Improving Cascading Menu Selections with Adaptive Activation Areas

by

Erum Tanvir

A Thesis submitted to the Faculty of Graduate Studies of
The University of Manitoba

in partial fulfiiment of the requirements of the degree of

Master of Science

Department of Computer Science
University of Manitoba

Winnipeg, Manitoba, Canada

Copyright © 2009 Erum Tanvir



THE UNIVERSITY OF MANITOBA

FACULTY OF GRADUATE STUDIES

COPYRIGHT PERMISSION

Improving Cascading Menu Selections with Adaptive Activation Areas

By

Erum Tanvir

A Thesis/Practicum submitted to the Faculty of Graduate Studies of The University of
Manitoba in partial fulfillment of the requirement of the degree

Of

Master of Science

Erum Tanvir©2009

Permission has been granted to the University of Manitoba Libraries to lend a copy of this
thesis/practicum, to Library and Archives Canada (LAC) to lend a copy of this thesis/practicum,
and to LAC's agent (UMI/ProQuest) to microfilm, sell copies and to publish an abstract of this
thesis/practicum,

This reproduction or copy of this thesis has been made available by authority of the copyright
owner solely for the purpose of private study and research, and may only be reproduced and copied
as permitted by copyright laws or with express written authorization from the copyright owner.



ABSTRACT

Cascading menus are some of the most commonly-used widgets in
graphical user interface (GUI) systems. Depending upon the number
of menu items and the number of submenus, cascading menus may
have elongated paths with corner steering, which causes navigation
and selection errors. To resolve the corner steering problem, most
current cascading menus implement an explicit time delay between
the cursor entering or leaving a parent menu item and posting /un-
posting the associated menu. The objective of this thesis is to design,
implement, and evaluate Adaptive Activation-Area Menus (AAMUs),
a new technique to improve cascading menu performance by resolv-
ing the corner steering and time delay problems. This technique
creates a localized triangular activation area between the menu and
the child submenu that helps in quick diagonal navigation without
imposing any time delay. The AAMU technique improves item selec-
tion in comparison to existing techniques and also creates a better
user experience with cascading menus.
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There is no question that there is an
unseen world. The problem is, how far
is it from midtown and how late is it
open.

— Woody Allen
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DEFINITIONS

Cascading menu: A cascading menu Or & hierarchical menu is a sub-
menu of choices that are related to the item in the parent
menu that invokes the submenu. The presence of a submenu
is indicated by an arrow fo the right of the parent item that
invokes/posts the submentu.

Cascading Item: A cascading item or a parent item is an item that has
a child submenu associated with it. The items with no child
submenus are referred to as non-cascading item.

Cascading Density: The term describés the number of cascading items
in a menu. If the number of cascading items in a menu is higher,
the value of cascading density is higher as well and vice versa.

Cascading Levels: A cascading level or depth refers to a menus’ posi-
tion in the hierarchy. The first parent menu is at level one, the
first child submenu at level two and so on. The more levels a
cascading menu has, the deeper it is.

Post/Invoke/Appear: Used interchangeably for submenu activation.
When a parent item is activated by either clicking or hovering
the cursor over it, the submenu associated with that item will
appear to the right of the parent menu. -

Unpost/Revoke/Disappear: Used interchangeably for submenu deac-
tivation. When the cursor leaves an already activated parent
item, the submenu associated with that item disappears.

" Default Technique: Used for the Microsoft Windows traditional cas-
cading menu. For example the start menu in MS Windows.
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INTRODUCTION

.

Menus are an important element of a graphical user interface (GUI)
and appear ubiquitously in WIMP (window, icon, menu, pointing
device) interfaces. They provide users a convenient means of Interac-
tion with the System to select and perform various Operations. As
software systems become more complex, menus expand in size and
thereby affect navigation performance. To make menu navigation
more efficient and to categorize the selection process, menus are

sometimes designed as cascading menus.

Figure 1: An elongated path causing a movement error. The submenu
appears unexpectedly as the cursor crosses the border of the
upper item (Adapted from [10]).




Although cascading menus provide the advantage of presenting
a large number of selections within a small screen space, they are
limited in several ways. In traditional cascading menus, selecting
an item in the child submenu requires the user to move the cursor
along an elongated path. As a result, menu navigation becomes more
difficult with an increasing number of levels in submenus. Users have
to slide their cursor through narrow paths causing them to make
movement errors since longer and narrower paths decrease efficiency
of steering with the mouse or a pointing device [2, 16]. As shown
in Figure 1, an elongated and narrow path can cause unexpected
selections and unintended submenu appearance or disappearance
due to straying mouse movements.

Additionally, traditional cascading menus include a time delay.
When users are navigating through a menu and bring their cursor to
a cascading item, the child submenu is posted after a period of 200
ms. The time delay is intended to improve the steering problem but it
slows down the navigation process. An alternate option is to click on
the cascading item to open the child submenu to pre-empt the delay.
This clicking further slows down the interaction process and over
time it can become bothersome for the users. Also, the delay could
be too long for some users and too short for others. Additionally,
individual preferences depend on many factors, including expertise
of the user, context of the operation they are performing, and user
fatigue [6].

In my thesis, I have developed a new technique, Adaptive activation-
area menus or AAMUs, to improve selection and navigation in linear

cascading pull-down menus. This technique facilitates the task of



target acquisition by removing the need to steer through narrow
elongated paths, without forcing the user to wait. This technique
introduces an adaptive activation area that changes its size with
respect to the size of the child cascading menu and cursor position,
providing the user a broad path to steer and allowing diagonal
movements. I expect that this technique will enable users to nav-
igate through cascading menus faster and with fewer errors than
traditional solutions.

The rest of this thesis is structured as follows: Chapter 2 provides
a background that reviews related literature on menus and their
various types. Chapter 3 introduces the problem statement that
describes the specific problems to be addressed by this research,
as well as its scope and limitations. Chapter 4 contains a detailed
discussion of the proposed technique, its design and characteristics
as well as problems found in the initial design. Section 5 provides a
'detailed description of the methodology that was used to improve
the initial design and the final expériments and their results. Finally,

the document ends with summary and future work.



RELATED WORK

In this chapter, I will survey the theoretical models specific to menu
navigation and selection. I will then describe various traditional
techniques in cascading linear pull-down menus and discuss their

limitations.

2.1 THEORETICAL MODELS FOR PREDICTING PERFORMANCE IN

MENU SELECTION

Researchers have developed theoretical models to pfedict perfor-

mance in menu navigation and selection.

Fitts” law: Fitts’ law is a robust and widely adopted model for human
movement. It was first published by Paul Fitts [8] in 1954. The
law predicts the time required to move from a starting position
to a final target area and describes the time as a function of the

distance to the target and the size of the target.

The mathematical model for Fitts” law and its applications to
HCI was established by MacKenzie [12, 13] and is also known
as the Shannon formulation. The formulation quantifies the
movement task’s difficulty, known as the Index of Difficulty or
ID, in terms of the distance required to capture the target and

the size of the target.




2.1 THEORETICAL MODELS FOR PREDICTING PERFORMANCE IN MENU SELECTION

VIDzlogz <%+1>,

where D is the distance and W is the width of the object (see [12]

for details). The Movement Time or MT is described as:

MT =a+bx 1D,

where a and b are constants that are empirically determined by
linear regression (see [12] for details). Fitts” law predicts that it
is easier to capture a target with a large size and is closer to the

cursor.

- This law has been used to model the action of pointing on
computers using fingers and mice and has assisted in designing
user interfaces [3, 9, 15]. For example, Fitts” law aided the design
of pie menus and resulting studies have shown that pie menus
are more efficient and more accurate in comparison to linear

menu items [5].

However, Fitts” law has its limitations as well. It applies only
to movement in a single dimension and not td movement in
two dimensions. Mackenzie and Buxton [14] suggested some
changes to improve the model’s performance for 2D térget

acquisition tasks.

Steering Law: Accot’s law or the steering law [1] is an extension of

~Fitts” law to two dimensional modeling and steering of human



2.1. THEORETICAL MODELS FOR PREDICTING PERFORMANCE IN MENU SELECTION 6

movement. It predicts the average time necessary to navigate or
steer a pointing device (e.g., a mouse or stylus) through a 2D
path, tunnel or trajectory. In this path, the user must travel from
one end to the other as quickly as possible, while staying within
the confines of the path. This law has been used in modeling
users performance in navigating a hierarchical cascading menu
and it is also used to evaluate the performance of various input
devices [2]. This model describes that the time required to travel
a trajectory is directly proportional to the distance traveled and
inversely proportional to the width of the path. The steering
law was mathematically derived from Fitts’ law. In its general
form, the steering law expresses the time T required to steer

through a tunnel as:

where T is the average time to navigate through the path, W is
the width of the path, A is the length of the path and 4 and b

are empirically-determined constants (see [2] for details).

A limitation of the steering law is that the law has been verified
for only a few path shapes and widths. For instance, steering is
difficult through sharp corners and narrow paths [16], which

explains the navigation problems in traditional menus.



2.2 MENU TYPES

2.2 MENU TYPES

Software applications are becoming increasingly complex. More
functionality is offered with every new version and, as a result,
GUISs are also increasing in complexity. Menus are multiplying in
size, making it more difficult for the user to navigate through them.
There are various categories of menus for different device typ‘es
and researchers have developed a number of menu designs for each
category to improve menu navigation and the selection process in

user interfaces. The main categories include:

Linear Cascading Menus: Linear menus are the most common type of
menus in use. They can be used with mice or pens. Menu items
are generally arranged in a linear format, listing items from the
top to the bottom of the screen or window. The submenus are
arranged hierarchically, i.e., a parent cascaded item contains the
submenu. The linear cascading menus are further categorized

as:

Pull-Down Menus: They are usually used in menu bars, which
are located at the top of the window or screen. A user
activates the menu by clicking on its name and the menu
opens in a drop-down form, presenting the possible oper-
ations that could be performed. An example is the menu

bar in Microsoft Wbrd.

Pop-Up Menus: A pop;up menu, unlike the drop down menu,

can open anywhere on the screen based on the cursor posi-
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tion. An example is the context menu in Microsoft Windows,

which is activated by right clicking the mouse.

Pen-Based Menus: Pen-based systems allow users to interact using
a stylus instead of a traditional keyboard and mouse. Mark-
ing menus [11] are an example of pen-based menus.A mark-
ing menu allows a user to perform a menu selection by ei-
ther popping-up a radial (or pie) [5] menu, or by-making a
straight mark in the direction of the desired menu item without
popping-up the menu. Unlike linear menus, marking menus
can be operated “eyes free” because seléc’;ion is based on direc-

tion of movement, not position.

Adaptive Menus: Researchers have designed different menu organiza-
tion schemes for pull-down menus to reduce Fitts” law targeting
requirements and to improve performance. Adaptive menus,
as the name suggests, dynamically change their appearance or
content over time in respbnse to how they are being used. For
example, an item list in a menu could be restructured based
on usage frequency. Frequently used items are dynamically ar-
ranged on the top. Users have no control over the restructuring
process. An example of an adaptive menu is the menu bar in
the Microsoft Office 2003 suite. Split menus [17] are an example

of adaptive menus.

Adaptable Menus: Adaptable menus are user controlled and allow
the users to customize the interface on the basis of individual
preferences. For example, users can choose the menu items they

want to have displayed in the top partition, as well as modify



2.2 MENU TYPES

the existing arrangement. A comparison of static, adaptive, and
adaptable menus [7] showed that users could optimize their
performance if they knew about the possibility of adapting and
were able to adapt their menus with a simple interface. Addi-
tionally, the results suggested that providing users with control
over their menus can lead to better perceived performance and

higher overall satisfaction.

2.2.1  Improvements to Cascading Menus

Cascading menus are the most commonly-used technique for han-
dling hierarchical menus, however, selecting items from cascading
menus is prone to errors. Cascading menus demand a high level of
steering accuracy as they require the users to navigate through elon-
gated paths. Also, conventional cascading menus are implemented
with an explicit delay for the posting and unposting of the child
submenu. This delay makes the selection process very slow. With
the increase in complexity and size of cascading menus, there is an
increasing demand for improving their design in order to make the

navigation and selection process faster and easier. Researchers have |
designed various techniques to resolve the problems of cascading
pull-down menus. Performance improvements have been obtained
by either decreasing the distance to the menu items, or by increasing

the size of the menu item.



2.2 MENU TYPES

Technigues for decreasing distance

A simple solution to make menu selection and navigation process
faster is by reducing the Fitts” Law targeting requirement, i.e., re-
ducing the distance to the target. The steering law also predicts that
movement time increases with the length of the path to be covered.
Most of the above-mentioned techniques have only focused on the
selection of first-level items in cascading pull-down menus. However,
longer selection times are caused by steering through long distances,
i.e., level two and above. The techniques in Figure 2 have also been

tested for higher cascading levels.

Figure 2: Existing technique: Direction-based cascading menus. Horizontal
motion towards right opens a submenu near the cursor posi-
tion.(Adapted from [10])

Kobayashi and Igarashi [10] presented an improvement to increase

the usability of cascading menus by reducingbthe navigation dis-

10



2.2 MENU TYPES

tance and avoiding the unintended menu posting /unposting. This
technique has two components. The first considers the direction
of the cursor movement to determine the menu behavior. Vertical
movement of the cursor changes the highlighted item within the
current menu and the horizontal motion opens and closes the child
submenus, therefore, eliminating the unwanted submenu activation
during menu navigation. Second, when the horizontal motion occurs,
the submenu pops up near the cursor position, hence, reducing the
length of the movement path, see Figure 2. A user must move the
cursor to the right to open up a submenu or to the left to close the
submenu and return to the parent menu. i

A user study [10] was conducted to evaluate the performance
benefits of direction-based menus over traditional cascading menus.
Users were asked to perform a menu selection task. The menu-
selection process started with the click of the mouse on a certain
item in the menu bar. It ended with the selection of a highlighted
menu item. The hierarchical levels of the menus for the above task
ranged from two to five. The results of the study showed a 12%
decrease in menu selection times as well as 85% fewer unintended
submenu activations with direction-based menus.

Although the user study showed that this technique helped in
decreasing movement path length, selection time and unexpected
submenu activations, there are still limitations. First, the technique
adds additional movements to invoke/revoke submenus, which is
inconvenient and slows down the interaction process. Every time
users need to view a submenu, they have to change the direction

of motion, causing them to experience fatigue. Second, as the child

11



2.2 MENU TYPES

submenu opens closer to the cursor position, submenus overlap their
parent menus, and hide the rest of the parent menu items. If the user
wishes to select a parent menu item while a submenu is open, this
overlapping forces the user to make a left horizontal movement to

close the submenu first before interacting with the parent menu.

Menu A
— = >,
5 — < parent itemns with force fields
> > € < with force points
— — 2—3 >+ J
> 2 & &—|<«——— directional force fields

|

force free area

Figure 3: Existing technique: Cascading pull-down menus with force fields
(Adapted from [3]).

To make the selection process faster in traditional cascading pull-
down menus, Ahlstrom [3] introduced force fields. Force-field menus
partially take control of the cursor movement from the users. Two
types of force fields are used. First, when moving from left to right
within a cascading item, the cursor is pushed towards the child
menu and moves faster, optimizing the navigation process. Second,
while moving within a non-cascading item, the fbrce fields keep the
cursor in the middle of the item, preventing the cursor from falling

outside the parent menu; see Figure 3. The most important benefit

12



2.2 MENU TYPES

of force-field menus is that they keep the visual structure of the
interface and the interaction technique unchanged.

Ahlstrom [3] conducted a user study to evaluate the performance
of force enhanced menus over traditional cascading menus. Users
were asked to perform a menu navigation and selection task. The
user started the task by clicking a menu and then following the
highlighted items. Once the target item was located, selecting the
item completed the task. The menu navigation time was recorded.
The hierarchical levels of the menus for the above task ranged from
two to three. The results showed that the force fields decreased
selectioh times, on average, by 18% when a mouse; a track point, or
touch pad was used as an input device.

One disadvantage of this technique is that while moving back-
wards (from right to left), the users experience resistance due to the
force fields acting from left to right. Also, some users do not prefer

losing control of the cursor.

Techniques for increasing width

The steering law suggests a second solution for faster steering by
increasing the width of the path. A wider path is easier to navigate
and less prone to movement errors, causing fewer unintended menu
postings and unpostings.

A technique developed by Cockburn and Gin [6] is called Enlarged
activation-area menus or EMUES, see Figure 4. EMUs improve naviga-
tion through cascading menus by increasing the activation area of the
parent menu associated with each cascaded submenu, providing a

wider path for steering. Also, this technique allows a faster selection

13



2.2 MENU TYPES

Toolbars [
Status Bar e e
xplorerE Search Ctri+E
. Favorites Ctri+l
Enlarged Thumbnails History Ctri+H
Activation ® IT:::S Research
Area List Folders
Details Tip of the Day
Discuss

Arrange Icons by ¥ % }

Choose Details...
Go To >
Refresh

Figure 4: Enlarged activation-area menus (Adapted from [6]).

process by eliminating the problem of time delays. The activation
areas for each cascading item are increased by extending them up
to the end of the menu -or by including all the non-cascading items
before the next cascading item.

Cockburn and Gin [6] conducted a user study to compare the
performance of EMUs against traditional cascading menus. Users
were asked to follow a highlighted path and select the highlighted
target. The hierarchy of the menus for the above task was limited
to second level menus. The evaluation showed that EMUs allow
cascaded items to be selected up to 29% faster than traditional
menus.

The problem with this technique is that the activation area is
enlarged depending on the density of the cascading items in the
parent menu. As a result, in case of adjacent cascading items, the size
of the activation area will be equal to that of the traditional cascading

‘menu, offering no performance benefits. Also, users can be distracted

14



2.2 MENU TYPES

when a child cascading menu appears while they are targeting a
non-cascading item that lies within the enlarged activation area.

Fitts” Law also predicts that target acquisition can be improved
by increasing the size of the target. Fisheye menus [4] and bubble
cursors [g] are examples of such techniques.

Fisheye menus [4] dynamically increase the size of the target as
the cursor approaches it. They allow many items to be listed on one
screen and are a good solution for viewing on small devices like
personal digital assistants (PDAs). However, the evaluation of fisheye
menus [4] showed them to be slower than traditional cascading
menus.

Bubble cursors [g9] increase the size of the cursor’s activation area
at runtime until it encloses at least one target. Bubble cursors are
efficient for abstract targeting tasks, such as in computer games
where the large cursor area helps in qﬁick capturing of a smaller
‘and fast moving object. However, bubble cursor offers no benefits
in discrete targeting tasks where the target item is stati¢ and the
location is known. An example of such a task is menu selection using

cascading pull-down menus.

Being an HCI student, the ultimate goal of my research is to

~ improve the overall experience of computer interaction for users.
Therefore, for my thesis research, I have chosen to focus only on
cascading pull-down menus which are the most commonly-used
type of menu in WIMP (window, icon, menu, pointing device) based
interfaces such as MS Windows which is the most used operating
system worldwide. I believe any improvement in such a widely

used technique will have a significant impact in the field of human-

15



CHARACTERISTICS OF CASCADING MENUS

Cascading ltem —

L J
]

Parent Menu

Child Submenu

U

Figure 5: An example of a two-level deep cascading pull-down menu.

A cascading menu or a hierarchical menu (see Figure 5) is a
submenu of choices that are related to the item in the parent menu
that invokes the submenu. Usually, the presence of a submenu is
indicated by an arrow to the right of the parent menu item that
invokes/ poéts the submenu. To invoke a submenu, the user positions
the cursor on the target parent item and either clicks or waits for
(200 ms) until a submenu appears to the right of the parent menu.
The parent menu item that invokes a cascading submenu is also
referred to as a cascading item. In the example above, “Picture” is the

cascading item that invokes or posts a submenu related to picture

17
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computer interaction. Other types of menu are outside the scope of

my M.Sc. thesis.



3.1 PROBLEM STATEMENT

manipulation. The Start menu in Windows is an example of a very
commonly-used cascading menu. Another example is the Menu bar

in Mac OS.

3.1 PROBLEM STATEMENT

Traditional cascading pull-down menus are the most commonly-used
menus in windows based environments. While cascading menus
provide an efficient way of organizing a large number of menu items,

they are not without problems.
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Figure 6: Examples of steering paths: (a) A typical cascading menu with
corner steering. (b) A diagonal shortcut path reduces movement
time, but includes a time delay.

The first major problem with cascading menus is that they require
the user to steer through long and narrow paths. According to the
steering law, longer paths take a longer time and cause movement
and selection errors [2]. In order to select a menu item in a child

cascading menu, users have to move the cursor through at least two

18



3.2 SUGGESTED SOLUTIONS

sharp corners, see Figure 6 (a). In a study, Pastel [16] found that
steering through corners is particufarly difficult and slows down the
navigation process. Interestingly, paths with a 45 degree corner are
negotiated faster than go degree corners.

Traditional cascading menus also offer an alternate diagonal short-
cut path, but with a time delay. This time delay is too short for some
users and too long for others therefore, it not only slows down the
pace of interaction, but also cause unintended submenu posting /un-
posting.

Due to these problems, there is a need for a technique that allows
users to steer through broader-paths to quickly reach the submenus
without any time delay between the submenus. This will enable the

users to continue with their interaction process unhindered.

3.2 SUGGESTED SOLUTIONS

Several researchers have investigated these problems and presented

two major types of solutions.

Decrease Navigational Distance: As discussed earlier, long and nar-
‘row paths make menu navigation difficult and are error prone.
Therefore, several researchers have designed cascading menus
in such a way that the navigational distance between par-
ent and child menu is minimal. For instance, Kobayashi and
Igarashi [10] presented an improvement to cascading menus
that reduces the navigation distance by opening the child menu

near the cursor position. Although this technique helps in de-
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3.3 DESIGN CRITERIA

creasing movement errors, it does not provide any solution for

the time delay.

Increase Navigational Area: Corner steering can be eliminated by in-
creasing the width of the navigational path. Diagonal steering
can reduce navigational distance as well as the number of errors.
There is no need for a time delay in such cases. An example of
this design is a technique developed by Cockburn and Gin [6]
called Enlarged activation-area menus or EMUs. EMUs eliminate -
the problem of time delay by increasing the activation area of
the cascading item inside the parent menu. The problem with
this technique is that the activation area is enlarged depend-
ing on the density of the cascading items in the parent menu.
Therefore, in the worst-case scenario, the size of the activation
area will be equal to that of the traditional cascading menu,

offering no performance benefits.

3.3 DESIGN CRITERIA

Based on the above summary, I propose that an efficient cascading

menu design should fulfill the following criteria;

1. A user should be able to select an item in a child cascading
menu (or submenu) without activating any other cascading -

items in the parent menu.

2. A user should be able to trigger any of the parent menu items

~ while a child cascading menu is activated.

3. Time delays should be minimized or avoided if possible.
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4. The selection process should be efficient, i.e., faster and more

accurate than the default technique.

None of the existing techniques fulfill all of the above criteria.



DESIGN AND EVALUATION OF AAMUS

In this chapter, I describe the design and evaluation of a new linear
cascading pull-down menu technique called Adaptive Activation Area
Menus or AAMU. 1 specifically designed AAMUs to overcome some
of the problems with existing cascading menu techniques outlined

in chapter 3.

4.1 THE AAMU DESIGN

Adaptive activation area

Adaptive activation
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Figure 7: Examples of adaptive activation areas: (a) A long child cascading

menu. (b) A small child cascading menu. (c) Diagonal steering
paths. '
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4.1 THE AAMU DESIGN

4.1.1 Characteristics

AAMUEs provide users with a broad steering path by means of adap-
tive activation areas. An adaptive activation area suggests that the size
of the activation area is dynamically determined depending on the
size of the child cascading menu and position of the cursor, see Fig-
ure 7. This activation area is triangular in shape and overlaps some
area of the adjacent menu items. The activation area is semitranspar-
ent allowing the users to see the rest of the menu items. Also, the
broader activation area provides a means to remove the time delay
before a cascading submenu is posted, because the activation area
removes the ambiguity of the user’s intentions.

As an AAMU adapts to the size of the child submenu and initial

cursor position, there are two different submenu alignments possible.

Center-Aligned: 1f the size of the child menu permits, i.e., if there
is enough space available at the top of the cascading item,
then the child submenu is placed such that half of its height is
above and half is below the cascading item. Hence, the name

center-aligned, see Figure 8 (a).

Top-Aligned: If the child submenu is too long to be placed centrally,
then its top is aligned with the top of cascading item. Hence,

the name top-aligned, see Figure 8 (b).

4.1.2  The Technique

The AAMU technique works as follows:
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4.1 THE AAMU DESIGN

e During navigation, when the users rest the cursor on a cascad-
ing item, a transparent activation area is invoked along with

the child submenu.

o This activation area adapts its size and starting position ac-
cording to the size of the child menu and the initial cursor

position.

e To chose a submenu item, users can move diagonally towards
the child cascading menu. The child submenu remains posted
as long as the cursor remains inside the triangular activation

area, see Figure 7 (b).

e The activation area remains present as long as the cursor is
inside the area. If the users want to activate another item, first
they have to move the cursor outside the boundaries of the

current activation area and then point to the desired item.

e As soon as the cursor enters into another cascading item in the
parent menu, the previous activation area disappears and the
new activation area and child submenu appear without any

delay.

I have also designed a variant of AAMU by combining force fields

and AAMUs. This combination technique is called force-AAMU.

Force-AAMUs provide an additional benefit of reduced navigation
distance in addition to wide steering paths. Force fields are only
implemented within the adaptive activation area. Once the cursor
enters the activation area, it is pushed towards the right side. As there

are no force fields in the menu items, no resistance is experienced

while entering back into a parent ment, unlike in a force fields menu.
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Figure 8: Examples of different alignments for AAMUs (a) A centrally-
aligned child cascading menu. (b) A top-aligned child cascading
menu.

Both techniques are implemented in Microsoft visual studio .NET,

using C# as the programming language.

4.2 ADVANTAGES OF AAMUS

1. The broader activation area enables users to navigate without
turning sharp corners, which also reduces the overall navigation

distance.

2. This technique reduces selection errors and fulfills the first
criteria by permitting diagonal movements without deactivating

the child submenu.

3- The adaptive activation area increases and decreases its size
with respect to the size of the child cascading submenus, offer-

ing performance benefits in all types of scenarios.
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4.3 USER STUDIES TO EVALUATE AAMUS

4. The semitransparent activation area enables users to continue
interacting with the parent menu while the child submenu is

active, fulfilling the second design criteria.

5. Removing the time delay when opening a submenu improves

the overall selection time.

6. Force-AAMUS further reduce selection times by reducing the

navigation distance.

4.3 USER STUDIES TO EVALUATE AAMUS

To validate my menu design I ran a user study (this study and its
results have been published [18]). The study compared AAMU and
its variant force-AAMU, with other existing techniques, including
traditional cascading menus (default), gesture-based menus [10],
enlarged activation area menus (EMUs) [6] and force-fields [3]. For
the user study, all menu types were implemented without any time
delay. I compared AAMUs against the strongest existing cascading
menu designs to provide a fair perspective into the merits of each

technique.
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4.3 USER STUDIES TO EVALUATE AAMUS

4.3.1  Experimenti: Selection
Method

The experiment was conducted on Windows XP using a Pentium 4
machine with 1 GB of RAM. The experiment was performed using a

mouse.

Participants: Eleven university undergraduate students participated
in exchange for course credit. All of them had used the MS
Windows default menu and were familiar with operating a

mouse. None were color blind.

Highlighted Path to target
Citem o

4 i 22 v LE v

5 = R Target item
6 2:4 225 G SR
7 b 25 :2:2:6 B e ey
MenuDepth f————y MenuDepth .

Level 2

Figure 9: An example of a 3-level-deep selection task in experiment1. The
- red item is the target and the green items indicate the path.
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Menu Types: The following menu types were tested in this study:
default, AAMU, force-AAMU, EMU, force-fields and gesture-
based.

Task and Stimuli: Participants were required to perform 30 menu
selection tasks with each technique, with 10 trials at each of
three cascading menu depths (2, 3, and 4). As in a typical
selection task, the user always know the location of a target
item therefore, the path to the target menu item was highlighted
in green to provide users with a visual cue (see Figure 9). The
target menu item that users had to select was displayed in red.
Menu length was varied randomly in each level of depth in

. every trial with a constant cascading density of 50%. The target
menu item always appeared in the last menu depth level. For
each trial, a different path and target position was randomly
generéted to prevent users from learning the trial path and
positioning of the target item. At the start of the experiment, the
participants were given five minutes of training with each menu
type. Participants were instructed to complete tasks as quickly
and as accurately as possible. The order of presentation was
first controlled for menu type and then for depth such that 30
consecutive trials for each menu type with random depths were
presented at a time. For presentation sequence, a Latin square
of value 6 was used for 11 participants. With 6 mehu types,
3 depths, and 10 trials per condition, the system recorded a
total of 180 trials for each participant. Participants were allowed
breaks between trials. The experiment took approximately 25

minutes.
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Design: The logged dependent variable (task time) was analyzed
using a 6 X 3 repeated measures analysis of variance (ANOVA) -
for factors interface type (default, AAMU, EMU, force-fields,
force-AAMU, and gesture-based) and menu depth (targets at

cascade depth 2, 3, or 4).

Results

The overall results for speed are shown in Figure 10 and the raw

statistics are available in Appendix A.1.

Average Completion times
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Figure 10: A bar graph showing average completion time for different menu
types in experimenti.

There was a significant main effect of menu type on speed (F(5,50)=28.5,

p<.oo1). Additionally, as expected, there was a significant main effect
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for depth on speed (F(2,20)=172.4, p<.001). There was also a signifi-
cant menu type xdepth interaction effect (F(10,100)=8.9, p<.001). The
interaction graph is shown in Figure 11. The cause of the interaction
is apparent in the figure, with performance degrading much more
rapidly across depth with default and gesture behaviors than with

the other interfaces. The raw statistics are available in Appendix A.1.
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Figure 11: An interaction graph showing rapid decrease in speed with
increase in depth, for different menu types in experimenti.

To examine performances of individual menus, I compared each
possible pair of menu types against each other. This was done by
computing a Tukey post-hoc pairwise comparison, using a Bonfer-

roni adjustment. The comparison showed that the top 3 performing
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techniques were AAMU s, force-AAMUs and force-fields. AAMU
(mean 1.93s, sd 0.55) and force-AAMU (1.95s, 0.57) were significantly
faster than EMUs (2.28s, 0.75), default (2.53s, 0.91) and gesture-based
(3-13s, 1.36). Force-fields (2.04s, 0.62) was only significantly better
than default. However, there was no significant difference between
AAMU, force-AAMU and force-fields. Also, gesture-based was signif-
icantly slower than all other menu types. The post-hoc comparisons

are summarized in Appendix A.1.

Subjective Rankings

A post-study questionnaire was collected from participants asking
for their moét preferred technique. The questionnaire is available in
Appendix A.1. AAMU was the most preferred technique, followed
by force-AAMU, EMU, Force fields and Gesture based. Overall pref-
erence leaned towards any technique that implemented an enlarged
activation area, which is a common feature between AAMUSs and
EMUs (see Figure 12). Users gave lower preference to EMUs due to
the non-uniform activation area which was distracting and confus-
ing. Those who did not prefer force field menus commented that
they were more familiar with the standard speed of the mouse. The
increased cursor acceleration, due to force fields, made it feel as if
the control was taken away. The majority of the users disliked the
gesture-based menu on the basis that it interfered with the pace of
interaction by forcing the user to change their direction of motion

during the posting /un-posting invocations.
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Subjective Preference
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Figure 12: A bar graph showing subjective preference for different menu
types in experimenti. '

4.3.2 Experiment2: Search

The above user study was performed on the selection task only. In
most real world scenarios, users also perform search tasks along with
selection. Searching not only takes more time but is more error prone
due to the frequency of in and out of menu movements. Therefore,
I wanted to evaluate the performance benefits of AAMU in éearch
tasks as well. Furthermore, I had only evaluated AAMU with the
mouse. It was important to evaluate this technique across a range of
popular devices such as the touch pad. Therefore, I ran another user

study with three input devices and a search task.
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Method

This experiment was also conducted on Windows XP using a Pen-
tium 4 machine with 1 GB of RAM. The experiment was performed
using a mouse, touch pad and a sfylus. The experiment was designed

as between subjects and all participants used all three devices.

Participants: Twenty university undergraduate students participated
for course credit. All of them had used the MS Windows default
menu and were familiar wi’;h operating a mouse. Ten of the
participants had prior experience using a touch pad and only

three of them have used a stylus before. None were color blind.

Men'u Types: Based on poor performance and lower subjective rank-
ings in selection study, gesture-based [10] and force-fields [3]
were dropped from this study. Also, due to the lack of support
for stylus based input in force enhanced menus, force-fields
and force-AAMU were not included. Following menu types

were tested in this study: default, AAMU, and EMU.

Task and Stimuli: Participants were required to perform 20 menu
search tasks with each technique, at a fixed menu depth (level
3). Since it was a search task, no visual cue was provided for
the path and participants had to activate all cascaded items to
search for the target. The target menu item was displayed in
red. Menu length was varied randomly in each level of depth
in every trial with a constant cascading density of 50%. The
positioning of the target item was determined randomly but,

always appeared in the last menu depth-level. For each trial a
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different path and target were generated t0 prevent users from
learning the trial path and positioning of the target item. At
the start of the experiment, the participants were given five
minutes of training with each menu type. Participants were
instructed to complete tasks as quickly and as accurately as
possible. The order of presentation was first controlled for menu
type and then for depth such that 20 consecutive trials for each
menu type with random depths were presented at a time. For
presentation sequence, a Latin square of value 3 was used for
20 participants. With 3 menu types, 1 depth level, 3 devices
and 20 trials per condition, the system recorded a total of 180
irials for each participant. The experiment took approximately

25 minutes per participant.

Design: The logged dependent variable (task time) was analyzed
using a 3%X3 repeated measures analysis of variance (ANOVA)
for factors interface type (Default, AAMU and EMU) and input

devices (mouse, touch pad and stylus).

Results

The mean completion times with respect to menu types and de-
vice types are summarized in (Figure 13) and the raw statistics are
available in Appendix A.2.

| There was a significant main effect of menu type (P(2,36)=11.668,
p=.001) ON completion time. There was also a sighiﬁcant main effect

for device types (F (2,36)=63.02, p<.001) ON completion time. However
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Figure 13: A bar graph showing mean completion times with respect to
device types in experimenta,

there was no significance found between meny typexdevice types

interaction (F(4,72)=1.510, p=.208).
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Figure 14: An interaction graph showing significant performance degrada-

tion in AAMU and default techniques 1 stylus device only.

to examine menu type and device interaction offects in more detail,
1 compared each possible pair of menu types for each device type.
This was done by computing post-hoc pairwise comparisons, using
Bonferroni adjustment, in the Univariate ANOVA. The comparisons
showed that despite supporting lower completion times in all three
devices, EMUs (mean 4.87s, sd 2.30) were only significantly faster
than both AAMUs (5.258, 2.75) and default (5298, 2.4) with the stylus
(p=.002 and p=-001 respectively)- EMUSs were also significantly faster
than default technique, in touch pad (p=-038). However there was no
significant difference between the three menu types on the MOuse.

Also, there was almost no difference between AAMU and default on
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~ than default, EMUs and gesture based (p=.003, P=.004 and p<.001
respectively). Force-A AMUs were the next fastest menu type being
significantly faster than default, EMUs and gesture based (p=.oi1,

P=-028 and p=.001 respectively),



4.4 DISCUSSION OF RESULTS

the “cursor trapping” problem since the user needs to “get out” of
the activation area before entering the next menu item. Another
reason is that this technique introduces an enlarged activation area
and users have to adjust and re-familiarize themselves with the
new interface.the wider activation area of AAMUs makes menu

exploration difficult.
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IMPROVING AAMU PERFORMANCE

The existence of the aforementioned problems pressed for the need
for further investigation. My aim in this part of the research was to
conduct more studies to pin point the design problems in AAMU
and improve the technique to make it better than the conventional
menu. Following are the factors that I studied for improving the

existing design:

Utilization of Diagonal Path: 1 wanted to know if users were using
the diagonal AAMU path. This would justify the choice of
a triangular-shaped activation area. From my observations, I
learned that every user used the diagonal path in almost every

trial.

Users” Movement Patterns: 1 was interested in learning the users’ move-
ment patterns as they could either vary depending on individ-
ual user or with respect to the reiative positioning of the child
item. I was hoping that observing these patterns would assist
me identifying wether “cursor trapfning” was the real problem
or not. Also, it could point to some other problems which were
yet unknown. I learned that users had almost identical pat-
terns based on child relative position unless they were trapped.
I also found that cursor trapping was the real cause of slow

navigation times.
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5.1 RESEARCH QUESTIONS

5.1 RESEARCH QUESTIONS

* Identify the source of the trapping problem. What exactly is
causing the trapping problem? Is it related to user movements
and does it differ on a user-by-user basis or is there a common

pattern among all users that is causing it?

e If I design AAMUSs to eliminate the trapping problem, will it

improve performance in other tasks, such as item searching?

e If cursor trapping is not the problem then, will I be able to iden-
tify any other problems, in the AAMU technique, by observing

users” movement pattern?

5.2 METHODOLOGY

The following is the methodology I used for addressing these ques-

tions.

Observations

The first step towards gaining insight into the trapping problem
was to observe how people interact with AAMUs. I designed a setup
in which users performed menu navigation and selection tasks using
AAMUs. The interaction and navigation patterns of the users and
other important values, like number of clicks and performance times,
Were’ logged. These observations provided me with an account of
the problems faced by users while interacting with AAMUs. The
knowledge gathered by these observations also helped me identify

the steering patterns of users while activating and entering sub-
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5.2 METHODOLOGY

menus. The results of the observation study helped me improve
the AAMU technique. The observation study and its findings are

described in section 5.3.1.

Design and Implementation of the Techniques
After the observations, the next step was to design the improved
techniques based on the analysis of the results. I considered the

following factors while designing the new techniques.

Shape: Various shapes of the activation area with respect to the

common steering pattern of users.

Time Delay: Different values of time delay in posting/unposting the

child submenu.

Drawing Position of the Activation Area: Activation area can be drawn

a few pixels ahead or behind the cursor.

Visual Cues: Provision of some form of visual cues to help users get

out of the trap.

Using the above mentioned factors, multiple designs of the new
AAMUs were created. Those designs are discussed in detail in sec-

tion 5.3.2.

Evaluation of the Improved Techniques

Once the new designs were implemented, the next step was to test
them for problems. Also, the new designs needed to be evaluated
against each other as well as against the default technique to find
the best performers among them. The experiment and its findings

are described in detail in section 5.3.3.
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5.3 DESIGN AND IMPLEMENTATION OF THE IMPROVED TECHNIQUE

Based on the results from experiment 2, the weaker designs were
eliminated and the stronger designs were further improved . The
new improved designs were then put to the final test against the
default technique. This experiments and its findings are described in

section 5.3.4.

5.3 DESIGN AND IMPLEMENTATION OF THE IMPROVED TECH-

NIQUE

In this section I will describe in detail every step of the Methodology

discussed above.

5.3.1  Experiments: Data Collection and Testing for trapping

This experiment aimed at finding out if trapping was the cause of
long navigation times, as well as to identify common user navigation
patterns. In this experiment, the menu navigation and selection tasks
were designed such that half of the tasks had no chances of trapping
(clear case) and half of them essentially had trapping (trapped case).
The hypothesis was that if AAMUs performed better in the clear case
as compared to the trapped case, it would support the assumption

that cursor trapping was a major problem with AAMUs.

Data Recorded:

* Position of the mouse: All x and y coordinates from the mo-

ment the cursor enters the menu #ll the end of the task.
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o Position of the parent item: The position of all parent and

target items in the task.
o Trapping: If trapping occurred.

o Completion time: Time in milliseconds from the moment the

user activates the menu until the target is clicked.

Method: The experiment was conducted on Windows XP using
a Pentium 4 machine with 1 GB of RAM. The experiment was

performed using a mouse.

Participants: Nine university undergraduate students participated
for exchange of course credit. All of them had used the MS Windows
default menu and were familiar with operating a mouse. None were

color blind.

Task:

o The experiment was conducted using both search and selection

tasks.

e In the search task, users were required to browse all the parent |

items (in other words, all possible paths) until the target item
was located and a single click on the target item completed the
task. No visual cues are provided for the path. The target item

in both tasks was highlighted in red.

o In the selection task, the path to be followed was highlighted in
green and the user would follow the path until the target item
is located and a single click on the target item completes the

task.
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o Each task was two levels deep. The second level had fifteen
items. The length of the first Jevel varied between four and

eight items randomly.

o In the trapped case, there were two adjacent parent items lo-
cated to ensure trapping. However, in the clear case, only one
~ parent item within a menu was placed so that no trapping can

occur.

e The menus were drawn in the center of the screen to enable

center alignment in all scenarios.

In order to observe all possible navigation paths, from parent
menu to the child menu, five relative target positions were tested.
Eacﬁ position was two items far apart from the previous and next
position, hence, the suitable menu length was fifteen items long. The

five relative positions were 2, 5, 8, 11 and 14 (see Figure 15)

e
: —_—

N 2 g { 2ttems |5 possible

Parent jtem . (ta f:g’ets |

I 2 ?gems

-Level 1

Figure 15: A two-level deep menu showing five possible target positions.
Each target position is two items apart.
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. Besides providing a means for learning user patterns, this study
also aimed at finding if AAMUs were significantly better than the
default technique when there was no trapping. Therefore, in both
type of tasks and cases, AAMUs’ performance was compared against
the default technique. If the performance of AAMUs in the clear case
was significantly better than the defaults’ performance in the clear
case, it would serve as an evidence that the improved AAMUSs will

also be significantly better than the default technique.

Design of the experiment: For depth level two, there were five

possible targets, hence, the total number of possible paths was five.

There were three trials per task and ten trials for practise. In case of
trapped tasks each path was repeated twice to account for two parent
items. The experiment design was 2 x 5 x 2 x 2 within-participant
design. (2 menu types, 5 paths, 2 testing conditions for trapping,
2 task types). The experiment was counterbalanced using a Latin

square to eliminate the bias for meny types.

Evaluation of the Data: The tasks with the active trapping flag
were evaluated for the trapped case and tasks without the active
trapping flag for the clear case. Although this did not provide an
equal number of tasks for both the clear and trapped scenarios, my
aim was to collect as much data as possible.

The results were analyzed by averaging the time taken by all the
participants to complete each task and by averaging the number
of tasks. A paired sample t-test was used to compare the comple-
tion time of AAMUs with the default technique and the statistical

significance was measured(at p<o0.05 level).
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Findings of Experiment3

The trials were categorized as trapped and clear based on the trap-
ping flag. Fach category was then analyzed using a paired sample
| t-test.

As expected, the analysis of all clear trials showed AAMUs (mean
1.28s, sd 0.193) performed significantly better than default (1.53,
0.27), 1.e., (t(9)=—4.890,p=.oo1). Whereas, in the case of trapped trials
AAMUSs(1.64, 0.3) were slightly faster but not significantly better than
default (1.71, 0.27), 1.8, (t(9)=—0.642,p:0.539). Hence it confirmed the

hypothesis that the trapping problem is the real cause for AAMUS’
poor performance. The raw statistics are available in Appendix A.3.

1 also recorded the user navigation paths for each individual user
per trial to observe if there were any cOmmon patterns to be found
based on the target Jocation and trapped cases. If T could identify
some distinct navigation pattern among all users in case of trapping,
it would help me in creating more efficient designs for AAMUs.

Based on my observa’aon I divided all trials into three categories:

No Trapping: In case of clear trials there was no trapping. When I
» observed the steering patterns, it was evident from the graphs that
users faced no problem reaching their target item. Almost all users
showed identical navigation patterns in case of clear trials by making
use of the broader activation area and performing diagonal steering,
see Figure 16. This also confirmed my hypothesis that the broader
navigation area of AAMUs would help users in 1mprovmg the menu

navigation.
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Figure 16: A collection of three clear trials with three different target po-
sitions at top(2), center(8) and bottom(14). In all the cases, we
see the path moving within the AAMU. Also, users utilized the
diagonal path with Tespect to target position.

Trapping: In case of trials designed for trapping, users were shown
menus containing adjacent parent itemg making it highly likely to
cause trapping. If trapping actually happened then that particular

trial was flagged as a “trapped trial”. As expected, majority of these

- cursor movements,

In figure 17, the graph depicts a user’s Cursor movement pattern
in a trapped trial. There were two adjacent parent items, item 2
and item 3. Item 2 wag the false parent and item 3 led to the target
item that was located at the second Pposition in the chilq submenu.
The user started moving downwards in the parent menu and when
entered inside item 5 at “pt 1”7 (see Figure 17), the first AAMU

triangle was activated but it was not the desired item s0 the user
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Figure 17: A graph showing navigation patterns in a trapped trial. The user
got trapped at “pt 1”7 and kept moving downwards until the
desired item was activated at “pt 2”.

kept moving downwards and activated the second AAMU at “pt 2”

which lead to the target item. This is an example of a trapped trial

with minimum negative impact. Since the users’ motion was vertical

rather than diagonal, it was easier to get out of the trap quickly.

In figure 18, another navigation pattern in a trapped trial is dis-
played. In this trial the two adjacent parent items were item o and
item 1 whereas item o was the false parent and item 1 led to the
target item that was located at position 5 in the child submenu. This
graph shows how much interruption could be caused by cursor
trapping. As seen in Figure 18, the user started moving downwards

in the parent menu and as soon as the cursor entered the boundaries
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Figure 18: A graph showing backtracking of cursor in a trapped trial. The
user got trapped at “pt 1” and had to move all the way back to
get out of the wrong AAMU and activate the correct AAMU at
“pt2”. :

of item o, at “pt 1”, the respective AAMU was activated. Since the

users’ motion was diagonal, the cursor moved much inside the tri-

angle before the user realized that it was the wrong item and now
the only option left was to move the cursor outside the triangle to
deactivate it. So the user back tracked all the way out of the AAMU

triangle and as soon as the cursor entered the boundaries of item 1,

at “pt 2”, the other AAMU activated and it lead to the target item.

By observing this graph, I realized that if the user had a choice of

somehow disabling the wrong AAMU and enabling the desired one

instead, some valuable navigation time could be saved.
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Trap Avoidance: In my hypothesis, I did not expect to see any
other pattern besides being trapped but the graphs showed a third
distinct pattern. After getting trapped a few times, almost all users
would try to avoid trapping by making extreme vertical (downward
or upward) movements. These movements were noticed in two cases:

(a) to get out of the trap and (b) to avoid getting trapped.
 Trial 19
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()
Figure 19: A graph showing trap avoidance in a trial. A quick vertical

movement between item o0 and item 7 shows a user is trying to
avoid getting trapped by skipping the adjacent parent items.

In figure 19, the graph shows a navigation pattern of trap avoid-

ance even before any trapping occurred. In the trial, the two adja-
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cent parent items were item o and item 1. Since item o led to the
target item, technically the user was never trapped while fnoving
downwards into the item but having experienced getting trapped in
previous trials the user quickly leaped downwards vertically, almost
skipping seven items before stopping and moving up again. On the
way up, the user activated item 1 at “pt 1”, and kept moving the
cursor upwards until “item 0” was activated. The user then entered
the newly activated AAMU and clicked on the target item. This
way the user, when not ready, avoided getting trapped within the
first two items and later approached the items in a different way to
minimize trapping cost.

Based on the patterns of trials where users were trapped and/or
tried to avoid trapping, it was clear to me that users were well aware
of the trapping problem and its consequences on the interaction.
With time, almost all users were able to identify menus designed to
cause trapping and all users tried either: to apply some strategy to

avoid trapping, or a shortcut to get out of the trap.

5.3.2  Developing Alternate Designs

The analysis of the results of experiment three suggested that cursor
trapping is slowing down the menu navigation and selection process,
with AAMUSs. The user behavior clearly showed that providing an
alternate path or a shortcut out of the trapping would be the best

solution.
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I used the following factors: shape, visual cue and AAMU drawing
position (also described in the methodology section) to design the

following three alternate designs:

AAMU-Click

AAMU-Click appeared identical to traditional AAMUs and it pro-
vided a shortcut path (click) to users for get’dhg out of the trap.
Previously if users found themselves trapped inside an AAMU trian-
gle they had no choice but to backtrack or move the cursor outside
the triangle and then reposition the cursor. That process not only
used up some navigation time but also hindered in the interaction
process of users. AAMU-Click allow the users to continue interact-
ing with other items in the menu while staying inside the AAMU
triangle. A single click on any item makes the old AAMU triangle
disappear and activate the current item function, see Figure 20 . In
the figure (a), a menu with two adjacent parent items, item o and
item 1 is shown. Currently, item 1 is active but the desired item is
item o. Therefore the user, while staying inside the activation area,
points the cursor to item o0 and click on it. The click action makes the
activation area, associated with item 1, disappear and activates item
0 as shown in figure (b). Also, MS Windows uses mouse clicking for
overriding time delay in menus, hence users can ifery well relate to

this function.

AAMU-Hover

~ Another way of resolving cursor trapping would be to provide users

with an alternate path using a visual cue. I designed another variant
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Figure 20: Example of AAMU Click (a) Before the click action: Cursor is
trapped inside activation area of item 1 whereas the desired
submenu is associated with item o.
(b) after click action: While staying inside the old activation area,
the user clicked on item o0 and activated it.

called AAMU-Hover. When users were trapped inside an AAMU .

triangle they could find a shortcut out of the trap by pointing the
cursor to another parent item. As soon as the cursor crosses over the
new parent item, a small arrow appeared inside the AAMU triangle.
This arrow was used as a visual cue for the users to let them know
that they can activate a different parent item by hovering their cursor
onto the arrow, see Figure 21. In the figure the user is trapped inside
the triangle of “item o’ where as the desired item is ‘item 1’. While
staying inside the AAMU triangle, as soon as the cursor enters the
boundaries of “item 1’ the arrow appeared. If the cursor hovered onto
the arrow, the old triangle would disappear and the AAMU triahgle
for “item 1" will be activated. This design also provides a shortcut to
the trapping problem without interrupting the interaction process.

An example of AAMU-Hover is shown in Figure 21.
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Figure 21: A two-level deep menu showing AAMU hover.

AAM U—C_urve

Finally, considering the shape factor, I designed a curved version of
traditional AAMUs. Instead of an equilateral triangle, the legs joining
the cursor position and the top. and the bottom of the child submenu
were drawn as curves. The triangle was drawn a few pixels ahead
of the cursor, so that user can explore the child submenu without
entering the triangle or getting trapped. Even incase of trapping,
the narrow tip of the curved shape makes it easier for the user to
get out of the triangle serving as a quick shortcut. An example of

AAMU-Curve is shown in Figure 22.
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Figure 22: A two-level deep menu showing AAMU-Curve.

5-3.3 Experimenty: Testing the Alternate Designs

In this experiment the alternate designs discussed in section 5.3.2
were tested against traditional AAMUs to measure performance
benefits among all designs. From now on, I will refer to the alter-
nate designs as “AAMU variants”. In this experiment, the menu
navigation and selection tasks were designed such that all of them
essentially had trapping (trapped case). The aim of this experiment
was to pick the best performing AAMU variants for the final test

against the default technique.

Data Recorded:
¢ Completion time

e Task type
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e Menu type

Method: The experiment was conducted on Windows XP using
a Pentium 4 machine with 1 GB of RAM. The experiment was

performed using @ MOUSE.

Participants: Twenty-five university undergraduate students par-
ticipated for exchange of course credit. 13 participants performed
the search task and 12 performed the selection task. All of them had
prior experience using MS Windows default menu and were familiar

with operating a mouse. None were color blind.

Task:
The experiment was conducted using both search and selection

tasks as described in section 5.3.1.

Design of the expeﬁment: For depth level two, there was only
one possible target, whereas in level one there were two possible
parent iterhs hence, the total number of possible paths wés 2. The
experiment design was 4 X 2, (4 menu types, 2 task types), mixed
design. All participants used all four menu types but each person
only did one task type. The experiment was counterbalanced using

a Latin square to eliminate the bias for menu types.

Findings of Experiment4

A total of 2160 trials were used for result analysis; Total number of
trialsi with search task wére 1200 and 960 for selection task. All data
is analyzed in SPS5 16 and outliers (=3 < range > 3) have beén
removed. An ANOVA for-each task type was conducted to compute

significance between all menu-types.
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Bar Graph showing mean completion times in select task
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Figure 23: A bar graph showing mean completion times in select task, in

experiment 4.

The results for each task type are analyzed separately as follows:

Selectim\l Task:

In the selection task, users have the advantage of knowing the
parent item that leads to the target item. Therefore, chance of getting
trapped are lower in this task type,

An ANOVA for the select task, with dependent variable as “com-
pletion time”, and “menu type” as independent variable, showed
marginal significant main effect between meny types (F(3,33):2.524,
p=.075). However, there was a significant interaction between Menu
types x Subject (F(33,889)=2.51 3, p<.001)(see appendix A.4 for details).

Individual menu performances were COmpared using pairwise
comparisons, using a Bonferroni adjustment. The comparisons showed

AAMU-Hover (mean 1.193s; sd 0.298) performing significantly worse
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than all other menus, i.e., AAMUs(p=.000), AAMU-Click(p=.007) and
AAMU-Curve(p=.019). There was no significance among AAMU
(1.108s, 0.242), AAMU-Click (1.123s, 0.248) and AAMU-Curve (1.133s,

0.262) (see Figure 23).

Search Task:

In the search task, users have to explore all the parent items to find
the one that leads to the target item. Therefore, chance of getﬁng
trapped are higher in this task type and searching takes longer than
selection. _

An ANOVA for search task, with dependent variable as “com-
pletion time”, and “menu type” as independent variable, showed a
significant main effect between menu types (F(3,36)=3.743, p=.019).
There was also a significant interaction between Menu types xSubject'
interaction (F(36,1145)=3.161, p<.001). See appendix A.4 for details.

The pairwise comparisons, using Bonferroni adjustments, showed
that AAMU-Hover (1.852s, 0.981) performe-d significantly worse than

AAMU-Curve (mean 1.5808s, sd 0.672) at (p<.001) and AAMUSs (1.637s,

0.695) at (p<.001) and marginally worse than AAMU-Click (1.72s,

0.845) at (p=.075). Also, AAMU-Curve performed significantly better.

than AAMU-Click at (p=.014). However, there was no significance
among AAMU and AAMU-Curve as well as AAMU and AAMU-

Click, (see Figure 24).

Conclusion:

From the above results, I concluded that AAMU-Hover was not a
good design as it performed worse than traditional AAMUs. A major
problem with the hover technique was that the arrow would appear

on all diagonal movements, even when users were not actually
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GGraph: Bar graph showing Mean completion times for
all menus in search task
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Figure 24: A bar graph showing mean completion times in the search task,
in experiment 4.
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trapped. This way, the arrow interfered with users’ diagonal motion
and it caused more unintended submenu invocations / revocations
when the users accidentally hovered on the arrow while navigating.
These unexpected AAMU activations contributed to higher comple-
tion times. Therefore, I decided to not include AAMU-Hover in the
final test.

Among AAMU—Cﬁrve and AAMU-Click, both showed certain
benefits in both selection and searching. I found that the curve shape
helped in search task whereas the click helped in selection and I
decided to combine the curve shape and the click function to get
the most benefit of the two designs. The new design will be called
AAMU-Curve-Click.

5.3.4 Experiments: Putting the Best Designs to the Final Test

A controlled experiment was conducted to evaluate the benefits of
AAMUSs and its 2 variants, AAMU-Curve and AAMU-Curve-Click,

against the default technique in cascading pull-down menus.

Method:

The experiment was conducted on Pentium 4 desktop computers
running Windows XP operating system. A full screen-color mode
with a 1024 X 768 resolution was used. Two input devices were used:
a conventional optical mouse and a touch pad. All default system

settings for the three devices were used.

Participants: 52 undergraduate students participated in the exper-

iment for exchange of course credit. 20 of them performed on the
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touch pad and 32 performed using the mouse. All participants were
experienced computer users, using mouse on a daily basis. None

were color blind.

Task:

* The experiment was conducted using both search and selection

tasks.

* In the search task, users were required to browse all the parent
items (in other words, all possible paths) until the target item
was located and a single click on the target item completed the
task. No visual cues are provided for the path. The target item
in both tasks was highlighted in red. This was similar to that of

experiment 2.

° In the selection task, the path to be followed was highlighted in
green and the user would follow the path until the target item

is located. This was similar to that of experiment 1.

* Each trial started when the user clicked on the “File” button in
the center of the screen. The menu was displayed upon click,
users navigate inside the menu until the target item was located
and a single click on the target item completed the task. The
trial would not end unless the target item was clicked. All other

clicks were recorded as error.

e Each task was timed. Timer started when the user clicked on

“File” button and ended with the click on target.

* Each'menu in every task was two levels deep. In the first level

~there-were-10 items and fifteen items in the second level.



5.3 DESIGN AND IMPLEMENTATION OF THE IMPROVED TECHNIQUE 62

e In the trapped case, there were two adjacent parent items lo-
cated to ensure trapping. However, in the clear case, only one
parent item within a menu was placed so that no trapping can

occur.

¢ The menus were drawn in the center of the screen to enable

center alignment in all scenarios.

An example of a trial in this experiment is shown in Figure 25.
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Figure 25: An example of a task in the final experiment.
A click on the “File” button activated the menu and a click on
the target highlighted in red ended the trial.

In order to test all designs on fair grounds, all trials have the target
item at the eighth position. The parent positions varied between

positions three, five and seven.

Design of the experiment:
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Number of Menus o .
Application Names Clear/Trapped File  Edit View Insert FormalTools Total | % Ratio
Ciear 2 1 1 3 2 1 10 90.909
Microsoft Word Trapped 0 0 0 0 0 H I 9.091
Total 2 1 1 3 2 2 11191-9

Clear 3 0 1 2o 2 8 66.667

Microsoft Excel Trabped 0 1 4] 0 1 2 q 33.333
Total 3 1 1 2 1 4 12167-32

Clear 2 0 1 2 1 o 6 75.000

Microsoft Power Point  {Trapped 0 0 1 0 0 1 2 25.000
Total 2 0 2 2 1 1 8]75-25

Clear 1 0 2: 0 0 1 4 66.667

Microsoft Outlook Trapped 1 o] 0 0 0 1 2 33.333
Total 2 0 2 0 4] 2 6]67-32

] Clear 2 0 1 0 0 1 P 57.143

Microsoft Internet Explorer| Trapped 0 0 2 0 0 1 3 42.857
Total 2 [y 3 0 0 2 7{57-42

Clear 0 0 2 0 0 1 3 75.000

Mozilla FireFox Trapped 0 0 1 0 o 0 1 25.000
Total 0 0 3 0 0 1 4175-25

Total Clear 35} 72.9166667

Trapped 13| 27.0833333
[Total 4g|73-27

Figure 26: A comparison of clear versus trapped paths in various commonly
used applications.

The objective of this study was to compare all techniques in a real
world scenario therefore, I conducted a survey of most commonly
used applications and calculated an average ratio of clear versus
trapped paths (see Figure 26). |

The applications surveyed included MS Word, MS Excel, MS Power

Point, MS Internet Explorer and Mozilla Firefox. Six commonly used

menus were analyzed namely file, edit, view, insert, format and tools.

Out of total 48 paths, 35 were clear and only 13 were trapped. The
average ratio for clear:trapped was found to be 73 : 27. When looking
individually, out of six applications, only one has clear:trapped ratio
below 60 : 40. Three applications have the ratio for clear:trapped
either equal or higher than 75 : 25 and for the rest of the three
applications the average ratio was 60 : 40. Hence for this experiment,

I tested both ratios among all techniques.
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Each task, select and search, was divided into two blocks: “block 1”
with ratios(75:25) and “block 2” with ratios(60:40) whereas, 60 and
75 describes the percentage of clear trials and 40 and 25 describes
percentage of trapped trials in the block. Each participant performed
two test sessions, one per each task and using one device. The order
of testing tasks and blocks was counterbalanced between all 53
participants. Participants were allowed to take rests between trials
and test sessions. Before the test began, all participants were allowed
to have as many practice trials as they needéd to get used to the
device and to gain sufficient practice skill.

A test session consisted of 264 trials which were divided into two
blocks where as block 1 included 104 actual trials and 10 practise
trials and block 2 included 140 actual and 10 practise trials. Within
each block, all trials were performed four times, one for each menu
type. The order of menus was randomized using a Latin-square. Each
session lasted about 30 minutes. After each block was completed,
é recess screen was shown, and the participant could take rest if
desired.

The total ﬁumber of trials in the experiment can be computed as
follows:

53 participants X 2 tasks x 2 blocks X 4 menus types

where as total trials in both blocks were 264 so the result can be
computed as:

53 X 2 X 264 X 4 = 111936

and out of these 8480 were practice trials and excluded from result

analysis.
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The total selection time for each trial was measured in millisec-

onds.

Hypothesis: Completion times for 60:40 ratio should be higher
- than 75:25 in all menu types and that either one or both AAMU
variants should outperform AAMUs and default technique in com-

pletion time for both ratios.

Findings of Experiments:

All data is analyzed in SPSS 16 and outliers (~3 < range > 3) have
been removed. AAMUs and its variants showed lowest completion
times in all devices and tasks. Over all mouse (mean 1.41s, sd 0.519)

among devices and selection (mean 1.601s, sd 0.672) among tasks

had lowest completion times in all menu types. The mean completion -

times with respect to Menu types, device types and task types are
available in appendix A.5. , _

An overall ANOVA (for each device separately) ,with dependent
variable as “completion time” showed a significant main effect be-
tween menu types, i.e.,for mouse:(F(3,93)=116.83, p<.001) and for
touch pad: (F(3,57)=63.839, p<.001). There was also a significant main
effect for task types, i.e, for mouse (F(1,31)=242.581, p<.001) and
for touch pad: (F(1,19)=282.618, p<.001). However there was no sig-
nificance found between Menu x Task types interaction for mouse
(F(3,93)=0.77), p=.513) but significance for touch pad: (F(3,57)=2.726,
p=.052).
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5.3.5 Evaluation of the Data:

I then analyzed the rest of the data for each device separately. All
participants performed two tasks with each device, namely item
selection and item searching. Each task was performed with two
cascading ratio settings.

I will first describe the results with respect to device and then task

type and ratio respectively.

Mouse:

In the mouse device, overall means are shown in Figure 27).

A pairwise comparison, using Bonferroni adjustments, showed all
AAMU variants perform significantly faster than default technique
at (p<.001). Also, AAMU-Curve-Click was significantly better than
AAMU-Curve and AAMU at (p=.015 and p=.038) respectively. Post-

hoc comparisons are showed in Figure 28.

Selection:

An ANOVA for mouse device and selection task, with dependent
variable as “completion time”, and “menu type” and “Ratio” as
independent variable, showed a significant main effect between
menu types (P(3,93)=82.592, p<.001‘.) and between the two ratios
(F(1,31)=31.236, p<.001). However there was no significance found
between Menu typesxRatio interaction (F(3,93)=1.275, p=.288)(see
>appendix A5 for details).

The results for each ratio are described as follows. .
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Bar Graph showing mean completion times
for all menu types in mouse device
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Figure 27: A bar graph representing mean compie’rion times for all menus

using mouse device.

Ratio (60:40): This is the ratio setting where possibility of getting
trapped is very high. 40 percent of total tasks had adjacent par-
ent items causing trapping. Overall mean completion time for
this ratio was (mean 1.297s, sd 0.450). There was a significant
main effect found for menu types (F(3,93)=59.328, p<.001). In
case of individual menu performance, a pairwise comparison
using Bonferroni adjustments showed default (1.525s, 0.50) per-
forming significantly worse than AAMU-Curve-Click (mean
1.216s, sd 0.389), AAMU-Curve (1.236s, 0.416) and AAMUs
(1.2455, 0.419). In this case AAMU was slightly worse than
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Pairwise Comparisons
95% Confidence Inferval for
Difference?®
Mean
o [6)) Difference (- .
Menu name Menu nhame J) Std. Error Sig.? Lower Bound Upper Bound
AAMUS AAMUS_Click 33.760° 12.366 .038 1.129 66.392
AAMUS_Curwy -3.606 12.358 1.000 -36.214 29.003
Default -263.299" 12.385 .000 -295.980 -230.618
AAMUS_Click  AAMUS -33.760° 12.366 .038 -66.382 -1.129
2 AAMUS_Curvy -37.366 12.354 .015 -69.965 -4.767
Default -297.059" 12.381 .00g -328.730 -264.388
ARMUS_Curyy  AAMUS 3.608 12.358 1.000 -29.003 36.214
AAMUS_Click 37.366 12.354 015 4.767 69.965
Default -259.693 12372 .000 -292.341 -227.048
Defauit AAMUS 263.299" 12.385 .00o 230.618 295.980
AAMUS_Click 297.059" 12.381 .000 264.389 328.730
AAMUS_Curvy 259.693" 12.372 .000 227.046 292.341
Based on estimated marginal means
*.The mean difference is significant atthe .05 level.
a. Adjustment for multiple comparisons: Bonferroni.

Figure 28: A pairwise comparison showing significance between different
menu types for mouse device.
its variants however, there was no significance found among

AAMUs and its variants.

Ratio (75:25): In this ratio setting only 25 percent of total tasks had-
adjacent parent items and hence low possibility of trapping. The
results supported the hypothesis that overall mean completion
time for this ratio (meah 1.235s, sd 0.421) would be less than
the rhean completion time of 60:40 ratio. There was a signifi-
cant main effect found for menu types (F(3,93)=37.41, p<.001)
on completion time. In case of individual menu performance,
a pairwise comparison using Bonferroni adjustments showed
default (1.439s, 0.489) performing significantly worse than AA-
MUs (mean 1.156s, sd 0.319), AAMU-Curve-Click (1.166s, 0.383)
and AAMU-Curve (1.208s, 0.489). However, there was no sig-

nificance found among AAMU and its variants. In this case
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AAMU was slightly better than its variants in case of little or

no trapping.

Between the two ratios, only AAMUs and AAMU-Curve-Click
showed significant improvement in mean completion times. The
graph for mean completion times in both ratios and all menu types

are shown in Figure 29.
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Figure 29: A graph showing estimated mean completion times for all menu
types in both ratios, in case of mouse device and selection task.

Searching;:
An ANOVA for mouse device and search task, with dependent

variable as “completion time”, and “menu type” and “Ratio” as
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independent variable, showed a significant main effect between
menu types (F(3,93)=58.482, p<.001) and between the two ratios
(F(1,31)=9.674, p=.004). However there was no significant interac-
tion effect between Menu typesxRatio (F(3,93)=0.534, p=.660). See
appendix A.5 for details.

Ratio (60:40): Mean completion time for this ratio was (mean 1.657s,
sd 0.539). There was a significant main effect found for menu
types (F(3,93)=31.63, p<.001). In case of individual menu per-
formance, a pairwise comparison using Bonferroni adjustments
showed default (1.867s, 0.527) performing significantly worse
than AAMU-Curve-Click (mean 1.570s, sd 0.522), AAMUs
(1.619s, 0.547), and AAMU-Curve(1.636s, 0.522). AAMU-Curve-
Click was also significantly better than AAMU-Curve at (p=.054).
The result shows that when it comes to searching with trapped
éases, AAMUs-Curve-Click have a slightly better performance
than traditional AAMU and its curved variant. One reason
might be that in searching, there are more chances of trapping
and the click version provided the benefit of shortcut for getting

out of the trap and hence showed the better completion times.

Ratio (75:25): Mean completion time for this ratio was (mean 1.580s,
sd 0.514). There was a significant main effect found for menu
types (F(3,93)=31.528, p<.001). In case of individual menu per-
formance, a pairwise comparison using Bonferroni adjustments
showed default (1.789s, 0.565) performing significantly worse

than AAMU-Curve-Click (mean 1.486s, sd 0.453), AAMU-Curve

(1.5068, 0.446) and-AAMUSs (1.548s, 0.543). There was no signifi-

cance found between AAMU and its variants.
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Between the two ratios, all menu types showed significant im-

provement in mean completion times. The mean completion times -

for both ratios and all menu types are shown in Figure 30.
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Figure 30: A graph showing estimated mean completion times for all menu
types in both ratios, in case of mouse device and search task.

Touch Pad:

In the touch pad device, overall means are shown in Figure 31).

A pairwise comparison, with Bonferroni adjustments, showed
showed all AAMU variants perform significantly faster than default
technique at (p<.oo1). Although AAMU-Curve-Click showed lowest
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Bar Graph showing mean completion times
for all menu types in touch pad device
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Error Bars: +/- 1 SE
Figure 31: A bar graph representing mean completion times for touch pad
device. '
completion times among all - menu types but there no significance

among AAMU and its variants (see Figure 32).

Selection:

An ANOVA for touch pad device and selection task, with de-
pendent variable “completion time”, and “menu type” énd “Ratio”
as independent variable, showed a significant main effect between
menu types (F(3,57)=26.97, p<.001). However there was no signifi-
- cance found between the two ratios (F(1,19)=2.17, p=.157) and Menu
typesxRatio interaction (F(3,57)=.333, p=-801)(see appendix A.5 for

details).
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Pairwise Comparisons
85% Confidence Interval for
Difference?
. 'Mean
10} W) Diffierence (- 4
J) Std. Error Sig.@ Lower Bound Upper Bound
AAMUS AAMUS_Click 3.543 22.438 1.000 -55.674 62.760
AAMUS_Curvy 1.966 22.454 1.000 -57.292 61.224
Default -306.2417 22.542 .000 -365.730 -246.751
AAMUS_Click  AAMUS -3.543 22.438 1.000 -62.760 55674
=) AAMUS_Curvy -1.577 22.401 1.000 -60.695 57.541
Default -309.784" 22.488 .000 -369.133 -250.435
AAMUS_Cuny  AAMUS -1.966 22.454 1.000 -61.224 57.292
AAMUS_Click 1.577 22.401 1.000 -57.541 60.695
Default -308.207" 22.504 .000 -367.597 -248.816
Default AAMUS " 306.2417 22542 .000 246.751 365.730
AAMUS_Click 300.784 22.488 | 000 250.435 369.133
AAMUS_Curvy 308.207" 22504 .000 248.816 367.597
Based on estimated marginal means
a. Adjustment for multiple comparisons: Bonferroni.
*. The mean difference is significant at the .05 level.

Figure 32: A pairwise comparison showing significance between different

menu types for touch pad device.

Ratio (60:40): Mean completion time for this ratio was (mean 2.178,
sd 0.643). There was a significant main effect found for menu
types (F(3,57)=15.822, p<.001). In case of individual menu per-
formance, a pairwise comparison using Bonferroni adjustments
showed default (2.368s, 0.7) performing significantly worse
than AAMU-Curve performed (mean 2.077s, sd 0.602), AAMUs
(2.081s, 0.580) and AAMU-Curve-Click(2.156s, 0.642). However
there was no significance found among AAMU and its variants
The results clearly show that in touch pad device, click action
interrupts and slows down the interaction process, hence when
there are more trapped tasks, AAMU-Curve-Click is the slowest

to complete among its variants.

Ratio (75:25): Mean completion time for this ratio was (mean 2.112s,

sd 0.626). There was a significant main effect found for menu
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types (F(3,57)=16.275, p<.001). In case of individual menu per-

formance, a pairwise comparison using Bonferroni adjustments

showed default (2.344s, 0.692) performing significantly worse

than AAMUs (mean 2.013s, sd 0.556), AAMU-Curve (2.026s,
0.571), and AAMU-Curve-Click(2.062s, 0.610) . However there
was no significant difference among AAMU and its variants.
Therefore, it can be concluded that when there are not much
trapped cases, in touch pad device, then all three AAMU ver-

sions perform equally.

Between the two ratios, no menu types showed significant im-
provement in mean completion times. The mean completion times

for both ratios and all menu types are shown in Figure 33.

Searching;:

An ANOVA for touch pad device and selection task, with depen-
dent variable “completion time”, and “menu type” and “Ratio” as
independent variable, showed a significant main effect between menu
types (F(3,57)=44.272, p<.0o1). Also, there was significance found
between the two ratios (F(1,19):1o.588,’ p=.004) but no significance

among Menu typesxRatio interaction (F(3,57)=1.105, p=.355)(see

appendix A.5 for detaﬂs).

Ratio (60:40): Mean completion time for this ratio was (mean 2.665s,
sd 0.735). There was a significant main effect found for menu
types (F(3,57)=15.11, p<.001). In case of individual menu per-
formance, a pairwise comparison using Bonferroni adjustments

showed default (mean 2.890s, sd 0.785) performing significantly

worse than AAMU-Curve-Click performed fastest (mean 2.544s,
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Estimated Marginal Means of Completion_time

24007

2300

22001

21007

Estimated Marginal Means

20007

T 1 T 1
AAMUS - AAMUS_Curvy  AAMUS_Click Defauit

Menu_name

Figure 33: A graph showing estimated mean completion times for all menu
types in both ratios, in case of touch pad device and select task.

sd 0.681), AAMUs (2.604s, 0.691), and AAMU-Curve(2.64zs,
0.731). There was no significant difference among AAMU and

its variants. The results are consistent with mouse searching.
Since in searching the users are only exploring the various child
menus while staying inside the parent menu, AAMU-Curve-
Click provided the quickest way out of the activation area as

compare to the other two designs.

Ratio (75:25): Mean completion time for this ratio was (mean 2.564s,
sd 0.712). There was a significant main effect found for menu
types (F(3,57)=24.880, p<.001). In case of individual menu per-

formance, a pairwise comparison using Bonferroni adjustments

75



5.3 DESIGN AND IMPLEMENTATION OF THE IMPROVED TECHNIQUE

showed default (2.847s, 0.759) performing significantly worse
than AAMU-Curve performed fastest (mean 2.444s, sd 0.671),
AAMU-Curve-Click (2.446s, 0.671) and AAMU(2.5215s, 0.668).
However, there was no significant effect among AAMU and its
variants. AAMUSs performed slightly worse than its variants
which can be attributed to the shape of AAMU triangle. Thére—
fore, it can be concluded that when there are not much trapped
cases, in touch pad device, then all three AAMU versions per-

form equally.

Between the two ratios, all menu types, except default, showed sig-
nificant improvement in mean completion times. The mean comple-

tion times for both ratios and all menu types are shown in Figure 34.

5.3.6  Conclusion:

Overall in all device and task groups, AAMU and its variants per-
formed significantly better than the default technique. The results

also supported both of the following hypothesis:

* Completion times for 60:40 ratio should be higher than 75:25 in

all menu types.

o Either one or both AAMU variants should outperform AAMUs

and default for 60:40 ratio.

Although there was no significance among AAMU and its variants
but there was improvement in performance in case of trapped trials.
The individual menu performance across both devices and task

types remained.consistent as-well. On the mouse and with both tasks,
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Figure 34: A graph showing estimated mean completion times for all menu
types in both ratios, in case of touch pad device and search task.
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AAMU-Curve-Click performed better showing the advantage of

combining the curved shape and “click” shortcut in case of trapping.

Whereas, on touch pad the “click” cost extra time due to different
device type. Therefore, while in the search task, AAMU-Curve-Click
remained the fastest, in selection task AAMUs and AAMU-Curve
took over.

The results also supported my decision of combining the curve
shape and click function, as in experiment 2 5.3.3, AAMU-Curve
showed lowest completion times in the search tasks but in this
experiment the combination design showed even lower times the
AAMU-Curve alone.

The overall menu performances for both devices and task types are

summarized in table 1. Four stars indicate the best performing menu

type in a particular device, task and cascading density combination.

Three stars indicate the second best and so on.
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Mouse Touch Pad
Select | Search | Select | Search
AAMU_Curve_CliCk RS2l L2 £ oo
. . AAMU—CUI'VE Ex ] *F o *%
High Density (60:40) 0 — - — —
Default * * * *
AAMU - Lt 3 EEEd >
. AAMU-Curve-Click | *** i * *Ax
Low Densi 2
ty (75 5) A A ]’ H)—Curve B33 oofof EAF bt
Default * * * *

Table 1: Summary of the performance of all menu types in both mouse
and touch pad device, search and selection task and high and low
cascading densities. :




SUMMARY AND FUTURE WORK

6.1 SUMMARY

In this research, I created a new technique,'I called AAMUs or adap-
tive activation area menus. AAMUs are aimed at improving the
performance of cascading menus in graphical user interfaces (GUISs).
The AAMU design introduced a triangle shaped “adaptive activation
area” to eliminate corner steering in traditional cascading menus.
I also designed a variant of AAMUs with force-fields called force-
AAMU. As described in chapter 4, two experiments were conducted
to measure performance benefits of AAMU and force-AAMU against
traditional cascading menus also known as the default technique and
other existing techniques, namely enlarged activation area menus
or EMUs [6], gesture-based menus [10] and force-fields [3]. AAMUs
showed signiﬁcaht improvement over EMUs; default and gesture
based and lower completions times than all other techniques, in
users’ performance in a selection task. However, I also discovered
that the AAMUs suffer from a “cursor trapping” problem. When the
adaptive activation area is fully expanded, the user cannot invoke
the item adjacent to the currently activated item. The only option is
to get out of the triangle before activating the required item. This

problem slowed down the overall navigation process. To.confirm that




6.2 CONTRIBUTIONS

cursor trapping was the real cause for slow navigation in AAMUs 1
conducted another user study, described as experiment 3 in chapter
5. Based on the results of this observational study, I designed three
AAMU variants, to solve cursor trapping. I named the new designs
as AAMU-Click, AAMU-Hover and AAMU-Curve. A user study,
described as experiment 4 in chapter 5, was conducted to test the

effectiveness of the three improved designs. Based on the results,

the weakest design, AAMU-Hover was eliminated and AAMU-Click |

" and AAMU-Curve were combined into a new design AAMU-Curve-
Click to get the maximum benefit of both designs. A final study,
described as experiment 5 in chapter 5, was then conducted to com-
pare performance of AAMUs, AAMU-Curve-Click, AAMU-Curve

and the default technique. The final study was done using two input

devices (a mouse and a touch pad), two tasks (a selection task and a

searching task) and two cascading density levels (high and low). In
all devices and all tasks, AAMUs and AAMU variants performed
significantly better than the default technique. In high cascading
density cases where more cursor trapping occurred, AAMU variants

showed improved performance over AAMUs whereas in low density

there was almost no difference among AAMUs and AAMU variants.

Therefore, it can be concluded that the new AAMU designs helped

with the cursor trapping problem.

6.2 CONTRIBUTIONS

The major contribution of this research work is the introduction of a

novel menu design, AAMUs. The primary results of my research are
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promising and suggest that AAMUs are worth considering in GUI
applications for desktop or web interfaces, and possibly small screen
applications. I believe that AAMUs can also improve interactions

with devices like pen or stylus.

6.3 LIMITATIONS

The benefits of every design can also be shadowed by certain limita-
tions. Following are some problems with AAMUs that I am aware

of:

e AAMUs introduced a new design in traditional cascading
menus. The users have to adapt to steering in a diagonal path
instead of steering through narrow tunnels and sharp corners.
The observation study showed that some practise is required

but generally users learn very quickly.

e A major drawback of AAMUs is the trapping problem. The
AAMU triangle that is meant to provide a wider steering path,
also interferes with users’ interaction and causes longer naviga-
tion times. As the cascading density in a menu increases, the
trapping problem occurs more frequently. Although the new
AAMU designs improved the trapping problem, this is still a

limitation over the traditional cascading menus.

e Finally, another limitation is the static behavior of the AAMUs.
The AAMU triangle only adapts its size and position, according
to the cursors’ initial position, at the time of rendering. Once

" the cursor is inside the triangle, the triangle remains static. If
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the triangle adapts its shape and size according to the users’
navigation pattern, the trapping problem may be eliminated

completely.

6.4 FUTURE WORK

The next step in this research direction is to develop a model of menu
interaction that predicts the users’ movement patterns . Based on
that model more efficient and optimized variants of AAMUs can be
designed. An adaptive and/or adaptable version will be the ultimate
goal. Also, AAMUs can be incorporated into various interaction

techniques across different applications, platforms and devices.

6.5 FINAL WORDS

Menu selection and navigation are such often performed tasks that
even a small improvement in performance of these tasks will have a
major effect on how users interact with current GUIs. AAMUs is a
simple and easy to implement technique and is aimed at facilitating
users in submenu selection, navigation and reducing the number of
movement errors. This is the only technique that addresses both the
problems of long and narrow steering paths as well as corner steer-
ing. Users have unanimously preferred AAMUs over the existing
techniques for their simple design, ease of use and accuracy. AAMUs
allow users to navigate better and with ease without introducing
confusing and challenging interfaces. I believe that techniques like

AAMUs can take menu navigation and selection to a whole new
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level. I also hope that the "keep it simple” concept of AAMUs will
introduce a new paradigm in designing menus. Finally, I hope that
designers will consider AAMUs as a potential way to make submenu

selections easier for their users.
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MATERIAL FROM EXPERIMENTS

A.1 EXPERIMENT1: SELECTION TASK

Which Technique did you like the most? Rate from 1 to 5, 1 being the best

AAMUS
Force AAMUS _
Gesture Based
EMUS
Default

What did you like the most about these Techniques? And WHY

What did you like the least about these Techniques? And WHY

What Technique do you think is the fastest? And WHY

Any Suggestions?

Post study questionnaire for Experiment 1 (Selection task with
mouse).
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A.1 EXPERIMENTI1: SELECTION TASK

General Linear Model

Within-Subjects Factors

RE 1
Dept Dependent
Variable
1 1 AAMUS.200
2 AAMUS.3.00
3 AAMUS.4.00
2 1 Defauit2.00
2 Default.3.00
3 Default.4.00
3 1 Direction.2.00
2 Direction.3.00
3 Direction.4.00
4 1 EmUs.2.00
2 Ermus.3.00
3 EmUs.4.00
5 1 Force.2.00
2 Force.3.00
3 Force.4.00
6 1 Force AAMU.
200
2 ForceAAMU.
3.00
3 FarceAAMU.
4.00
Multivariate Tests”
Value 3 _Hypothesis.df | Emor di Siq,, |
Menu  Pillai's Trace 886 9.349"° 5.000 6.000 008
Wilks' Lambda 114 | 9349® 5.000 6.000 008
Hotelling's Trace 7.791 |, 9.349" 5.000 6.000 .008
Roy's Largest Root 7.791 9.349° 5.000 6.000 .008
Depth  Pillai's Trace 954 | e3.682° 2.000 9.000 .000
Witks' Lambda 046 | 93682" 2.000 9.000 000
Hotelling's Trace 20818 | 93.682° 2.000 $.000 000
a. Exact statistic

b. Design: [ntercept
Within Subjects Design: Menu + Depth + Menu * Depth

Page 1

Raw statistics from SPSS for Experiment 1 (Selection task with
Summary of Repeated measures Analysis for completion times.
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A.1 EXPERIMENT1: SELECTION TASK

Multivariate Tests”
| Effect Value £ Hypothesis df ] Error df Sig. ]
Depth Roy's Largest Root 20818 | 93.682° 2.000 9,000 .000
Menu * Depth  Pillai's Trace 1.000 | 5.117E2 10.000 1,000 034
Wiks' Larmbda 000 | 511722 10.000 1.000 034
Hotelling's Trace 5117.433 | 511762 10.000 1,000 034
Roy's Largest Root | 5117.433 | 511762 10.000 1.000 .034

a. Exact statistic

b. Design: Intercept
Within Subjects Design: Menu + Depth + Menu ~ Depth

Mauchly's Test of Spherit:it.yb
RE 1
Epsilon ®
Approx. Chi- Greenhouse-
Mauchly's W Square df Sig. Geisser Huynh-Feldt | Lower-bound
028 28.755 14 .014 .441 571 .200
257 12221 2 .002 574 .600 .500
000 140 8RN 54 [e'n's) 293 428 inn

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

2. May be used to adjust the degl of freedom for the ged tests of signi . Corrected tests are displayed in the
Tests of Within-Subjects Effects table.

b. Design: Intercept
Within Subjects Design: Meny + Depth + Menu * Depth

Tests of Within-Subjects Effects

_MeasureMEAQURE 1

Type 1l Sum
| Squrce of Squares df Mean Square | F Sig. |
Menu Sphericity Assumed 3.50767 5 | 7014468.704 28.488 000
Greenhouse-Geisser 3.507E7 2.206 1.580E7 28.488 .000
Huynh-Feldt 3.507E7 2856 1.228E7 | 28.488 000
Lower-bound 3.507E7 1.000 3.507E7 28.488 .000
Error(Menu)  Sphericity Assumed 1.231E7 50 246228108
Greenhouse-Geisser 1.23167 22056 | 558178652
Huynh-Feldt 1.23167 28562 431045.818
Lower-bound 1.231E7 10,000 | 1231140.539
Depth Sphericity Assumed 7.393E7 2 3.697€7 | 172411 000
Greenhouse-Geisser 7.39387 1.148 6.443E7 | 172411 .000
Huynh-Fekdt - 7.393E7 1.200 6.161E7 | 172411 .000
Lower-bound 7.393E7 1.000 7.39367 | 172.411 .000
‘Error(Depth)  Sphericity Assumed 4288207.564 20 | 214411.378
Greenhouse-Geisser | 4288227564 11476 | 373674:316

Page 2
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_Measue MEASURE 1

A.1 EXPERIMENTI1: SELECTION TASK

Tests of Within-Subjects Effects

Type lif Sum
Source of Squares df Mean Square F Sig. |
Error(Depth) Huynh-Feldt 4288227.564 12001 | 357334.544
Lower-bound 4288227.564 10.000 | 428822.756
Menu * Depth Sphericity Assumed 7993323.997 10 | 799332400 8.898 000
Greenhouse-Geisser 7993323.997 2,932 | 2726645684 8.898 000
Huynh-Feldt 7993323.997 4.279 | 1867955.405 8.898 .000
Lower-bound 7993323.997 1.000 | 7993323.997 8.898 014
Error{Menu*Depth)  Sphericity Assumed B8983589.681 100 89835.897
Greenhouse-Geisser | 8983589.681 29.316 | 306444.053
Huynh-Feldt 8983589.681 42792 | 209937.004
Lower-bound 8983589.681 10.000 898358.968
Tests of Within-Subjects Contrasts
~Measure MEASURE 1
Type Il Sum
| Source . Menu Deofh of Squares df Mean Square F Sig.__ |
Menu Linear Depth 2198199.277 1 | 2198199.277 19.583 001
Quadratic Depth 1.799E7 1 1.799E7 565.357 .000
Cubic Depth 8798780.683 1 | 8798780.683 40,481 .000
Order 4 Depth 1148550.789 1 | 1148550.789 4.756 .054
Order 5 Depth 4939380175 1 | 4939380.175 14.740 003
Error(Menu) Linear Depth 1122491.552 10 1 112249.155
Quadratic Depth 3249341.839 10 | 324934.184
Cubic Depth 2173533.492 10 | 217353349
Order 4 Depth 2414965,199 10 | 241496,520
Order § Depth 3351073.306 10 | 335107.331
Depth Menu * Depth  Linear 7.378€7 1 7.378E7 | 185.308 000
Quadratic 157096.028 1| 157096.028 5.119 047
Error(Depth)  Menu * Depth  Linear 3981350.779 10 | 398135078
Quadratic 306876.785 10 30687.679
Menu * Depth  Linear Linear 206815.826 1 206815.826 5.051 .048
Quadratic 49.235 1 49.235 .003 .955
Quadratic Linear 3517027.141 -1 | 3517027.141 22156 .001
Quadratic 374990.364 1 | 374990.364 7.715 .020
Cubic Linear 2130171.599 1 | 2130171.599 44.043 000
Quadratic 124226.393 1 124226.393 2.361 - 155
Order 4 Linear 421607.816 1] 421607.816 7.869 019
Quadratic 9580.031 1 9580.031 114 .743
Order 5 Linear 1184694.487 1 | 1184694.487 5.785 .037

Page 3
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A.1 EXPERIMENTI1: SELECTION TASX = 88

Tests of Within-Subjects Contrasts

_Measure MEASURE 1

Type Il Sum
| Source Meny _Deoth of Squares df Mean Square i Sig.
Menu * Depth Order 5 Quadratic 24161.103 1 24161.103 126 730
Error{Menu*Depth)  Linear Linear 400484.918 10 40948.492
Quadratic 147297.864 10 14729.786
Quadratic  Linear 1587391.475 10 | 158739.147
Quadratic 486042.422 10 48604.242
Cubic Linear 483654.585 10 48365.459
Quadratic 526059.110 10 52605.911
Order 4 Linear 535774.728 10 53577.473
Quadratic 840439.142 10 84043.914
Order 5 Linear 2047851.277 10 | 204785.128
Quadratic 1919594.161 10 191959.416

Tests of Between-Subjects Effects

Measure:MEASURE_1

Type 1l Sum
e of Squares df Mean Square E Sig.
Intercept 1.050E8 1 1.059E9 | 370607 .000
Error 2.857E7 10 | 2856558.568

Estimated Marginal Means

1. Menu

Estimates

RE 1

95% Confidence Interval
Std. Error ! Lower Bound
1930.969 99.437 1709.409 2152.528
2527.192 162.339 2165.478 2888.906
3133.548 234.820 2610.336 3656.761
2278.527 124.286 1999.602 2553.453
2046.994 107.801 1806.576 2287.411
1958.619 73.471 1794.915 2122.324
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_Measura MEASURE 1

Pairwise Comparisons

A.1 EXPERIMENT1: SELECTION TASK

95% Confidence inferval for
Difference
Mean

0} [©)] Difference (I- Ca
n N)) Std. Error Sig. Lower Bound Upper Bound
1 2 -596.223 105.656 .03 -1000.605 -191.841
3 1202560 | 169.235 000 -1850.300 554,859
4 -345.559 63.587 .004 -588.926 -102.191
5 -116.025 60.806 1.000 -348.750 116.700
6 - -27.651 38.883 1.000 -176.467 121.166
2 1 596.223. 105.656 003 191.841 1000.605
3 -606.357 163.297 .060 -1231.349 18.636
4 250.665 93.279 342 -106.345 607.674
5 4&].198. 112.482 025 49.693 910.703
& 568.573. 118.100 011 116.565 1020.581
3 1 1202.580 169.235 000 554.859 1850.300
2 606.357 163.297 080 -18.636 1231.349
4 857.021 : 161.621 .005 238.441 1475.601
5 1086555 | 164.806 002 379.239 1793.870
6 1174.93. 182.785 .001 475.349 1874.510
4 1 345.559 63.587 .004 102191 588,926
2 -250.665 93.279 342 -607.674 106.345
3 -857.021 . 161.621 .00§ -1475.601 -238.441
S 229.533 91.139 .457 -119.288 578.354
6 3174908. 76.040 .028 26.878 608.938
5 1 116.025 60.808 1.000 -116.700 348.750
2 <4M.198. 112.482 025 -810.703 -49.693
3 4086.555‘ 184.806 002 -1793.870 -379.239
4 -229.533 91.139 .457 -578.354 +119.288
6 88.375 71.044 1.000 -183.536 360.285
6 1 27.651 38.883 1.000 -121.166 176.467
2 -568.573‘ 118.100 .01 -1020.581 -116.565
3 -1174.929: 182.785 001 -1874.510 -475.349
4 -317.908 76.040 .028 -608.938 -26.878
S -88.376 71.044 1.000 -360.285 183.536

Based on estimated marginal means

*.The mean difference is significant at the .05 level.

a. Adjustment for multiple comparisons. Bonferroni.

Page 5
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A1 EXPERIMENTI: SELECTION TASK 90

Multivariate Tests

Value £ Hypothesis df Emor df
Pillal’s trace 886 | 9.349° 5.000 6.000
Wilks' lambda 114 | 9349° 5.000 6.000
Hotelling's trace 7.791 9.349° 5.000 6.000
Roy's largest joot 7791 9349" 5000 6.000

Each F tests the multivariate effect of Menu. These tests are based on the linearly independent pairwise comparisons
among the estimated marginal means.

a, Exact statistic
2. Depth
Estimates

_Measure:MEASURE 1

Dept 95% Confidence Interval

h Mean Std. Error | Lower Bound | Upper Bound

1 1584.619 77.905 1411.035 1758.203

2 2272.473 129.196 1984.606 2560.340

3 3079.832 164.370 2713.592 3446.072

Palrwise Comparisons

~Measure MEASURE 1

95% Confidence Inferval for
ifference
Q) Mean
Dept  Dept Difference (I a
h J) Std. Error Sig. Lower Bound Upper Bound
1 2 -687.854 66.070 .000 -874.610 -501.098
3 -1485.213 109.839 .000 -1810.460 -1179.966
2 1 687.854 65.070 .000 501.098 874.610
3 -807.359 56.508 .000 -869.540 -645.178
3 1 1495.213 109.839 000 1179.966 1810.460
2 807.358 56.508 .000 645.178 969.540

Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Bonferroni.

Multivariate Tests

Value F Hypothesis df Eror df Sig.
al ts the multivariate effect of Depth. These fests are based on the linearly independent pairwise comparisons
among the estimated marginal means.
a, Exact statistic
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" A.1 EXPERIMENT1: SELECTION TASK

Multivariate Tests

Value £ Hypothesis df Error df Sig,
Wilks' lambda .046 93.682: 2.000 9.000 .000
Hotelling's trace 20.818 93.682a 2.000 9.000 .000
|_Rov's largestroot 20818 1 93682 2.000 9.000 000

Each F tests the multivariate effect of Depth. These tests are based on the linearly independent pairwise comparisons

among the estimated marginal means.
a. Exact statistic

3. Menu * Depth

_Measure MEASURE 1

Dept 95% Confidence Interval
| Mepy b Mean Std. Eqor_] Lower Bound | Upper Bound
1 1 1459.603 83.978 1272.489 1646.717
2 1849.224 101.708 1622.610 2075.838
3 2484.079 126,107 2203.096 2765.062
2 1 1737.284 90.218 1536.276 1938.312
2 2433.439 162.807 2070.683 2796.196
3 3410842 249.515 2854.887 3966.798
3 1 1891.821 | 137.591 1585.250 2198.392
2 3167.058 304.971 2487.539 3846.576
3 4341.767 354.741 3551.354 5132.180
4 1 1534.327 79.399 1357.416 1711.240
2 2313152 158.758 1959.417 2666.886
3 2982.103 169.090 2605.347 3358.859
5 1 1448.445 78.273 1274.043 1622.848
2 2066.652 115.041 1810.324 2322979
3 2625.885 153.287 2284.339 2067.430
6 1 1436.224 63.399 1294.963 1577.486
2 1805.315 91.646 1601.114 2009.516
3 2634.318 94.356 2424.080 2844.557
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A.2 EXPERIMENT2: SEARCH TASK

General Linear Model

Within-Subjects Faclors
MeasymMEASURE Y
Devic | Dependent
Meoy = Variable
1 1 AAMUS.
mause
2 AAMUS.stylus
3 AAMUS.
TouchPad
2 1 Defaut.
mouse
2 Defaukstyhss
3 Defaul,
TouchPad
3 1 EMUS.mouse
2 EMUS. stylus
3 EMUS.
TouchPad
Multivariate Tests”
Effect Valye 3 Hypothesis df {_Error.df Sig.
Menu Pilas Trace 725-] 22.391° 2000 | 17.000 000
Wilks' Lambda 215 | 2391° 2000 | 17.000 000
Hotiling's Trace 2604 | 2391° 2000 | 17.000 oo
Roy's Largest Root 263 | 22301° 2000 | 17.000 000
Device Pilials Trace 922 | 1.007E2 2000 | 17,000 000
Weks' Lambda 078 | 1.007E2 2000 | 17.000 000
Hoteling’s Trace 11844 | 1.007E2 2000 | 17.000 000
Roy's Largest Root | 11844 | 1.007€2 2000 | 17.000 000
Menu * Device  Pilafs Trace ase | 2087 4000 | 15000 132
Wilks' Lambda &41 | 2007° 4000 | 15.000 132
Hotelfng's Trace 559 | 2.007° 4000 | 15.000 132
Roy's Largest Root 558 2.097° 4.000 15.000 132
"a. Exact statistic
b. Design: In\mcg!
Within Subjects Design: Menu + Device + Menu ~ Device
Mauchly's Test of Sphericity’
_Measure:MEASURE 1
]
Witio Epsilon
Subjects Apgmx. Chi Greenhouse- N
Effect Mauchly's W quare df Sig, Geisser Huynh-Feldt | Lower-bound
Meny 703 5980 2 050 Edl 830 k
Device 495 11.963 2 003 664 897 500
Moy * Device 6678 9 612 835 1 250 ] .
Tests the null that the ermor ¥ matrix of the " i varlables s propoitional to an identity matsix,

z.b};Lay be usedto adjust the deprees of freedom for the. a\}mged tests df significance. Corrected tests are displayed in the Tests of Within-Subjects Effects
table. N

b. Design: intercept
Within Subjects ?es‘gn: Menu + Device + Menu * Davice

Tests of Within-Subjects Effects
~Measure MEASURE.L

Type il Sum
Source of Squares df Meani Square } __F ~Slg.__}
Menu Sphericky Assumed 6568413338 2 { 3294206.669 11.668 000
Greenhouse-Gelsser | 8588413.338 1.543 | 4271171589 11.668 .001
Huyrih-Feidt 6588413.339 1.659 | 3070568.298 | 11.668 .000
Lower-boind 6588413.339 1,000 | 6588413339 | 11.668 003
Error{Meny)  Sphericity Assumed 1:016E7 36 | 282329.780
Greenhoase-Gelsser 101667 | 27766 | 366060.524

Page 1

Raw statistics from SPSS for Experiment 2 (Search task with 3 input
devices).
Summary of Repeated measures Analysis for completion times.
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Tests of Within-Subjects Effects
rHeasure MEASURE 1
Type IIl Sum
Source of Squares df Mean Square F Sig. |
Emorn{Menu) Huynh-Feldt 1.016E7 | 29868 | 340207.335
Lower-bound 1.016E7_| - 18.00D | 584659.508
Device Sphericity Assumed B.498E7 2 424867 | 63.028 000
Greenhouse-Gelsser 8.496E7 1.328 8.304E7 83,026 .00
Huynh-Feidt B.496E7 1334 8083E7 | 63.026 000
Lower-bound 8.496E7 1.000 849657 | 63.026 000
ErorDevice) Sphericity Assumed 2.426E7 36 | 673996.43¢
Greenhouse-Geisser 242667 23816 | 1014535.650
Huynh-Feidt 2.426€7 25007 | 986784.450
Lower-bound 2426E7 | 18.000 | 1347902.867
Menu * Device Sphericity Assumed 1064333605 4 | 266083.451 1510 208
Greenhouse-Geisser | 1064333805 3340 | 318630.982 1.510 218
Huyah-Feldt 1064333.805 4,000 | 268083.451 1510 208
Lower-bound 1064333.805 1.000_| 1084333.805 1510 235
Emor(Menu*Device)  Sphericy Assumed 1.269€7 72 | 176233447
Greenhause-Geisser 1.265E7 60.126 | 211036.936
Huynh-Feldt 1.269E7 | 72000 | 176233.447
Lower-bound 1.289E7 | 18.000 | 704833.787
Tests of Within-Subjects Contrasts
pMEaSWe MEASURE 3
. Tvalll Sum
QUICE Mray Devige of Squares df Mean Square £ Sig. |
Meny Unear Device 4362440872 1 | 4362440972 13.120 002
Quadratic Device 2225972.366 1 | 2225972365 9.589 .006
ErmorMent) Linear Device 5985203.662 18 | 332511315
Quadratic Device 4178669.112 18 | 232148284
Device Menu ® Device  Linear 8.307E7 1 8.307E7 | 120465 .00
. Quadmtic | 1888137.036 1 | 1888137.036 2,673 119
EnmorDevice) Menu " Device  Linear 1.155€7 18 | 841641239
Quadratic 1.271E7 18 | 706351620
Menu ™ Device Linear Unear 24007.144 1 24007,144 Rt 735
Quadmtic | 512532.928 1 | 512532828 3.850 062
Quadratic Lnear 384500.572 1| 384590572 1801 198
Quadsalic 133203.161 1| 133203181 871, -363
Emor(Menu’Device)  Linear tinear 3656628.629 18 | 203146.035
Quadrtic | 2335705528 18 | 120781418
Quadratic Uinear 3943708464 18 | 219084.604
Quadatic | 2752767537 18 | 152931530
Tests of Between-Subjects Effects
Measure:MEASURE _
1 2rable-Avermge
Ty’pe W Sum .
QurGe of Squares o Mean Square E Sig.
Intercept 4.61BED 1 4.618E9 | 4936535 000
Enor 1.684E7 18 | 935507.038
Estimated Marginal Means
1. Menu
Estimates
Meacura:
85% Confidence [nterval
Meng Mea Std Error_| Lower Bound | Upper Bound
1 5311750 83.451 5136.427 5487.074 |
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Estimates
Measure MEASURE 1
85% Confidence Interval
Meny | Mean | Std. Eror | LowerBound | Upper Bound
2 5358,160 94.727 5159.146 5557.174
3 4920511 | 101.889 4706.449 5134.573
Pairwise Comparisons
_Measure: MEASURE |
85% Confidence inteival for
Difference
Mean
o) J) Difference (- s
Meny. a0y )] Sd. Enor | Sig. Lower Bound Upper Bound
1 2 46410 | 115940 1.00 352393 259573
3 391,239 | 108014 006 106174 675304
2 1 46.410 | 115940 1.000 258573 352383
3 437649 | 67.095 000 258464 616.834
3 1 -391.230 108.014 006 -676.304 1106174
2 437640 | 67805 000 516834 258,464
Based on estimated marginal means
a. for mukipte
. Tha mean difference Is significant at the .05 Javel.
Multivariate Tests
vale E Hynothesisdf | Error df Sig.
Pillaf's trace 725 | 223017 2000 | 17.000 000
Witks' lambda 2715 | 22391° 2000 | 17.000 000
Holeling's trace 2634 | 22391° 2000 | 17.000 000
LRoy's targest root 2634 | 22391° 2000 1472000 1 000 |
Each F asts the mulivaniate effect of Menu. These tests are based on the linearly pairwise } amongthe
means.
a. Exact statistic
2. Device
Estimates
Measure-ME, 1
. 95% Confidence Interval
Devic
~ Mean
1 4417.478
2 5048.202
3 6124.741

~heasure MEASURE 1

Pairwisc Comparisons

B5% Confidence Injervat for
Difference
) )  Mean
evic Devic | Difference (& 2
£ & ) Std. Eqror Slg. Lower Bound | Upper Bound
1 2 -630.724 98,448 .000 890,542 -370.806
3 -1707.264 150.046 .00 -2103.256 -1311.271
2 1 830724 98.448 000 370.806 850.542
3 -1078.538 186.828 000 -1595.897 557.082
3 1 1707.264 150.046 600 1at12n 2103.256
2 1076.539 186.828 000 557.082

Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a, Adjt for muttiple

d marginal
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A.2 EXPERIMENT2: SEARCH TASK 95

Multivariate Tests

Value, F Hypathesis df
Pilal's trace 822 | 1.007E2 2.000

Wilks' lambda 078 | 1.007€2 2,000
Hoteting's trace 11.844 | 1.007E2 2.000
Roys largest root
Ezch F tasts the mukivariate efiect of Device, These tests are based on the linearty pairwise ' among the esth marginal
means.
a. Exact statistic
3. Menu * Device
(Dieasuce MEASURE |
Devie 95% Confidence Interval
Mepy o Mean Std. Eor | Lower Bound | Upper Bound
1 1 4522.792 80.851 4352.721 4592862
2 5230.060 138.993 4938.045 5522.074
3 6182.399 180.071 5804.083 6560.715
2 1 4467.718 | 102085 4253.248 4682190
2 5285375 117.638 5018.230 5512520
3 B8341.387 178.255 5966.888 B715.888
3 1 4261.924 86.648 4079.883 4443.865
2 4649.171 115.148 4407.251 4851.091
3 5850439 227.827 5371.702 £328.086
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A.3 EXPERIMENT3: OBSERVATION STUDY

T-Test
Palreé Samples Statistics
Mean N Std. Deviation
Pair1  AAMUS | 16497333 9 305.09374 101.69791
Default | 1716.2815 9 269.84678 89.94893
Paired Samples Correlations
N Correlation Sig,
Pair1  AAMUS & Default g 420 260
Paired Sampies Test
Paired Differences
95% Confidence interval of the
Difference i
&d. Error
Mean Std. Deviation Mean Lower Upper t
Pair 1 AAMUS - Default | .66.54815 310.97831 103.65944 -305.58724 172.45004 -.642
Palred Samples Test
Paired Differences
df Sig. (2-tailed
Pair 1 AAMUS - Default 8 539

Page 1

Raw statistics from SPSS for trapped trials from observation study.
Summary of t-test for completion times in experiment 3.
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T-Test
Paired Samples Statistics
Std. Eror
Mean N Std. Deviation Mean
Pair1  AAMUS | 1280.6074 9 193.92858 64.64286
Default | 1539.5630 9 27311378 91.03793
Paired Samples Correlations
N Carrelation Sig.
Pair1  AAMUS & Default 9 821 007
Paired Samples Test
Paired Differences
85% Confidence Interval of the
Difference
Std. Error
Mean Std. Deviation Mean Lower Upper t
Pair1  AAMUS - Default | 258 95556 158.88454 52.96151 -381.08502 -136.82609 -4.890
Paired Samples Test
| Paired Differences |
. df Sig. (2-tailed
Pair1  AAMUS - Default 8 .001
Page 1

Raw statistics from SPSS for clear trials from observation study.
Summary of t-test for completion times in experiment 3.
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A.4 EXPERIMENT4: TESTING ALTERNATE DESIGNS

Univariate Analysis of Variance: for select task

Tests of Between-Subjects Effects

Type lli Sum
of Squares df Mean Square F Sig.
Intercept Hypothesis 1.216E9 1 121669 | 864.362 000
Error 1.547E7 11.000 1.406E6
Menu_name  Hypothesis 970039.184 3 | 323346.398 2524 075
Error 4232252198 33.034 12_@116.813°
Tests of Between-Subjects Effects
Type Il Sum
of Squares df Mean Square F Sig.
ParticipentNo Hypothesis 1.548E7 11 | 1407109.848 10.980 000
Error 4231847.291 33021 | 128154.731°¢
"g :Sllé}gv;‘rpﬁo Hypothesis | 4231178.744 33 128217_538d 2513 000
Error 4.536E7 889 51022.912

a. :999 MS(ParticipentNo) + .001 MS(Error)
b. .999 MS{Menu_name * ParticipentNo) + .001 MS(Error)
¢..999 MS(Menu_name * ParticipentNo) + .001 MS(Error)

d. MS(Error)
. ab
Expected Mean Squares
Variance Component
Var
Var {Menu_name

(Participent ‘ v Cuadratic
Source No) ParticipentNo Var(Ermror) erm
Intercept Intercept,

77.936 18484 1.000 | o enu_name

Menu_name 000 19.485 1.000 | Menu_name
ParticipentNo 77976 19.494 1.000
Menu_name *
ParticipentNo .000 18510 1.000
“Error 000 000 1.000

a. For each source, the expected mean square equals the:sum ofthe coefficients in the cells imes the variance
components, plus a quadratic term involving.effécts in the Quadratic Term cell.

b. Expected Mean Squares are based on the Type 1il Sums of Squares.

Estimated Marginal Means

Menu_name

Estimates
Menu 95% Confidence Interval
name ! - Mean Std: Error_| Lower Bound | Upper Bound
AAMUS | 1108:583 14817 1079:502 1137.664
Click 1125.846 14810 1086:780 1154912
Curvy 1132.147 14712 1103.274 1161.020
Hover 1183.833 14.751 1164.882 1222.783
Pairwise Comparisons
D Variable:Comul .
95% Confidence Inferval for
0 Difference
W enu oi Mean
enu_ nam ifference (- . 2
| name e J) Std. Error Sig. Lower Bound Upper Bound
AAMUS  Click <17.263 20.850 1.000 -72,657 38.132
Curvy -23.564 20.880 1.000 -78.775 31.647
Hover —85.249' 20.908 .000 -140.534 -29.965

Based on estimated marginal méans

a. Adj for

ltiple compari
P F

: Bonferroni.

*. The mean difference is significant at the .05 level.

Raw statistics from SPSS from experiment 4, testing the alternate

designs.
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Pairwise Comparisons

_Dependent Variable:.Compietion tim
95% Confidence Inferval for
Difference
!
enu (J) . Mean
nam Menu Difference (I a
€ pame J) Std. Error Sig. | ower Bound Upper Bound
Click  AAMUS 17.263 20.950 1.000 -38.132 72.657
Curvy -6.301 20.875 1.000 -61.498 48.896
Hover -67.987 20,903 .007 -123.257 -12.717
Curvy  AAMUS 23.564 20.880 1.000 -31.647 78.775
Click 6.301 20.875 1.000 -48.896 61.498
Hover 61.686 20.833 .019 -116.772 -6.600
Hover AAMUS 85.249 20.908 .000 28.965 140534
Click 67.987 20.903 .007 12.717 123.257
Curvy 61.686 20.833 .018 6.600 116.772

Based on estimated marginal means
a. Adjustment for multiple comparisons: Bonferroni.
* The mean difference is significant at the .05 level.

Univariate Tests

_Dependent Varable: ion time
Sum of
Squares df Mean Square F Sig.
Contrast 970039.184 3 323346.398 6.337 .000
Eror 4 .536E7 889 51022.812

The F tests the effect of Menu name. This test is based on the lineady independent pairwise
comparisons among the estimated marginal means.

Post Hoc Tests

Menu_name

Multiple Comparisons

‘Completion_time

_Tamhane
95% Confidence Interval
Wenu S])enu Diffg:r?ge (I-
| name pame J) Std. Error Sig. Lower Bound | Upper Bound
AAMUS  Click -14.83 22712 | - 987 7484 | 4519
Curvy -25.07 23.320 864 -86.69 | 3655
Hover 8489 | 25197 005 -151.29 18.48
Click AAMUS 14.83 22.712 087 -4519 74.84
Curvy -10.24 23.579 999 - 7254 52.06
Hover 7006 25.368 035 -137.09 | -3.02
Curvy  AAMUS 25.07 23.320 864 -36.55 86.69
Click 10.24 23.579 999 -52.06 72.54
- Hover -59.81 25.913 422 -128:29 8.66
Hover ~ AAMUS 84.89 25.127 005 1848 15129
Click 7006 | 25.368 035 3.02 137.09
Curvy 59.81 25.913 422 8:66 | 128.29

Based on observed means.
The error term is Mean Square(Error) = 51022.912.

* The mean difference is significant at the .05 level.

Summary of ANOVA for completion times among menu types for
select task.
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Univariate Analysis of Variance: for search task

_Dependent Variable:Completion time

Tests of Between-Subjects Effects

Type 1l Sum
of Squares df Mean Square F Sig.
Intercept Hypothesis 3.346E9 1 3.346E8 | 180.065 000
Error 2.235E8 12.030 1.858E7
Menu_name Hypothesis 1.486E7 3 | 4853055.620 3.743 019
Error 4.938E7 37.312 1.323E6
ParticipentNo Hypothesis 2.354E8 12 1.862E7 14,276 .000
Error 4.947E7 36.001 1.374E6
Menu_name * Hypothesis 4.947E7 36 | 1374115432 3.161 000
ParticipentNo Error 4.978E8 1145 | 434766.073°
a. .946 MS(ParticipentNo) + .054 MS(Error)
b. .846 MS(Menu_name * ParticipentNo) + .054 MS(Error)
¢. 1.000 MS(Menu_name * ParticipentNo) + 4.91E-005 MS(Eror)
d. MS(Ermor)
Expected Mean Squ:;lresa’b
Variance Component
Var
~Var (Menu_name
(Participent ® Quadratic
No} ParticipentNo) | Var(Error) Term
Intercept 86:383 21596 1000, | jotercept,
Menu_name .000 21.596 1.000 | Menu_name
ParticipentNo 91.310 22828 1.000
il 000 22829 1.000
Error .000 .000 1.000

a. For each source; the expected mean square equals the sum of the-coefficients in the cells. imes the variance
components, plus a quadratic term involving effects in-the' Quadratic Term cell.

b. Expected Mean Squares’are based on the Type Il Sums of Squares.

Estimated Marginal Means

Menu_name

Estimates
0 iable:Comgletion &
Menu 95% Confidénce Interval
| name Mean Std. Error | Lower Bound | Upper Bound
AAMUS | 1664867 | 39374 1587.614 1742123
Click 1756.709 39374 1679.456 1833.963
Curvy | 1586.913 38288 1509.829 1663.998
Hover | 1895928 39.374 1818.675 1973.182
Pairwise Comparisons
C NN _—
95% Confidence Ingerval for
Difference-
Oy ) ..Mean
enu_  Menu_ | Difference (i L a . .
| name pame J) -Std. Error Sig. LowerBound | Upper Bound
AAMUS  Click -91.842 55.683 596 -239.005 55.321
Curvy 77.954 55.623 968 -69.048 224.956
Hover -231.061" 55,683 000 -378.224 -83.808
Click ‘AAMUS 91.842 55.683 596 -55.321 239,005
Curvy 169796 55.623 014 22794 316.798
Hover -139.219 55.683 075 -286.382 7.944
Curvy  AAMUS -77.954 55.623 968 -224,956 69.048
Click -169.796 55.623 014 -316.798 -22.794
Hover 2300.015 55.623 000 -456.017 -162.013
{Hover  AAMUS 231061 55.683- 000 83.898 378.224
Click 139.219 55.683 075 -7.944 286.382
Curvy 300.015 55.623 000 162.013 456.017

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.

*. The mean difference is significant at the .05 level.
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Univariate Tests

D i . A
Sum of
Squares df Mean Square E Sig.

Contrast 1.4B6E7 3 | 4953055.620 11.382 .000
Error 4.978E8 1145 434766.073

The F tests the effect of Menu_name. This test is based on the linearly indeperident pairwise comparisons
among the estimated marginal means.

Post Hoc Tests

Menu_name

Multiple Comparisons

Completion_time

95% Confidence Interval

U] ) Mean

Menu Menu Difference (|-

pame. . name J) Std. Error Sig. Lower Bound | Upper Bound

AAMUS  Click -83.10 63.310 77 -250.25 84.04
Curvy 57.53 55.913 886 -90.07 20513
Hover 214,82 69.581 013 -398.57 -31.07

Click AAMUS 83.10 63.310 7 -84.04 250.25
Curvy 14063 62.447 138 -24.24 305.50
Hover -131.72 74.932 391 -329.54 66.10

Curvy  AAMUS -57.53 55.913 886 -205.13 90.07
Click -140.63 62.447 139 -305.50 24.24
Hover 27235 68.796 001 -454.03 -90.66

Hover  AAMUS 214.82 69.581 013 31.07 39857

Based on observed means.
The emor term is Mean Sauare{Error) = 434766.073.

Multiple Comparisons

Completion_time
_Tamhane

95% Confidence Interval
ﬁ? ()
enu  Menu __Mean
nam na Difference (}-
g me J) Std. Emror Sig. Lower Bound | Upper Bound
Hover  Click 131.72 74.932 381 -66.10 32954
Curvy 272.35 68.796. .001 90.66 45403

Based on observed means.
The-error term is Mean Square(Error) = 434766.073.

*. The mean difference is significant at the .05 level.

Summéry of ANOVA for completion times among menu types for
search task.
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1 _A.5 EXPERIMENTS5: FINAL STUDY

Means

fDataSet1] E:\HCI_LAB CODE\Erum SVN\experiment_Results\March2009\March2\b\final_all.sav

Case Processing Summary

Cases
Included Exduded Total
N Percent N Percent N Percent

Completion_time *

Menu_name 16803 100.0% 0 0% 16801 100.0%

Completion_time *

Device 16801 100.0% 0 0% 16801 100.0%

Compteton_time *

Search/Seléct 18801 100.0% [ 0% 16801 100.0%

C _time " Ratio 16801 100.0% ] 0% 16801 100.0%

Completion_time * Menu_name

C imt

Menu name Mean N Sid. Deviation

AAMUS 1746.88 4197 730.013

AAMUS_Click 1727.94 4214 727.385

AAMUS_Curvy | 1749.98 4218 727.367

Defaull 2024.97 4172 794.146

‘Folal 1811.99 16801 755.131

Completion_time * Device

R ime.

Device Mean N___ ]| Sid. Deviation

mouse 1459.27 10405 521.202

touch_pad | 238578 6396 724.117

Total 1811.99 16801 755.131

Completion_time * Search/Select

Lof time

Se. Mean N Std. Deviation

[ 1611.28 8420 671,229

1 2013.63 8381 780.628

Totat 1811.89 16801 755.131

Complotion_time * Ratlo

Completion time

Ratlo Mean N Std. Deviatlon

60 1841.68 10223 762,979

75 1765.85 6578 740.468

Total 1811.99 16801 755.131

Page |

Summary of mean completion times from experiment 5 for all menu

types, device types and task types.
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Univariate Analysis of Variance

Between-Subjects Factors

A5 EXPERIMENTS: FINAL STUDY

N
Menu_name AAMUS 1302
AAMUS_Click 1306
AAMUS_Curvy 1304
Default 1283
Ratio 60 3169
75 2036
ParticipentNo. 1 160
2 163
3 162
4. 162
5 163
6 164
7 164
8 161
8 164
10 163
11 160
12 163
13 164
14 161
15 164
16 160
38 " 163
39 164
4 158
42 163
43 164
44 164
45 163
46 163
47 164
48 164
49 162
50 163
51 164
52 161
53 163
54 164

Page 1
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A.5 EXPERIMENT5: FINAL STUDY

Tests of Between-Subjects Effects

D Variable:Cy fime
Type it} Sum
of Squares af Mean Square E
Intercept Hypothesls 8.060E9 1 8.060E9 | 2739.803 .000
Error S.119E7 | 31.600 2.842E6
Menu_name Hypothesis 7.249E7 3 241667 82.592 000
Error 2721E7 | 93020 | 202548378°
Ratio Hypothesis 5073843.808 1 | 5073843908 31.236 000
Error 5036366.186 31.005 | 162434731
ParticipentNo Hypothesis 9.120E7 31 | 2041982667 13,071 -000
Ermror 4873996.282 21654 | 225084.397°
Menu_name * Ratio Hypothesis 879387.507 3 | 283128.169 1.275 .288
Error 2139E7 | 93026 | 220805551°
g?_u‘_naTNe ¢ Hypathesis 2721e7 83 | 282577.005 1.273 124
articlpentiio Eror 2.13887 93 | 220920.412"
Ratio* ParticipentNo Hypothesis | 5035492, 109 3| 162435.229 707 863
Emor 2.138E7 83.015 | 2208117679
gu\u_nam * Ratio = Hypothesis 2.138€7 83 | 220020412 1.465 .003
aiepentio Emor 776988 | 4349 | 1ssu83220"
a, 1.000 MS(Pam'cipentNo) +9.14E-005 MS(Error)
b. 1.000 MS(Menu_name * ParticipentNo) + .000 MS(Error)
¢. 1.000 MS(Ratio * ParticipentNo) + 8.14E-005 MS(Error)
d. 1.000 MS{Menu_name * P + MS(Ratio * Partic - 1.000 MS; _hame * Ratio * PanticipentNo)
2. 1.000 MS(Menu_name * Ratio * PanticipentNo) + 000 MS(Erron)
1. M5(Menu_name * Ratio * ParticipentNo}
9. 1.000 MS(Menu_name * Ratio * ParticipentNo) + 000 MS(Enrony
h. MS(Emor) *
ab
Expected Mean Squares
Variance Component
Var Var
Var (Menu_name {Menu_name
(Participent A Van(Ratio * * Ratio * Quadratic
ce No’ ParticipentNo ParticipentNo) ParticipentNo) Var(Ermor) Tem
Intercept Intercept,
Menu_name,
154,867 38717 77434 19.358 1.000 atio,
Menu_nama *
Ratio
Menu_name Menu_name,
000 38717 000 19.359 1.000 | Menu“name'*
Ralio
Ratio Ralio,
000 000 77434 18.358 1.000 | Menu_name *
Ralio
ParticipentNo 154.881 38.720 77.441 19.360 1.000
Mene_nae * Ratio 000 000 000 19358 | 1000 | Menu name
Menu_name *
ParticpentNo .000 38.725 000 19.382 1.000
Ratio * ParticipentNo 000 000 77441 - 19360 1.000
Menu_name * Ratio *
Paricentio 000 000 000 18.362 1.000
Enmor 000 000 000 000 1.000
a. For eath source, the £xpected mean square equals the sum ofthe coeficlents in the cells times the v
dratic Term cell,

effects in the Qua

b. Expected Mean Squares are based on the Type Ifi Sums of Squares,

ariance components, phis a quadratic term involving

Page 2
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Estimated Marginal Means

1. Grand Mean

Estimates

95% Confidence Interval

AAMUS

1201.521 1178457 1223 .586

AAMUS_Click | 1192.340 11.243 1170299 1214.381
AAMUS_Curvy | 1223.051 11.243 1201.010 1245.003
Defaut 1484.218 11.285 1462.094 _1506.341 |

Pairwise Comparisons

) £
95% Corl'ljﬁigg?::crzewal for
Mean
[0 (J) Difference (+ 2
J) Std. Error Sig, Lower Bound Upper Bouhd
AAMUS AAMUS_Click 9.182 15.908 1.000 -32.805 51.169
AAMUS_Curvy -21530 15.508 1.000 -63.518 20457
Default 282697 15938 .000 -324:762 -240.631
AAMUS_Click  AAMUS -9.182 15.808 1.000 -51.169 32.805
AAMUS_Curvy 30,712 15.800 2321 72877 11.254
Default 291,878 15.830 .000 -333.821 249,835
AAMUS_Curvy  AAMUS 21530 15.808 1.008 20457 83518
AAMUS_Click 30712 15.900 321 -11.254 72877
Defauk 261,166 15.930 .000 -303.210 -219:122
Default AAMUS 282607 15.938 .000 240.631 324.762
AAMUS_Click 201878 15.030 000 249.835 333.921
AAMUS Curvy 261,166 15.830 .000 219.122 303.210
Based on estimated marginal means
a. Adj for multiple it B

*. The mean difference is significant at the .05 level.

Univariate Tests

D S . o
Sum of
qu. df Mean Square E Sig.

Contrast 7.248E7 3 2416E7 | 153.918 .000
Eror 7.769E8 4949 | 156083.220
The F tests the effect of Menu_name, This test is based on the lineary Ind palwise i among the ginal means.
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Univariate Analysis of Variance

Between-Subjects Factors

A5 EXPERIMENT5: FINAL STUDY

N
Menu_name AAMUS 12989
AAMUS_Click 1208
AAMUS_Curvy 1307
Default 1296
Ratio 60 3171
75 2029
Participent No 1 163
2 163
3 163
4 164
5 164
6 162
7 164
8 162
9 163
10 164
11 160
12 164
13 164
14 163
15 - 163
16 158
38 161
39 163
41 163
42 164
43 164
44 163
45 158
46 164
47 164
48 162
49 160
50 160
51 164
52 163
53 162
54 - 161

Page 1
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A5 EXPERIMENT5: FINAL STUDY

Tests of Between-Subjects Effects

D Variabie-C: fime.
Type Il Sum
Squares df Mean Square F

Intercept Hypothesis 1.313E10 1 1.313E10 | 2666.303 .000
Error 1.527€8 31.000 4.924E6

Menu_name Hypothesis 8.781E7 3 226087 58462 .000
Error 350657 | 93030 | 385503.360°

Ratio Hypothesis 1.082E7 1 1.082E7 9.674 .004
Emor 3.468E7 31.002 1.119E6

P, Hypoth 1.527E8 31 | 4925022.015 4222 .000
Enror 3.673E7 31487 1.166E6

Menu_name * Ratio Hypothesis 543204.284 3 | 181068.085 534 860
Error 3.452E7 | 83034 | 338766.343°

Menu_name * Hypothesis 359567 83 | 386545.548 1141 .263

Participeato Error 3151E7 03 | 338796.015'

Ratio * ParticipentNo Hypothesis 3.460E7 31 | 1118666.205 3.302 .000
Eror 3.451E7. | 93.020 | 338778.465°

Menu_name * Ratio * Hypothesis 3151E7 83 | 338796.016 1479 .002

PatclpentNo Error 113368 | 4844 | 220088382"

2.1.000 MS(ParticipentNo) + .000 MS(Error)
b. 1.000 MS{Menu_name * ParticipentNo) +.000 MS(Error)
€. 1.000 MS(Ratio * ParticipentNo) + .000 MS(Esror)

d. 1.000 MS{Menu_name

+ MS{Ratio * Partici

&. 1.000 MS{Menu_name * Ratio * ParticipentNo) + .000 MS(Error}
. MS{Menu_name * Ratio * ParticipentNo)
¢. 1.000 MS(Menu_name * Ratio * PaticipentNo) + .000 MS{Eror)

1.000 MS(Menu_name * Ratio * ParticipentNo)

h. MS(Eror)
b
Expected Mean Squares’
Variance Component
Var Var
Var {Menu_name {Menu_name
{Participent M Var{Ratio * * Ratio * Quadratic
qurce No) ParticipentNo) | ParticipentNo) ParticipentNo) | Var{Error) Temn
Intercept Intercept,
Menu_name,
154,551 38.638 77276 18.319 1.000 | Ratio,
Menu_name *
Ratio
Meny_pame Menu_namne,
.000 38.638 .000 19318 1.000 | Menu_name*
Ralio
Ratio Ratio,
.000 000 77276 18319 1.000 | Menu_name *
atio
ParticipentNo 154,570 38.642 77.285 18.321 1.000
Menu_name * Ratio 000 000 000 19.319 1000 | Meau_name *
Meny_name * .
ParticlpentNo 000 38,849 .000 18324 1.000
Ratio * ParticipentNo 000 .000 77285 18321 1.000
Menu_name * Ratio *
Particpento 000 000 000 18.324 1.000
Error 000 000 000 000 1.000

a. For each source, the ex)

pected mean square equals the sum of the coefficlents

effects in the Quadratic Tenn cell,
b. Expected Mean Squares are based on the Type lll Sums of Squares.

in the cells imes the variance components, plus a quadratic term involving
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Estimated Marginal Means

A.5 EXPERIMENTS

1. Grand Mean
95% Confidence Interval
Mean Std. Eror_|_Lower Bound | Upper Bound
1629.381 6.806 1616.038 1642.724
2. Menu_name
Estimates
95% Confidence Interval
Std. Emor | Lower Bound | Upper Bound
AAMUS 1586.139 13,612 1550:455 1612.824
AAMUS_Click | 1530.300 13.625 1503.590 1557.010
AAMUS_Curvy | 1571.720 13.572 1545113 1598.327
Default 1829.366 13.640 1802.626 1856.106
Palrwise Comparisons
0 o jon time
95% Confidence Inferval for
ifference
Mean
(l (J) Difference (- e
J) Std. Emor Sig. Lower Bound Upper Bound
AAMUS AAMUS_Click 55.840 19.259 023 5.010 106.670
AAMUS_Curvy 14419 19222 |- 1.000 -36.313 65.151
Default 243227 19.270 .000 -204.086 -192.368
AAMUS_Click  AAMUS 55840 19.259 .023 -106.670 -5.010
AAMUS_Curvy -41.421 19.231 .188 -92177 9.336
Default -299.067° 19.278 .000 -349.949 -248.184
AAMUS_Curvy AAMUS -14.419 19.222 1.000 -65.151 36313
AAMUS_Click 41421 19.231 .188 -8.336 92177
Default 257646 19.242 .000 -308.431 -206.861
Default AAMUS 243227 19.270 000 192.368 204,086
AAMUS_Click 299.067° 19.279 000 248.184 349,949
AAMUS_Curvy 257,646 19.242 .000 206.861 308.431

Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for muttiple comparisons: Bonferroni.

Univariate Tests

D fable-g e
Sum of
Squares df Mean Square £ Sig.
Contrast 6.781E7 3 2.260E7 98.666 .000
Emor 1.133E8 4944 229088.382

The F tests the effect of Menu_name. This test is based on the lineary independent pairwise comparisons
among the estimated marginal means.

FINAL STUDY 109
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Univariate Analysis of Variance, touch, select, ratio

Between-Subjects Factors

N
Menu_name AAMUS 805
AAMUS_Click 803
AAMUS_Curvy 811
Default 786
Ratio 60 1959
75 1256
Participent No 18 161
18 164
20 160
21 161
22 158
23 162
24 162
25 162
26 163
27 163
28 162
29 155
30 161
31 159
32 159
33 163
35 162
36 155
37 162
40 161
Tests of Between-Subjects Effects
D iabe:C S
e il Sum .
of Squares df 1 Mean Square E Sig,__|
Intercept Hypothesis 1.403E10 1 1.403E10 | 2165.001 .000
Error 1.231E8 19.001 6.480E6
Menu_name  Hypothesis 4.848E7 3 1.649E7 26979 .000
Error 3.487E7 57.042 | 611360501 °

a. 1.000 MS(ParticipentNo) + .000 MS(Error)

b..989 MS(Menu_name * ParticipentNo) + .001 MS(Error)

¢. 1.000 MS(Ratio * ParticipentNo) +..000 MS(Error)

d. 1,000 MS(Menu_name * ParticipentNo) + MS(Ratio * ParticipentNo) - 1.000 MS(Menu_name * Ratio * PamupentNo)
e..998 MS(Menu_name * Ratio * ParticipentNo) + .001 MS(Error)

. MS(Menu_name * Ratio * ParticipentNo)

g. 1.000 MS(Menu_name " Ratio * ParticipentNo) + .000 MS(Error)

h. MS(Emor)
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A.5 EXPERIMENT5: FINAL STUDY

Tests of Between-Subjects Effects

: - -
i Lﬁm il Mean Square F Sig. |
Ratio Hypothesis | 2975384.396 1 | 2975384.396 2170 57
Error 2.605E7 | 19.003 1.371E8
ParticipentNo Hypothesis 1.231E8 19 | 6481512.086 4.169 001
Emor 345667 | 22228 1.555E8
Menu_name * Ratio Hypothesis 427793.935 3 142597.978 333 801
Error 244267 | 57.061 | 428031.167°
%“:I‘ﬁ‘ér,?;"t’ﬁo' Hypothesis 3.4B6E7 57 | 61 1550.779’ 1429 081
Error 2.440E7 57 | 428096.098
Ratio * ParticipentNe Hypothesis 2.60567 19 | 1371240.709 3203 000
Error 244267 | 67.038 | 428054.760°
Menu_name * Ratio * Hypothesis 2.440E7 57 | 428096.098 1.285 075
ParticipentNo Ermor 101869 | 2085 | 333063.232"

. 1.000 MS(ParticipentNo) + .000 MS(Error)

. .8999 MS(Menu_name * ParticipentNo) + .001 MS(Error)
. 1.000 MS(Ratio * ParticipentNo) + .000 MS{Error)

. 1.000 MS(Menu_name * ParticipentNa} + MS(Ratio * ParticipentNo) - 1.000 MS{Menu_name * Ratio * ParticipentNo)

MS(Menu_name * Ratio * ParticipentNo)

. 1.000 MS{Menu_name * Ratio * ParticipentNo) + .000 MS(Error)

. MS(Emor}

a
b
€
d
£..999 MS(Menu_name * Ratio * ParticipentNo) + .001 MS{Error)
1.
g
h.

Expected Mean Squa:es"

b

Variance Component

Var Var
Var (Menu_name {Menu_name
(Participent s Var(Ratio ¥ * Ratio* Quadratic
| Squrce No) ParticipentNo) | ParticipentNo) | ParticipentNo): | Var(Emor) Term
Intercept Intercept,
Menu_name,
152.789 38.197 76.394 19.099 1.000 o,
Menu_name *
Ratio
Menu_name Menu_name,
000 38.199 000 19.100 1.000 | Menu_name*
Ralio
Ratio .
000 000 76.384 19.099 1.000 | Menu_name *
Ratio
PatticipentNo 152.835 38.209 76.417 18.104 1.000
Menu_name * Ratio 000 000 000 19.100 1.000 | Menu_name
Menu_name *
ParticipentNo 000 38.225 000 18.113 1.000
Ratio * ParticipentNo 000 000 76.417 19.104 1.000
Menu_name * Ratio *
ParticihentNo {000 000 .000 18.113 1.000
Emor .000 .000 000 .000 1.000

a, For each source, the expected mean square equals the sum cf the coefficients in the celis imes the variance components, plus a quadratic term involving
effects in the Quadratic Term cell. )

b. Expected Mean Squares are based on the Type Il Sums of Squares.
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A5 EXPERIMENTS: FINAL STUDY

Estimated Marginal Means

2. Menu_name

Estimates
-
95% Confidence Interval
Mean Std. Emor | Lower Bound | Upper Bound
AAMUS 2048.576 20.849 2007.698 2089 455
AAMUS_Click | 2108.933 20.841 2068.068 2149.797
AAMUS_Curvy § 2052.804 20.796 2012.029 2093579
Default 2360.160 21.034 2318.917 2401.402

Pairwise Comparisons

iableC o0 fine
95% Confidence Injerval for
ifference
" Mean

0] (J) Difference (- s .
J) Std. Error Sig. Lower Botind Upper Bound
AAMUS AAMUS_Click -60.356 29479 244 -138.181 17.468
AAMUS_Curvy 4.227 29447 1.000 -81.967 73512
Defautt 311583 | 20816 .000 -389,768 -233.398
AAMUS_Click  AAMUS 60.356 29479 244 -17.468 138.181
AAMUS_Curvy 56.129 29.442 .340 -21.597 133.854
Default 251227 29611 .000 -329.308 -173.056
AAMUS_Curvy AAMUS 4,227 29447 1:000 -73512 81,967
AAMUS_Click -56.129 29.442 340 -133.854 21.597
Default 307.356 29579 .000 -385.443 -220.269
Default AAMUS 311583 29.616 1000 233.398 389.768
AAMUS_Click 251227 28611 .000 173.056 329.398
AAMUS_Curvy 307.356 29:579 .000 229.269 385.443

Based on estimated marginai means
a. Adjustment for multiple comparisons: Bonferroni.
*. The mean differénce is significant at the .05 level.

Univariate Tests

~Degendent
Sum of . .
Squares. df Mean Square F Sig.
Contrast 4.948E7 3 1.649E7 49521 .000
Ermor 1.018E9 3055 333063.232

The F tests the effect of Menu_name. This test is baséd ori the lineary.indépendent pairwise comparisons
among the éstimated miarginal means.

Page 3

Summary of Univariate ANOVA for touch pad device and select
task, in experiment s.
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Univariate Analysis of Variance, touch, search, ratio

Between-Subjects Factors

A.5 EXPERIMENT5: FINAL STUDY

N

Menu_name AAMUS 784
AAMUS_Click 807
AAMUS_Curvy 796
Default 787
Ratio 60 1924
75 1257
ParticipentNo 18 162
19 163
20 164
21 158
22 164
23 163
24 161
25 163
26 157
27 162
28 161
28 156
30 153
3 151
32 160
33 153
35 164
36 152
37 156
40 158

Tests of Between-Subjects Effects

iable:C S
Type Hf Sum
of Squares df Mean Square F Siq.
Intercept Hypothesis 2.087£10 1 2.0B7E10 | 2766.938 .000
Error 1.434E8 18.001 7.544€E6
Menu_name  Hypothesis 6.879E7 3 2.293E7 44272 000
Error 2.957E7 57.087_| 517954.143"

a. .999 MS(ParticipentNo) + 001 MS(Error)

b
c
d
e
f.
9
h

..998 MS{Menu_name * ParticipentNo) + .001 MS(Error)

. .999 MS(Ratio * ParticipentNo) + .001 MS(Emor)
. 1.000 MS(Menu_name * ParticipentNo) + MS(Ratio * ParticipentNo) - 1.000 MS(Menu_name * Ratio * ParticipentNo)
..889 MS(Menu_name * Ratio * ParticipentNo) + .001 MS(Error)

MS{Menu_;

name * Ratio * ParticipentNo}

X 1.0b0 MS(Menu_name * Ratio * ParticipentNo) + .000 MS(Error)

. MS(Emor)
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A.5 EXPERIMENT5: FINAL STUDY

Tests of Between-Subjects Effects

0 fable fon time
Type HI Sum
of Squares df Mean Sguare F Sig. |
Ratio Hypothesis | §701350.119 1 | 9701350.113 10.588 004
Error 174267 | 19.010 | 916300.700°
PatticipentNo Hypothesis 1.434E8 19 | 7547884.891 10.224 000
Ervor 7007438.280 9492 | 739244.070°
Menu_name * Ratio Hypothesis 2306855.837 3 768951.946 1.105 355
Error 3.97367 | S7.085 | 696163.085°
g:’rété‘_;:nrpwec' Hypothesis 2.953E7 57 | 51 enoa.ngr 744 867
Error 3.969E7 57 | 696372.642
Ratio * ParticipentNo Hypathesis 1.741E7 19 | 916535.620 1316 210
Emor 3B7IE7 | 57030 | 696274.827°
Menu_name * Ratio * Hypothesis 3.960E7 57 | 696372.642 1530 007
ParticipeatNo Eror 1.375E9 3021_| 455105308"

a..899 MS(ParticipentNo) + .001 MS(Error)
b. .999 MS{Menu_name * ParticipentNo) + .001 MS(Error)
¢..999 MS(Ratio * ParticipentNo) + .00t MS(Error)

d. 1.000 MS(Menu_name * P;

+ o * Partich

e..998 MS(Menu_name * Ratio * ParticipentNo) + 001 MS(Error)
{. MS{Menu_name * Ratio > ParticipentNo)

9. 1.000 MS(Menu_name * Ratio * ParticipentNo) + 000 MS(Eror)
h.

. MS(Ermor)

Expected Mean Squares

ab

)~ 1.000 MS(Menu_name * Ratio * ParticipentNo)

Var Var
{Menu_name {Menu_name
M Var(Ratio * * Ratio* Quadratic
ParticipentNo) | ParticipentNo) ParticipentNo) | Var(Emor) Term
Intercept intercept,
Menu_name,
151.756 37.939 75.878 18.970 1.000 { Rato,
Meny_name *
Ratio
Menu_name Menu_name,
000 37.841 .000 18.970 1.000 | Menu_name*
Ratio
Ratio Ratio,
.000 .00g 75878 18.970 1.000 | Menu_name*
Ratio
ParticipentNo 151.834 37.958 75917 18.979 1.000
Menu_name * Ratio 000 000 000 18.970 1.000 allenu_name .
h . - - ) atio
Menu_name *
PartichenLN_o 000 37.974 .000 168.987 1.800
Ratio * ParticipentNo .000 000 75917 18.978 1.000
Menu_name * Ratio *
ParticipentNo 000 .000 000 18.987 1.000
Enor .000 000 000 .000 1.000

Vartance Component

a. For each source, the expected

effects in the Quadratic Term cel.
b. Expected Mean Squares are based on the Type Iil Sums of Squares.

mean square equals the sum of the coeflicients in the cells times the variance

, plus a q

Page 2

114



A.5 EXPERIMENT5: FINAL STUDY

Estimated Marginal Means

2. Menu_name

Estimates
0 iable:C -
95% Confidence Interval
| Meny pame Mean Std. Error | Lower Bound | Upper Bound
AAMUS 2567.452 24,538 2519.337 2615567
AAMUS_Cliick | 2495.930 24.320 2448245 2543.615
AAMUS_Curvy | 2546.921 24518 2498.847 2594 984
Defautt 2879.808 24.585 2831.603 2928.013
Pairwise Comparisons
0 iableC ion tige
85% Confidence Interval for
rence
Mean
( () Difference (+ ) e
J) Std. Error Sig.” Lower Bound Upper Bound
AAMUS AAMUS_Click 71522 34549 231 -18.686 162.730
AAMUS_Curvy 20532 34.688 1.000 -71.046 112.108
Default 312356 34.736 .000 -404.058 -220.654
AAMUS_Click ~ AAMUS ~71.522 34.549 231 -162.730 19.686
AAMUS_Curvy -50.991 34533 .839 -142.159 40178
Default 383.878 34.581 .000. -475.172 -292.584
AAMUS_Curvy  AAMUS -20.532 34,688 1.000 -112.109 71.046
AAMUS_Click 50.801 34533 839 40178 142.159
Default 332.888 34.721 .000 -424.550 -241.225
Default AAMUS 312.356 34.736 000 220.654 404.058
AAMUS_Click 383878 34581 .000 292584 475.172
AAMUS_Curvy 332.888 34.721 .000 241:225 424.550

Based on estimated marginal means
a. Adjustment for multiple comparisons: Bonferroni.
*. The mean difference is significant at the .05 level.

Univariate Tests

Dﬂnﬂﬂdﬂu{ .Mau'ah E-ngn ﬁ.ﬁgﬂ n‘mg

Sum of

Squares df Mean Square F Sig.
Contrast 6.879E7 3 22937 50.386 .000
Emor 1.375E9 3021 455105.306

The F tests the effect of Menu name. This test is based on the linearly independent pairwise comparisons
among the estimated marginal means.
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