higher rating than the joystick for 4 out of 6 categories, 3 of

which were statistically significant. Subjects rated speech more fun, more engaging, and

more enjoyable than the joystick. This implies that players may be open to speech as a

primary modality if it is designed correctly.

Female subjects rated speech higher as easier to control and more enjoyable than male

subjects did. Perhaps this is an indication that female gamers would prefer more speech

control than is currently being offered, though this deserves further study. The more time

subjects spent using a computer or playing games per week, the lower they rated speech

as ”simple”. The more time subjects spent playing games, the less natural they considered

speech as well. Both of these may indicate that users who are already familiar with a

particular control modality (eg., mouse, keyboard, joystick) may be hesitant to adopt a

new, unfamiliar one.

Subjects narrowly preferred NameTags to the grid cursor. Female subjects rated

NameTags as more fun, enjoyable, and easier to control than male subjects did. As with

speech in general, time spent playing games and NameTags’ ”ease of control” rating were

in an inverse relationship.

In Experiment 3, the following hypotheses were tested:

• Multimodal control will outperform the joystick overall in an environment with mul-

tiple, moving target objects.
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• Subjects will prefer NameTags over the joystick for object selection in an environment

with multiple, moving target objects.

• Subjects will prefer multimodal control to the joystick alone in an environment with

multiple, moving target objects.

All three of these hypotheses were proven. More detail of this, as well as subject

preference results, is shown below.

Multimodal control outperformed joystick for level completion time by 25.7%. Further,

results suggest that this performance gap would only widen as the number of target objects

increases. This indicates that multimodal control is preferable when high performance is

required.

Subjects overwhelmingly preferred NameTags over the joystick for object selection,

employing it 84% of the time. Subjects preferred the joystick over the grid cursor for object

movement; however, it is interesting to note that those subjects that did use the grid cursor

tended to continue to use it throughout the game.

As in the previous two experiments, one-way ANOVA tests revealed that male subjects

outperformed female subjects using the joystick. This performance difference was also true

with multimodal control, though this is probably attributable to hours spent playing video

games. Also, because the slope for multimodal completion time nearly levels off after the

first drop, even a moderately experienced gamer may be able to use multimodal control

ably. This is a promising result for video game developers who are seeking to incorporate

speech control.
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Multimodal control received a higher mean rating than the joystick for all 6 categories.

Five of the 6 tested categories were statistically significant. Subjects rated multimodal more

fun, more engaging, easier, more enjoyable, and more natural.

Simply put, multimodal control (speech + joystick) yielded both higher performance

and higher subjective satisfaction than the joystick alone. This speaks strongly in favor of

multimodal control in environments similar to the one tested.

5.2 Future Work

Eighty-five percent of subjects polled had never used speech control before. Because of

this, it was not possible to discover how experienced speech users differed in performance

and preference from inexperienced ones. Future studies may include users who have a well-

distributed variety of experience using speech control. Also, time constraints limited the

number of game levels. Multiple, extended sessions may uncover interesting trends not

found in this study. For instance, the joystick is a familiar control mechanism for most

users, while speech control is generally novel. As users have more experience with speech,

their opinions about its ease of use and its engaging quality may change.

Because the bulk of subjects in this study were traditional college students, there is

little information about how age may affect user performance and preference. Future studies

may include well-distributed age groups to discover new information. For instance, non-

traditional gamers might prefer speech since they have little experience with the joystick.

Also, while speech control has been proven useful in the past for users with motor skill

disabilities, perhaps elderly users would also prefer speech instead of wrestling with the

eye-hand coordination required for the joystick.
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It would also be interesting to test these speech mechanisms in conjunction with other

software tools for disabled users in order to discover new, unexpected synergy.
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Chapter 6

Further Consideration of the Grid Cursor

6.1 Model Comparison

While experiment 1 found that a subject’s movement time with the joystick could be

accurately predicted using Fitts’ Law, movement time with the Grid Cursor did not map

tightly to the Fitts’ Law prediction (with a Pearson’s correlation of .696). Dai theorized

that selection time with the grid cursor should adhere closely to the following formula:

T = log3( S
W )

In this formula, S represents the size of the screen and W is the size of the target

object.

The research committee also suggested a similar model, shown below:

T = log9( S
W )

Subjects’ performance data from experiment 1 was applied to both formulations, and

the results are shown in Figures 6.1 and 6.2.

6.2 Conclusions

Both Dai’s model and the committee’s suggested model produce the same quality of

results. While they provide a marginally tighter fit than the modified formulation of Fitts’

Law, neither solution approaches a desirable level of accuracy. Part of this discrepancy may

be blamed on the subjects’ learning curve. One can visually compare the first and second
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Figure 6.1: Grid cursor Fitts’ prediction time (blue), Dai model (red), and the actual
movement time (gray). Pearson’s correlation of .732.

half of the graph to note clear correlation improvement as the game goes on. Detail of this

disparity is shown for the committee’s suggested model in Table 6.1.

This underscores the aforementioned need to perform similar studies that provide mul-

tiple, extended game sessions that may mitigate this issue.

Even with this factor considered, it is clear that more variables need to be considered

in order to define a complete and satisfactory predictive model. These variables include,

but are not limited to, the following:

• The time required for a user to determine which cell contains the desired target object

• The time required for a user to recognize the label assigned to that cell
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Figure 6.2: Grid cursor Fitts’ prediction time (blue), committee’s suggested model (red),
and the actual movement time (gray). Pearson’s correlation of .732.

• The time required for a user to say the cell’s label

• The time required for the speech engine to recognize the user’s command

While some of these variables are shared by the direction-based speech cursor control

mechanisms discussed in Chapter 1, they do not cause the undesired ”over-correction”

problems associated with them. Instead, these factors only cause a delay between a user’s

formulation and realization of their goal.

Also, it bears reiterating that the version of the grid cursor employed in these experi-

ments was bound to a worst-case constraint that required the selection cell to be entirely

71



Table 6.1: Comparison of first 25 levels and second 25 levels for Pearson’s correlation.
Subjects’ performance more closely matched predictions as the game progressed.
Game Levels Pearson’s Correlation

1-25 .646
26-50 .864

inside the target object. A relaxation of this constraint would produce better average se-

lection time. A highly accurate model should take this into account. When selecting an

object with this constraint relaxed, a user is effectively drawing a box around the target

object to isolate it from any other objects on-screen. When specifying an arbitrary point

or selecting a target object with the worst-case constraint, on the other hand, the user’s

goal is to place the center of some cell at the desired location. If the desired point falls just

outside the center of a cell, users may find themselves required to shrink the grid several

times in order to specify that precise location. As a result, a highly accurate model would

provide two separate formulations for these different tasks.
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Appendix

This section displays the grammars used in the speech control component of the game.

#JSGF V1.0;
grammar nametags;

public <namecommand> = select {SELECT} ((<moniker> [and])*);

<moniker> =
dexter | kevin | david | susan | amanda | james | samantha | robert |
nicholas | lynn | christopher | jennifer | kelly | laura | ashley | cindy |
adam | gary | brandon | kimberly | vincent | lisa | pablo | eric | scott |
patty | anna | snoopy | george | napoleon | elizabeth | alexander |
michelle | lucy | peter | maria | charlotte | tiffany | ronda | janice |
olivia | lesley | steve | michael;

#JSGF V1.0;
grammar grid;

public <gridcommand> =
grid (on {GRID_ON} | off {GRID_OFF}) |
(go | move) to {GOTO} <cellnumber> |

<cellnumber> {CELL_NUM} |
[go | grid] back {GRID_BACK};

<cellnumber> = 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9;
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