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ABSTRACT

This document is a project paper about simple mark
hierarchical marking menus. It discusses why these menus
are important, as well as what advantages they offer,
compared to some other types of menus (such aslinear and
pie). In addition, the paper represents two menu designs,
their implementation and evaluation. The results of the
experiments show that action backing-up is an important
feature which increases the selection of multi-level items.
Finally, the paper presents some visual design
improvements which help create a more compact and easy
to use simple mark hierarchical marking menu.
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INTRODUCTION

Menus are part of the user interface of every software
system [1]. They are applied in various devices, such as
personal computers, laptops, PDAS, BlackBerries, and cell
phones. The difference and the limitations of the input
(keyboard, mouse, pen, etc.) and the output (display size,
screen resolution, etc.) of the ubiquitous computing devices
require appropriate menus to be applied, in order to provide
appropriate interface to the user. There are several styles of
menus, considered in the literature — linear, pie (radial), and
marking menus ([1], [2], [3], [4], and [5]). The linear
menus, such as pop-up and pull-down menus, list items
from top to bottom of the window, whereas the pie menus
display the icons in the form of a circle. The “marking
menus are a refinement of radial (or pie) menus’ [3]. The
marking menus, as well as the other two styles, can be
organized in hierarchies, according to the categories of the
items. The marking menus allow the expert users to work
more efficiently, since instead of showing the menu, a
simple mark or a set of marks can be performed, in order to
select a particular item. Different sudies [2] show that the
marking menus are faster, more reliable, and allow smooth
trandtion from a novice to an expert level of usage,
compared to the other menu styles.

PROBLEM DEFINITION

When operating with a hierarchical marking menu, users
perform compound zigzag actions, in order to select an item
from a multi-level menu [2]. As a result, the number of
errors of the selection process has a significant value, “as
the number of levels (menu depth) and items per level
(menu breadth) in the menu hierarchy increases’. This is
caused by the length of the mark that has to be made, as
well as by the close similarity of some marks, which refer
to different items. Furthermore, it is even possible that the
display size of the device does not allow a long compound
mark to be drawn.

All these problems lead to the following questions:

Is it possible to select a multi-level menu item with a
set of simple marks, instead of a compound one?

If yes, then how to represent a simple mark hierarchical
menu?

RELATED WORK

Marking menus have the potential to be used along with or
even as an alternative of the linear menus [1]. The main
reason for this result is that the marking menus provide a
faster selection with a reduced error rate, especially when
the layout of the menu is known by the user [1], [3]. In
addition, the ease tradition from a novice to an expert level
of usage is another big advantage of the marking menus,
which increases the sel ection speed.

However, there is a limitation regarding the number of
items per sub-menu (breadth) and number of sub-menus
(depth) in the marking menu. Compound marking menus,
congtructed as 4 items per level with depth of 4 levels
(4x4), as well as 8 items per level with depth of 2 levels
(8x2), allow fast selection with low error rate [5]. However,
the number of errors increases when breadth and/or depth
of the menu increases.

Tapia and Kurtenbach [3] propose refinements of marking
menus that improve the menu design regarding
“maintaining visual context”, “hiding unnecessary
information”, and “supporting skill development by
graphical feedback”. As a result they achieve a better
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visualization of the menu, which requires less space due to
better organization of the labels, less hand movement, as
well as it provides useful feedback to the user, indicating
how the application understands the completed action. In
addition, the refinement menu hides the upper level, when
an item is selected, which however makes it harder to
perform backing-up.

Zhao and Balakrishnan [2] go even further and present a
hierarchical marking menu, which is based on simple
marks, rather than on compound zigzag actions. They
compare the behavior of two menu designs — compound
and simple mark hierarchical marking menus. The results
show that the simple marks menu alows increasing the
number of items in the menu, because it does not contain
ambiguous marks. Since every action is uniquely defined
by a set of independent marks, overlapping submenus can
be constructed, in order to reduce space for menu
visualization. However, the authors have not investigated
different cases regarding navigation through simple
marking menu.

A mark can be uniquely identified by its length, position,
and orientation [4]. Studies show that the length of the mark
is hard to be remembered. Bull’s eye is an example of a
menu that takes into consideration the length of the mark.
The items of the menu are placed in concentric circles and
an item is selected depending on the length of the mark. In
order to be effective, this menu type must provide
continuous feedback to the user.

Zhao, Agrawala, and Hinckley [4] base their approaches on
both the position and the orientation of the marks. They
introduce zone and polygon hierarchical marking menus in
order to augment the number of items per level in the menu.
The zone menu consists of multiple zone areas. Depending
on the menu, azone might represent one or moreitems. The
orientation of the mark uniquely identifies the desired item
within a zone. The polygon menu is in the form of a
polygon and the number of items depends on the number of
sides of the polygon. “The breadth of an N-sided polygon
menu is 2*N” [4]. Asin the zone menu, the selected item is
defined by the orientation and the position of the drawn
mark. The results of the evaluation of these menu types
show that the breadth of the menu can be increased to 16
items, while keeping high selection performance in terms of
speed and accuracy.

This project paper is based on the idea of [2] to construct a
simple mark hierarchical marking menu, but in addition, it
compares two different navigation styles through the menu
—with and without backing-up.

SIMPLE MARK HIERARCHICAL MARKING MENUS

Motivation

The simple mark hierarchical menus consist of a set of
marks that has to be drawn, in order to select an item from
the menu [2]. When using simple marks, each lineis shorter
than the zig-zag lines of compound marking menu. This

indicates that the error rate of the items selection should
decrease, dueto the length of the mark.

Asdiscussed in [2], the problem with the similarity of some
compound marks should not longer exists, due to the fact
that each set of marksis uniquely defined by the number of
independent simple marks in it, as well as by their
directions.

On the other hand, the independence of the smple marks
allows the congtruction of overlapping sub-menus [2].
Thus, the display size of the device should not be a
limitation any more for small devices that require
visualization and manipulation of multi-level menus.

Design
A simple mark hierarchical menu consists of three main
components:

Sart postion. The start position of the menu is used to
show the menu to a novice user, as well as it indicates
where the beginning of the marking should start;

Items. The items form each level of the hierarchical
marking menu. There are two types of items — atomic
and compound. The atomic item is a selectable item,
which provides a particular command, whereas the
compound one consists of items, representing a sub-
level in the menu. The colors of the atomic and the
compound item are different, so that the user is able to
make a distinction between them. Once a particular
atomic item is selected, it is highlighted in a third
color, indicating that the item is activated;

Smple mark. The simple mark isused in order to select
an item or a sub-menu. Depending on the device, the
mark can be realized with different input devices, such
asapen or amouse.

The actions that can be applied to the hierarchical marking
menu are as follows:

Draw a mark. The type of input device defines how the
mark to be drawn. In case of a pen, the steps are the
following: (1a) the pen is located to the start position;
(24) the pen starts drawing a mark in direction towards
the item that is to be selected; (3a) when the pen has
moved from the start position to outside of the end
boundary of the item, the item is considered as
selected. Similarly, the mark can be drawn by a mouse,
as follows: (1b) the mouse is located to the start
position of the menu; (2b) the event from action |eft
button-down indicates the beginning of the marking; in
addition, the mouse should start moving towards the
desired item; (3b) when the mouse cursor is outside of
the end boundary of the item and the left button-up
event occurs, theitem is considered as sel ected.

Cancel action for mark drawing. The user smply
needsto lift up the pen / release the mouse button. This
action cancels the last attempt of drawing amark.
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Cancel action for item selection. In order to cancel the
whole sdlection, the user should make a short mark
starting outside of the start position of the menu.

Backing-up. Backing-up is an action that causes the last
selected item (if any) to be ignored. |.e. the current
level of the menu becomes the upper level. In order to
do this action, a single dot in the start position must be
drawn —in case of a pen: releasing the pen on the start
position and lifting it up, whereas in case of a mouse:
events left button-down and left-button up (i.e. mouse
click) on the start position of the menu must occur.

For this project, the start position is located in the middle of
the menu; the number of items per menu-level is four; and
the marks arerealized by a mouse.

Two different types of single mark hierarchical marking
menus are designed. The first one allows the actions — draw
a mark, cancel action for mark drawing, and cancel action
for item selection, whereas the second one allows the
actions of the first design, including backing-up. Thus, the
experiments will show whether or not the backing-up
feature is useful; or to start the item selection from the
beginning is a better approach.

IMPLEMENTATION

An application, which represents smple mark hierarchical
marking menus without and with backing-up, is devel oped
in Java, using Java Swing. Figure 1 and figure 2 show the
main window of the program as well as the design of the
simple mark hierarchical marking menu. Figure 3 shows an
example how to perform the menu actions. In addition to
the described actions that can be applied to the menus, the
application is able to navigate the user through the menu
using sound effects. However, the sound-effects are not
used during the evaluation process since the participants are
willing to wait until hear the corresponding sound of the
selected item.
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Figure 1. Main window of the application
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Figure 2. Smple mark hierarchical marking menu
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Figure 3. Actions of the smple mark hierarchical marking
menu

Table 1. Implemented classesin Java

‘ N Class name Description ‘

1 | RunMenu The dtarting class of the
application. It shows the main

window of the program.

2 M enuFrame It represents a window with a

menu.

3 | MenuPanel It is responsible for the
graphical visualization of the
menu.

4 | HierarchicalMenu | It represents the menu as a
collection of items, which are
located on different levels of

the menu.

5 | Menultem It represents an item of the
menu. An item could be
atomic or a compound item

which contains other items.

6 | Experiment It contains functionality,
necessary for the experiments.
In addition, it writes the

resultsinalog file.
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Steps of the implementation
1. Planning of the functionality and the GUI of the
application;

2. Paper prototype of the GUI of the desired
application;

3. Implementation of a simple mark hierarchical
marking menu without backing-up;

4. Implementation of a simple mark hierarchical
marking menu with backing-up;

5. Implementation of
application.

the experiments of the

The developed classes are described in table 1 and their
hierarchy is presented in figure 4.
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Figure4. Hierar chy of theimplemented classes

EVALUATION

Goal

The goal of the evaluation is to show whether or not the
simple marks are an applicable technique in multi-level
menus. In addition, two design models are compared, in
order to anayze and suggest an appropriate set of
functionality that a marking menu should provide.

Experiment

Every menu design checks the user’s ability to navigate in
depth through the hierarchical marking menu. The two
proposed approaches are evaluated using the same set of
start conditions (independent variables). This alows
accurate comparison between the design models.

The independent variables of the experiment setup are:

Items & levels. The design models consist of the same
set and order of selectable items and menu levels — 4
items per level, 3 levels per menu design. A compound
item is represented in blue, an atomic item is
highlighted in dark grey, and a selected atomic item is
colored in green;

Sart position. It is the same for each menu;

Users. The same users test both models. At every step
of the experiment, they are informed what action is
performed/item is selected. After atria completion, the
application displays whether or not it is done
successfully;

Paths. The users are given paths through the menu,
indicating which items should be sdlected. The paths
are the same for both menu designs. Within a design,
the paths specify items, located in different levels of
the menu.

The dependent (observed) variables are the following:

Error rate. The error rate definesif an item selection is
accurate or not. Higher the error rate, lower the
precision;

Time for item sdection. Shows how much time is
needed to select adesired item from the menu;

Number of smple marks The number of marks
indicates how many marks are needed in order to select
an item.

Ten different paths are considered, representing five path
types, as follows: 1-level return, 2-level returns, 2 1-level
returns, and 2 2-level returns. When dealing with a simple
marking menu without backing-up, the return isrealized via
action cance the whole seection, whereas for simple
marking menu with backing-up, the return is realized via
one or more consecutive actions baking-up. Two paths per
path type, requiring different number of marks to be made,
are taken into account. Every path is repeated three times.
The total number of trials per menu design is 30, i.e. 60
trials for the whole experiment per participant.

The subjects, who participated in the experiments, are
graduate students at the Department of Computer Science.
Six subjects were able to take part in the experiments. The
experiments were conducted at my work place at
MADMUC Lab at the Department of Computer Science.
The subjects had the same conditions during the
experiments — computer, mouse, monitor, and the simple
mark hierarchical marking menu application. Before
starting the experiments, the subjects were told about the
possible actions they can perform in the application. In
addition, they were able to practice al actions. The
experiments started when the subjects were ready and after
a small practice period. At the end of the experiments, the
participants were able to give feedback regarding how they
felt about the smple mark hierarchical marking menus
during the experiment phase.

Figure 5 shows the experiment window for simple mark
hierarchical marking menu without backing-up. The user is
informed about the current error rate, the current number of
trial, as well as the current and the destination path. When
the next trial is sarted, the application displays the result of
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the previous trial completion and updates the error rate. A
trial is completed successfully when the current and the
destination path are the equal. The same window appears
for smple mark hierarchical marking menu with backing-
up, but the destination path asks the user to perform action
backing-up, ingtead of action cancel the whole selection.
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Figure5. Experiment: Simple mark hierarchical marking
menu without backing-up

Results

When the number of marks necessary for item selection
increases, the time increases as well. This effect, presented
intables 2 and 3, is observed for both menu designs.

Figure 6 represents the time comparison between the two
menu designs. The results show that although the menu
with backing-up requires more marks to be drawn in order
to perform a specific item selection, it is faster than the
menu without backing-up. The reason for this result is that
it is much easier to perform action backing-up than the
action that cancels the whole selection: Action backing-up
requires a simple dot in the start position of the menu to be
made, whereas in order to cancel the whole selection, the
user must draw a mark starting outside of the start position
of the menu.

Figure 7 represents the error rate comparison between both
menus. The menu with backing-up has a stable error rate
than the other menu design. The reason for thisresult is that
it is more intuitive to perform action backing-up than to
cancel the whole selection and to start the selection from
the beginning. l.e. while performing backing-up, the user
navigates through the menu by levels, whereas when the
whole selection is canceled, the user is more likely to loose
orientation. However, backing-up is not convenient for
repeated returns through the menu, because this increases
the error rate, as shown for 2 2-level of returnsin the menu

with backing-up. In addition a task of such complexity is
not likely to occur in real-world situations.

Table 2. Results without backing-up

Marks | Time, ms | Error Standard

rate, % error, ms
Without | 2 17135 |0 101.2
raun 3 31267 |0 1832
Tievd | 4 52588 | 111 | 6475
return 5 71634 |56 4253
2devd |5 72753 | 111 | 4743
reauns g 86072 | 167 | 5481
2 Llevd | 6 95368 |56 907.3
reaums 5 11,1677 |0 874.8
2 2levd | 8 131663 |56 840.4
rems g 150093 |56 9703

Table 3. Results with backing-up

Marks | Time, ms | Error Standard

rate, % error, ms
Without | 2 13758 |56 66.5
retmn 3 27751 | 0 124.4
Tievd | 4 41251 |0 259.3
return 5 57998 |56 4292
2levd | 6 62959 |0 232.6
rauns = 81920 |56 573.1
2 Llevd | 6 65773 | 0 279.6
reaums 5 80148 |0 452.9
2 2levad | 10 103968 | 167 | 5325
reumns - = 11,7078 | 278 | 4055

Figure 8 represents the error rate comparison between the
participants involved in the evaluation process. The figure
shows that participant #6 has more than 15% error rate for
both menu designs. A comparison of the results obtained
from 5 and 6 participants shows that there is not a
difference in the interpretation of the obtained data. 1.e. the
same characteristics are observed in the diagrams with 5
and 6 participants and the same conclusions can be made.
This means that although the last subject has a higher error
rate, the gathered results do not change the interpretation of
the observed dependent variables.
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Figure8. Error rate comparison between participants

DESIGN IMPLICATIONS

The menus, presented in this paper, alow multi-level item
selection using simple marks. The participants feedback
collected during the evaluation period of the application
suggests that improvements in the menu design must be
done. The observations indicate that the start position of the
marking menu should be enlarged, as shown in figure 9.
This would allow an easer item selection, since the target
item can be reached by a higher number of potential marks.
In addition, the width of the items can be smaller, which
requires a shorter mark to be drawn and alows a faster
selection.

Figure 9. Improved design of ssimple mark hierarchical
mar king menu

CONCLUSIONS & FUTURE DIRECTIONS
Menus are widely used in software applications and are
important part of the GUI of mobile and ubiquitous devices.

Three main types of menus are presented in the literature —
linear, pie, and marking menus.

This project focuses on simple mark hierarchica marking
menus and discuses the following questions:

Is it possible to select a multi-level menu item with a
set of simple marks, ingead of a zigzag mark?

If yes, then how to represent a simple mark hierarchical
marking menu?

The presented designs of a simple mark hierarchical
marking menu show that they are a feasible technique and
can be used for multi-level item selection. The nature of the
simple marking menu alows constructing overlapping
menus, which reduces the required space. Thisis useful for
small screen devices providing limited working area. In
addition, every set of marks is uniquely defined by the
number of marks in it, as well as by their direction. This
suggests that there are no similar marks corresponding to
different itemsin the menu.

However, there is no one correct answer regarding the
second question. As observed, the menu has two important
parts — applicable actions and visudization. This project
discusses four actions as pat of the simple mark
hierarchical marking menu — to draw a mark, to cancel the
current mark drawing, to cancel the whole selection, and to
perform backing-up. Action backing-up increases the
selection speed as well as provides a stable level of error
rate. Since actions backing-up and cancel the whole
selection are independent from one ancther and can be
presented in the menu at the same time, a design that
implements the discussed four actions would be the optimal
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menu design. The user would be able to decide which
actions correspond to their needs and style of work. The
attempt to add sounds at the end of every completed action
shows that the sounds slow down the selection process. The
reason for this result is the fact that the user waits until
hearing the corresponding sound before continuing with the
selection of the next level of the menu.

The second important part of the menu — the visualization,
can be improved. At this point the menu is dtatic, i.e. it is
displayed all the time and at the same location. It might be
beneficial to deal with a dynamic menu, so that the user is
able to show and hide it at any time they need, as well asto
place it on the screen where they fed it would be
convenient to use. In addition, the current design deals with
novice users only. In future, both novice and expert users
should be taken into account.
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