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Abstract

The conceptual structure of menus in small scresuceds is inherently difficult to discover
due to the segmented presentation. A navigatiotesyshat matches the concept structure
facilitates concept structure cognition.
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1 Introduction

"Westerners have a strong interest in categorizatidich helps them to know what rules to
apply to objects in question, and formal logic glag role in problem solving.” [Nesbitt
(2003)] Nesbitt's statement is underlying most useerfaces in mobile devices. The
assumption that users "know" how to follow a patinf a high level to a detailed level to
accomplish a desired task makes such a hierarchinatture acceptable for man-machine
user interfaces (at least in countries dominatedMegtern culture). Interfaces are designed
with hierarchical menu structures to meet the hafriaal mental model of the user [Minsky
(1985/86)]. The challenge for the user interfacéoipreserve the user's mental orientation
within the mobile’s interface at all times. Matchithe display of the hierarchical menu with
the physical navigation methods may help facilitdte user's cognition of the hierarchical
structure and thus sustain his orientation wheningothrough the hierarchy.

2 Hierarchical Menu Structure

The usage of menu offerings in a mobile device ddpeon its purpose or the perceived
purpose that the user has for the device. Fordaeapger it may be text messaging, for the
frail elderly widow it may be a lifeline to a healmonitoring service and for the globally
traveling executive it may be an appointment bat &ind a phone second.

In all cases, in order to accomplish the task thersiwill have to abstract from the specific
task to a high level concept that allows them ewato the hierarchical structure of the
menu and thus to the path that leads to the tadle taccomplished. The user's decision to
"write a text message" will have to be translatetb ia concept representation like

"Messaging" or "Messages", for example. The quest¥hen is my next meeting?" may be

answered by entering a concept called "CalendaiOoganizer".

The same hierarchical menus can be laid out inouarways. A particular user’s mental
model may be met better with one or the other laylouall cases, the navigation capability
should match that of the layout to take advantddbeouser’s pattern recognition capabilities
[Margolis (1987)] to facilitate a successful useperience.



2.1 Stairs Design

In the Stairs design, progression from higher l¢@dbwer level is accomplished by a left to
right and down movement. Selecting an item on @vellsteps the user down to the next
level of detail. For example, the concept “Messagan be subdivided into different types of
messages (voice, picture, text). “Messages” is Higher level concept and the types of
messages are the next lower level or subconcegl [€abré (1992)]. In turn, “Voice
Messages”, which is a subconcept for “Messages’iteasvn subconcepts, “Call Voicemail”
and “Voicemail Number”. When the user selects “\éoidessages” from the “Messages”
menu, he steps down one level to the subconce@ lefv “Voice Messages”. Moving
between items of the same level of detail, for exam“Voice Messages”, “Picture
Messages”, and “Text Messages”, is accomplishedh \hie up/down directional keys.
Moving between concept levels is accomplished iviaselection and back keys.

The challenge to the user is the fact that thestemeach level are collapsed into lists and
only one list is displayed at a time. The usertohamnentally (re-)construct the greater picture
of the hierarchy from traversing the lists and mgvback and forth between levels [Mainzer
(1994)]. In order for the user to stay in contrblhis actions, it is important that the user
knows his place within the conceptual frameworkadlt times. If the user loses that

orientation, frustration sets in and the desira#t taay never be accomplished.

The following table shows a few levels of a hiehactal menu with a limited population of
menu items.

Table 1: Stair Design Menu Layout

Concept Subconcept 1 Subconcept 2 Subconcept 3
Messages
Voice Messages
Voicemail
Call Voicemail
Voicemail Number
Push-to-Talk

Invite Contact
Manage Contacts
Personal Settings

Picture Messages

EMS
Write Message
Read Messages
Manage Messages
MMS

Create Message
Check Messages
Data Account




2.2 Tree Design

In the Tree design, progression from high levelaw level is accomplished by a down
movement. Selecting an item on one level movesusiee straight down to the next level of
detail. For example, selecting “Voicemail” will takhe user to “Call Voicemail”, the left

most item in the next level of detail. Moving betmeitems of the same level of detail or
concept level is accomplished with the left/rightdtional keys.

Table 2: Tree Design Menu Layout

Note: Most texts in Level 3 have been omitted due fxspronstraints.

Messages
Voice Messages Picture Messages Text Messages
Voicemail Push-to- EMS MMS SMS Chat
Talk
Call VoicemaiI
Voicemai Numbe

2.3 Stair/Tree Combination

In some cases the Stair and Tree designs are cedhlithgher levels are shown as tabs and
are navigated from left to right and lower levels hsts that are traversed down/up (shaded
area in Table 3 below). Such a mixed structure beharder to follow since it is a break in
consistency. The designer starts out by followimg @oncept layout and then switches to
another one. Since patterns are not mixed withensmmeen and since each screen, through its
layout, suggests the directional movement, chaacefair that the user will be able to follow
the switch without losing orientation.

However, in some implementations only one set mdatfional keys is available and those are
positioned at an angle that would indicate diaganal’ement. None of the screens in this
combined layout offer diagonal movement, only tejtit for higher levels and up/down for
lower levels. With diagonal directional keys thé&sea clear disconnect between the concept
layout and the navigation which presumably coulsilgdead to loss of orientation on the
user’s part.

Table 3: Stair/Tree Design Menu Layout

Messages
Voice Messages Picture Messages Text Messages
Voicemail Push-to- EMS MMS SMS Chat
Talk
Call Voicemai Invite Contact Write Message Create Message J Write Message Start Session
\Voicemai Number J Manage Contact § Read Message Check Messages | Read Message End Session
Personal Settings | Manage Messages | Data Account Message Draft Alias




2.4 Star Design

In a Star design, two levels are organized in aeotric fashion rather than in a list fashion.
The more detailed level is grouped around its higéeel concept item. To move from the
center higher level item to the surrounding lowevel items the following directional
movements are used: up/down, left/right, diagoeé#lright and up, and diagonal left/right
and down. No scrolling is involved in traversing tmenus. Selection of an item in the more
detailed level will move this item to the center tbe next level of items which will be
surrounded by lower level items again.

The concentric layout allows a one-keypress actessach of the items. To change a
selection it is always possible to travel throupk tenter item so that each item is, at the
most, two key-presses away from every other itegjoiing items can be reached with one
keypress. Increasing the number of circular itemey rbe difficult due to ergonomic
challenges of outfitting a small mobile device kegid with big navigation keys that would
allow more than eight directions of movement.

In addition, the user always sees all items avhlat a specific level at once. It is not
necessary to have all positions filled at all tim@saphical design techniques such as color or
font size can be employed to create a polyfocallays[Leung (1999)]. This technique can be
extended to the navigation system by matching ther of the focal points to the colors on
the corresponding directional indicators on theigetion system. Such additional stimulant
would make the association of menu items with retvdgal direction (or vice versa) even
more obvious. The Star layout also supports smallenbers of items to be grouped around
the high level item. Filling positions around thigher level item should follow ergonomic,
as well as aesthetic rules.

Table 4: Star Design Menu Layout

Call PTT Account Personal PTT Write Short Templates
Voicemail Settings Settings Message
Voicemail Voice Invite PTT Text
Number Messages Contact Messages
Voicemail Launch Manage PTT Read Drafts
List PTT Contact Message
Voice Instant Text Messages
Messages Messaging
Email Messages Templates
Inbox Picture Sent Box
Messages
Write EMS Read EMS Manage EMS
Message Messages
Picture
Messages
Check MMS Create MMS Data Account
Messages Message for MMS

As these three design layout examples show, theralifferent ways to present the same
concept. Each layout has its associated navigagquirements. A break in layout patterns
may cause confusion. A mismatch between layoutravitjation system may lead to loss of
orientation.



3 Navigation

Navigation can be performed through a multitudena¥igation devices: jog dials, rocker
keys, and joysticks, just to mention a few. In &ddj navigation devices can be mounted in
various relations to the display and they can beratpd in different ways.

3.1 Navigation System Location
Navigation systems can be integrated into the dispt installed external to the display.

3.1.1 Below/Above Display

The most common placement of navigation keys iati@ to the display is as close as
possible below the display. This is independenthaf types of keys used. This position
allows full view of the display and one- or two-l&a operation. If the navigation system
matches the concept structure display on the s@asatescribed in the previous chapter, the
learning curve should be minimal for the user. Tker should be able to press the intended
navigation keys without having to spend any cogaitoad on which key to press, nor should
the user visually have to verify finger position.

Actual key implementation varies from distinct keégs each direction to an integrated key
with distinct press locations for each directiord am single key that is anchored in one
position but is pushed to bend into the desireddation (joystick). Anchored keys may come
with a slight learning curve, depending on the 'sserevious experience. In any case,
signage indicating the directional functionalityllvgreatly enhance the discoverability of all
navigation keys.

The same way it is important that the navigatiostesyy matches the conceptual structure, it
is important that the actual navigation keys aex@tl in relation to each other such that they
match the user’'s mapping of directional movemethiwithe plane. Positioning left and right
directional keys above and below each other, up dowin directional keys side-by-side
would not meet this requirement. Mounting the drsgdirection keys at a different radius
from the center than the main directional keys woalso not be appropriate. Such
placements would also create extra challengedéattual operation due to their proximity.

Figure 1: Inappropriate Positioning of Directiokays

In a Stairs/Tree combination design it may be pssible to locate the left/right directional
keys off from the center of the navigation systemvdrds the top. Since the higher levels of
the menu are arranged in a left/right layout, tbeesponding navigation keys are located in
a higher position also.

Jogdisks that incorporate four-way navigation almtlavise and counterclockwise rotation
movement may cause the user to lose orientatioce siatation is not necessarily clearly
associated with left/right or up/down movement. disks may be permissible in Stairs
designs where only up/down movement is possible ratation, therefore, could only be

interpreted as up/down movement. However, it is artgnt to match the traveling

speed/distance of the dial to that of the menustanthe display or the user will not be able
to judge the breadth or depth of the menu strucam@ may lose orientation [Rosenfeld
(2002)].



3.1.2 Side of Screen

Placement of navigation keys on the sidebar ohtbbile device at the height of the display
is also common. Such keys would be in additiondlume adjustment keys that are usually
placed on the side panel. Phones with completegatigh systems on the side most
commonly employ jogdials for this purpose. Thisipos allows full view of the display and
one-handed operation. Up/down movement is achidwedolling the wheel in either
direction. In addition, jogdials can be pushed baukls and forwards. They can be pushed in
(towards the phone) to select a highlighted item.

The position of the wheel next to the display dmelfinger resting on top of the dial provide
the user with a horizontal alignment of all navigatelements. As the finger pushes up, the
dial moves up and the displayed menu moves uprsSiasigns that are characterized by the
up/down movement will be easy to use with a sidgi@. However, the constraints that
were listed earlier for jogdisks also apply to j@ds, travel distance/speed of dial and menu
need to be synchronized.

The backward/forward movement of the jogdial canmetessarily be easily matched to the
left/right movement that is required for Tree andrSlesigns. It may be possible to adjust the
left/right structure of the menu through a thremelsional menu structure layout design.
Moving to the right may then appear as bringing tiext item into focus by moving it
forward. The forward push on the jogdial could supphis design. Moving back, however,
would then imply to put the item in focus into the&ckground and that will not be the case, it
will simply bring the item to the left into focudn some jogdial implementations, the
backward push is assigned “going back one leveltichvfits the mental model much better.
To match a side-mounted jogdial to a hierarchicahmstructure will require extra graphical
design work and still provide only limited matchidgectional navigation.

A backward/forward movement which is associatechvigaving the plane and entering a
three-dimensional space, in most cases, will ontgrea user’s navigational expectation and
experience once all directions in the plane havenbexhausted. Since all directional
movement in a Star design is in the same spatatepla forward/backward directional
movement does not seem appropriate for such ardesfer.

3.1.3 On Back Cover

Navigation systems on the back of mobile devices rare, if they exist at all in actual
commercial implementations. This may be due tohiga risk of physical damage and high
potential for unwanted usage due to its likely prsion from the back surface.

Placement of navigation keys on the back of theilaatevice at the height of the display
allows one-handed and two-handed operation. Operadf a rear-mounted navigation
system prevents obstruction of the display bulsib @revents the user from visually verifying
finger position. Apart from the fact that the naatign system is visually “hidden” from the
user, there is no difference in the up/down nawgabetween a rear-mounted and a front-
mounted system. However, when it comes to leftfrigbvement, the directional movement
of the finger and that of the layout are mirroré€te finger moves to the right of the center of
the navigation system to activate the key that @auabve left in the menu system and vice
versa. For many users mirror image side-to-sideasaonay feel quite natural and can thus be
performed without difficulty. The same is probabiye for mirror-imaged diagonal moves.

3.2 Navigation System Types
There also exists a relationship between direciwhthe types of navigation devices.



3.2.1 Push Buttons

Most small-screen mobile devices are equipped widlvigation systems consisting of
distinct, single direction keys or integrated keyscombinations of these two types. This
category includes joysticks and all other non-maés&nttons or keys.

Keys of this type can easily be positioned to nibetuser's mental model of directional
navigation within a single plane. A button press#sily translated into a one-step move
within the menu layout. The directional advancemémdt the key indicates and the
directional movement in the menu structure canlyeés made to match. Physical travel of
the finger among the discrete keys or within thegnated key and the number of key presses
in those locations are additional parameters teatsuincorporate when (re)constructing the
underlying breadth/depth of the concept structure.

3.2.2 Roller

Wheels are usually only used for up/down directibn.cases where more directions of
navigation are needed, they are supplemented wgthate directional keys. Wheels that are
used for scrolling only, i.e. those that are modras flat disks usually incorporate directional
keys. All wheels have the potential to overshoet tdrget because they spin faster than the
software can follow, thus embodying the risk thme tiser may lose orientation.

Sliders are usually not installed as directionaligation buttons, instead they are used to
manipulate features like sound volume. Due to thet fthat another step of forward
movement can only be achieved by pulling the slmbeak first, it is not suited for directional
advancement. The physical movement of the buttonldvandicate movement in place
whereas the highlighted location within the menuctre would move.

Roller balls or track balls have no inherent dedirdérection and could therefore not be
utilized to their potential in a structured up/dowaft/right navigational pattern. In Star
designs a roller ball would be more appropriatee @istribution of items within a single
screen supports movement in many directions. Motheghighlight freely, i.e. not following
an established directional pattern, may not haseyaificant negative impact on the user’'s
orientation, since the free movement is kept wittia same level of the menu structure.
Operation of a roller ball versus dedicated dimttkeys may have a negative impact on
navigation speed, however.

3.2.3 Point/Touch

Touch screens that are either operated with asstyfuwith a finger cover up part of the
display when the stylus or finger is moved to tlsiced location on the screen. Having to
move the hand away to see the entire next screscorthects the movement from the
underlying structure. The “circle and pick” opeoatithat is performed for each screen
requires constant refocusing on the movement jtsg¢lthe same time interfering with the
total view, which can easily result in a loss aeatation for the user.

Touchpads are usually only used in larger mobildods like PDAs and they are mounted
external to the display, thus combining the begdidit externally mounted navigation keys
[see 3.1.1] and of the roller ball [see 3.2.2]. e devices with larger displays usually
allow for a larger number of items to be displayedthe screen. The unlimited directional
movement of a highlighter/cursor by means of aerdblall would allow for fast travel within
the plane and the mounting of the touchpad (prefgrdelow the display would not obscure
the view of the display.



3.2.4 Voice

Traversing a menu system by voice can either be dynusing a set of commantigjether
with the fixed terms for the menu items to be asedsor in a natural language dialog.
Example:

Fixed Commands Natural Language Dialog
Go toPhonebook Call Jim’s mobile number
Selectlim

Call Mobile

Navigation by fixed voice commands requires nolydhat the user memorize the commands
but to also memorize the exact menu terms. By memgr those items, the user
inadvertently will also familiarize himself with ¢hmenu structure. In other words, the
navigation system is of no significance, becauseufer memorizes the menu and navigates
independent of any visual or physical contact wither the display or the navigation system.

In a natural language dialog, there is no needhieruser to memorize either menu structure
or commands. The phone will interpret the spokerdvemd translate them into the necessary
navigation of the menu. Such an implementation doefs necessarily require a match
between navigation system and menu structure, $iecaser is not actually doing any of the
traversing manually. The limitation in such a sgsie that the user needs to know what the
device can do and cannot do. Otherwise the phoneretuest too many clarifications from
the user or the user may demand circular movemewsloading or crashing the system.

4 Conclusion

Matching the menu structure with a navigation gyswéll lessen the risks for confusion and

loss of mental orientation. Instead, the two wadinforce each other and allow the user to
always feel confident that his actions will leadnhto the desired task in a known and
obvious way. To maximize ease-of-use experienc¢h®iuser, the development of the menu
structure and of the navigation system need to/behsonized.

As a general rule, it is important for the userasociate activity on the display with
movement within the navigation system. The moreals/the match, the more in control the
user will feel.
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