Hierarchical marking menus: menu breadth and aifsirsy. page 1

Hierarchical Marking Menu: menu breadth and axis
shifting

A. van Meeteren

ABSTRACT

In this paper literature on hierarchical markingnue is
analyzed. The conclusion is that authors relate umen
breadth in hierarchical marking menus to straiglatrks
only (menu mode, designed for novice users) antrtba
study had be done on the maximum depth when marks
can havdour directions.

Breadth in marking mode, the mode for experts, is
defined.

Using axis-shift, four basic directions and thiswn
definition of menu-breadth, a circular hierarchical
marking menu (Odyschrift) is developed. Herein tiser
writes in a continuous movement (cursive handwgitin
This makes Odyschrift feasible for text-entry. Some
questions about the use of Odyschrift for textyeratre
discussed.

In Odyschrift, commands have a spatial relation to
eachother, comparable to a chess-board structateels
are indicating the places of the commands in this
chessboard-structure. This structure and theséslabe a
new phenomenon in Human Computer Interaction, which
has impact on subjects as menu organization and
accelerator keys.

ACM Classification: H.5.2 [Information Interfaces and
Presentation]: User Interfaces — input devices and
strategies (e.g., mouse, touchscreen)

General Terms:

Keywords: Hierarchical marking menus, axis-shifting,
menu breadth, text-entry, command structure

INTRODUCTION

Kurtenbach [7] analyzeda“ style of human computer
interaction in which a user “writes” on the display
surfacé (p.3). This ‘writing’ results in marks. Such a
“mark can signal a commah{7] (p. 6). The commands
are presented in menus A“ marking menu is an
interaction style that allows a user to select franmenu
of items [7] (p. 23). Marking menu uses a pie-menu. An
item is selected when the ‘mark’ enters the repradion

of a command in this pie-menu. In lkierarchical
marking menu (HMM) menus can activate submenus.

In the next paragraph we point out that the maximum

depth of an HMM with four basic directions is still
unknown and that breadth is defined from the vidva o
novice.

MENU BREADTH AND DEPTH

Depth

Kurtenbach and Buxton [6] studied expert perforneanc
with HMM in speed and accuracy and the limitatioms
depth and breadth of HMM's.

Kurtenbach and Buxton [6] explored menus from tme
four levels deep, the broadest consisting of twéiems.
Their conclusion was that menus with a breadthoof f
and a dept less than five and with a breadth ditdigss
than three were not error-prone. Fof menus of four
items, even up to four levels deep, the error was then
10%. This is also true for menus of eight itemsta@a
depth of two” [6] p.486, Q2). (underlining by the
author,avm).

Zhao and Balakrishnan [14] stated that the resoiits
Kurtenbach and Buxton [6]ifidicate that in order to
maintain high selection speed and an acceptablererr
rate of under 10% a menu with breadth of four-itgres
level can be at most four levels de@p4] p.1 underlining
by the author, avm).
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Figure 1: Kurtenbach and Buxton [6] p. 485

Kurtenbach and Buxton [6] concludeab to four levels.
Zhao and Balakrishnan [14] interpretedat: most four
levels. In fact the experiment of Kurtenbach anctBn
[6] showed an error rate of 5% for a menu with dtka
four and depth four. The graphic that represehts t
results (sed-igure J gives no indication on which level
the error rate of an HMM with four items per leweill
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surpass 10%. Studies to the maximum depth forMiMH
with four-items per level were not found.

Zhao and Balakrishnan [14]'s interpretation of
Kurtenbach and Buxton [6] prevail in the literature
Examples are:

Ahlstrémet al. [1] wrote that Kurtenbach and Buxton [6]
“showed that users can achieve better then 90% raoyu
using compound gestural strokes to navigate thrawgh
level hierarchies of 64 itemEl]

Ren and O'Neill [11] wrote that Kurtenbach and Buxt
[6] “found that selection performance with hierarchical
marking menus reduces when breadth increases tu eig
or more, or depth increases to two or mofé1]

These authors do not mention that Kurtenbach andoBu
[6] also found that the error rate by navigatiorotlgh a
four-level menu with four items per level is 5% aihet
the fourth level was the highest level investigated

In this state of affairs we conclude that when Otleds
four-items the level whereon the error rate surpad9%
is unkown.

Breadth

HMM'’s have menu mode and marking mode. In marking
mode no menu is displayed. The rationale is thatsus
who know a menu by heart, do not need the assistahc
that menu anymore. The relation between a memu-ite
and its sub-menu-items weakens for a knowledgeable
user. This relation has no relevance for the expert
because he reaches the item in the sub-menu witheut
assistance of the menu. With the disappearanceeafim
presentations for an expert, the number of levelsai
menu-hierarchy is also diminishing for that expert.

Kurtenbach [7] introduced one marking mode, but it
depends on the experience of a user on which blacal
level he can change to marking mode. Therefore, we
investigate grades in marking mode.

Menu-breadth is defined as the number of menu-iteens
level (see e.g. citations from [6] and [14] abové).
hierarchy with less levels (depth) has more breatité
number of commands unchanged. To express the
influence of expertise — less levels needed — onume
breadth, we define the breadth of an HMM menu as th
number of items per levehat are selectable with a
mark as such, including anglesin this definition a mark
can be compound.

In our definition of breadth, breadth is the resoita
calculation. The number of directions for a marypred
by the number of times the marking changes diredtioe
number of parts a mark has). In a formuPa:where x is
the number of directions for a mark, y is the numdblke
parts of a mark. The formula for an HMM-menustruetu
is ¥: z, where z is the depth of the menu-structuree Th
number of directions for a mark is set as consitarthe
menu structure.

Kurtenbach [7] designed and evaluated HMMz

Bailly et al. [2] explored the extention of breadth of
HHM, following Zhaoet al.[14] in their interpretation of
Kurtenbach and Buxton [6]. Baillgt al. [2] started with
HMM 8%:1. Baillyet al.[2] gave each mark in each of the
eight directions seven different forms resulting an
breadth of 56 items. In our notation: Bailgt al. [2]
introduced HMM (8*75:z.

In our definition of breadth there is not only artsition to
the next level of the hierarchical menu (z + 1)t &lgo a
transition between parts of the compound stroke- (LY.

We visualize the transition in marking modeFigure 2
Visualized is HMM 4:1. The circle in the centre is the
starting point for marking. A user can choose ohéoor
directions.

Before starting: y=0,z=0
the first transition: y=1,z=0
the second transition: y=2,z=0
the third transition: y=3,z=1

o y=0,z=0

y=1,z=0

Figure 2: menu in marking mode

&

In Figure 3the transition in menu mode is visualized.

Figure 3: menu in menu mode

Before starting:
the first transition:

y=0,z=0

y=12z=1

In this paper we focus on HMM?>4. We use in this paper
aless technical name for HMM:4 Odyschrift.

In the next paragraph we analyze the transitiomfyoto
y+ 1.
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THE NEXT PART OF THE MARK

Zhao et al. [15] wrote: ‘The advantage of treating
strokes as line segments is that the exact inteshape of
the stroke does not matter...”and “To handle curved
strokes we must also consider curvature, an attelibat
may differ at each point of the stroKaccent in original)
([15] p. 1078).

The solution of Zhaet al.[15] leads to print (pen up after
every stroke). A neutral margin on the left anghtiof
the stroke is a more elegant solution of the prmohihao
et al.[15] mentioned. Inside this neutral margthé exact
internal shape of the stroke does not matteihe
curvature is considered. Van Meeteren [9] chose th
solution. (seéigure §

We explain this figure. IrFigure 5line 7 represents a
mark. The mark has two parts: the first in direct&a and
the second in direction 3a. 9 is the angle betwibertwo
parts. 8 is a margin:Figure 2 schematically shows a
margin 8 within which a deviation from a straigid is
not interpreted as a direction selection.y¢®] p.8/9)

Figure 5: step y + 1 van Meeteren [9]

Delayeet al.[4] did also include a margin in their design
of a continuous HMM: Contrarily to traditional pie
menus, the active areas are not contigious (theran
inactive blank space between two neighbouring
branches), in order to guide the user to make s$ieles in

a more trajectory-like way.”p.2)

A crucial difference between Van Meeteren [9] and
Delayeet al.[4] is that the user selects a direction in [9].
In [4] he is selecting a menu-item, along a trajecthe
menu-item (& more trajectory-like way”)9] focused on
transition y +1, [4] on transition z +1.

For transition y +1 the user confirms the directadnhis
mark when the mark crosses the border of the rleutra
margin. Inside the neutral margin for transitiortl, the
user chooses the direction for y + 2. He leavesthéral

margin for y +1 in the direction needed for y +arF
transition y + 2 the user has to change the dinedf his
marking, otherwise the mark will not cross the leordf
the neutral margin.

In the next paragraph we discuss axis-shift. Akigt$s a
method to force a change of direction, independgnt
menu-structure.

——— preselection aren
- — — —inertioorea

(a} Interaction areas

(b) Branch preselection

,
A4
e

(¢} Entering inertia (d) Leaving inertia
area arei
Figure 2. Interaction areas

Figure 4: Interaction areas (from Delayeet al. [4]
Axis-shifting

Kurtenbach [7] decided to use boundary crossing for
confirmation of transition z + 1. However, boungar
crossing makes the interpretation of marks ambijiou
unscalable. A figure and its caption in Kurtenbd¢h
illustrated this problemRjgure §. The caption:

“Possible interpretations of mark when selectingnfr
hierarchies greater that two levels deep. The gtraline
sections of the mark have no artifacts to indicatether
the selection at that point is being made from pheent
or from the child.”(caption of figure 2.7 p.53)

P e,

Figure 6: figure 2.7 Kurtenbach [7]

Scalability is an important feature of marks, tliere the
best strategy is to disambiguate the mark.

Kurtenbach [7] chosed in his thesis for ‘no catggor
selection’ to disambiguate the mark. ‘No category
selection’ is based on the observation that items which
have subitems are generally categories of commarats,
commands themselves, and selecting a categorytia no
meaningful operatiofi [7] Therefore every straight line
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selects an item from a submenuTtjus, we can consider
any straight line to be a selection into a subniepu51)

[7].

But, this solution is restricted to two-levels meriif
menus require many menu items, and are more than tw
levels deep, axis-shifting must be used. In practige
used no category selection in many situatido(s. 60/61)

[7].

In figure 2.8 (p. 54) (sekigure j in Kurtenbach [7] axis-
shifting is showed. The caption of this figure sdy&xis
shifting rotates a child menu such that child méems

do not appear on the same angle as the parent ribemu
This results in a mark language where selection
confirmations are indicated by changes in anglethwhis
scheme marks can be drawn at any .5i{eaption of
figure 2.8 Kurtenbach [7] p.54).

Figure 7: figure 2.8 Kurtenbach 7, p. 54

We found three publications, wherein axis-shiftused
[9], [4] and [3] .

Delaye et al. [4] used axis-shift“in order to avoid
ambiguity problems by forcing a change of direction
whenever a sub-menu is developed. “,(p(Rgure §

(b) level i+1
Figure 8: axis-shift in Delayeet al. [4]

(a) level i

Figure 9: axis-shift in Van Meeteren [9]

Van Meeteren [9 described axis-shift ashe' starting
directions are ... perpendicular to each other, ahé t
continuation directions are .. turned 45° relatite the

starting directions. In this way an input cycle swts of a
horizontal or vertical starting direction,..., and a
continuation direction deviating therefrom, .. bgiturned
45° relative to the starting directions(seeFigure 9

Buxton and Kurtenbach [3] used axis-shift to avoid
ambigue straight lines. The menu-items are postidne
the central circle (level 1). The items a, b, ¢ dnake not
menu-items on their own, but are specifications tfor
menu-items 1, 2, 3 and 4 in the inner circle. Tenu-
items 1, 2, 3 and 4 can be chosen without spetiits,

by straight marksNo category selectiois not available
in this situation, because menu-items 1, 2, 3 4rate
alreadyno categoriesAxis-shift is their solution: but item
selection has still to end with a pen up event.

~ ~
| 2\ "’ 3 4
<87

ﬁ’da : |{ I{_- |Tﬂ jd
NN N A
4-' w D 2a 2:b 2% 2:d
SO v ¢ o
Fa 3b 3¢ 3d

L\ ~ AN

40 44 4 4:d

MENU HIERARCHY MARK SET
Fie 2

Figure 10: figure 12 Buxton and Kurtenbach [3]

Comparition of axis-shift with no category selectia

In Figure 11a part of Odyschrift is presented. In four of
the presented marksxis-shift is used. No category
selectionis used for the other four marks.

In Figure 11the direction of a mark is indicated with a
letter at the end of each part of the marknéncategory
selection there are four directions: D(or d), R(or r), M(or
m) and F(or f). Inaxis-shiftthere are eight directions: D,
R, M and F for the starting directior®, €, landa for
the continuation directions.

Two of the presentedio category selectiomarks are
inflection-free, namely the horizontal lines Bnd R. Rr
and R differs in length. In R the second part has the
same direction as the first part, ifi fRe second part is in
the reverse direction of the first part. To disagolate
them comparison is needed. The longest markrisTRe
shortest mark isR

Disambiguation is the purpose afis-shift. The direction
after the first part of the mark is nor continuethr
reversed. For example, the mark DO is the markchvhi
goes to the upperleft corner and twist 45° to tipe t
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Figure 11: Comparition of No category selection and
Axis-shift in HMM 42:1

Input-cycles

HMM 4%2 in Buxton and Kurtenbach [3] has 20
selectable ‘menu-items’ (seBigure 10. Four marks
signal a menu-item with a straight line, 16 mar&séone
inflection. The partial Odyschrift irfFigure 11 has 16
menu-items, but all the marks are build in the savag
(seeFigure 12. Buxton and Kurtenbach [3] needpean
up to terminate the signaling. In Odyschrift the usan
continue his writing immediately after completioh @
marking cycle.

O A

l:a I:b ke d
Do De Di Da

N N\ \ AN
2¢ 2b 2¢ 2d D
Ro Re Ri Ra

a

4 /EB\
F i M

v Z (C =&
30 3b '3e 3¢
Mo Me Mi Ma

k S N TN
40 4:b 4 4:d
Fo Fe Fi Fa

1

Figure 12: figure 12 Buxton and Kurtenbach [9]
, adapted for HMM 42%1

Figure 13 shows three marking cycles. The marks in
Figure 13are starting in empty circles. The three menu-
items 2:a, 3:b and 4:c are selected in three mahere
the end of one mark is the beginning of the nextkma
(cursive handwriting}.

The method to terminate menu-item selection in
Odyschrift is Completion of a markThis method is
available, due to the fact that every mark has dtume

L A user can interrupt his writing with a pen up ediéneeded (e.g. to
close to the border) and continue elsewhere onothar time.

number of parts.

Guimbretiere and Winograd [9] also designed cursive
writing with an HMM, by combining HMM with
Quickwriting. Quickwriting and Guimbretiere and
Winograd [9] uses a neutral zone in the center. akknis
finished if the stylus returns to this centre. Frtmre a
next mark can start. A pen up event is not necgssar

Figure 13: Three marks in HMM

The objective of Delayeet al. [9] was to “facilitate
continuous and fluent movements for selecting
commands”p.2).The marks end with the selection of a
command. These ends are not the beginning poina for
secondary selection

In Figure 12the marks have two labels: one indicating the
content of the menu-item, one that informs abowt th
directions of the mark. In the next paragraph wacuwks
this labeling.

LABELING WITH DIRECTIONS

In Figure 10 the labels of the marks are a compilation of
the labels of the traversed menu-items. These dained
supposed to reveal the content of the menu-items. |
Figure 12 an additional labeling strategy is used: the
menu-items are labeled with the composite of thmewa
of the directions made during the inputcycle.

Merit Is compassB:companst N Menu Is compass8:compasss
Select NE- S ™ (3 Selec
Response NE- S Rnponu"i-s

L L ﬁ%

Figure 14: start of a
trial

Figure 15: Figure from
Kurtenbach and Buxton [6]
p. 484

In a figure (p. 484) Kurtenbach and Buxton [6] slkedw
their experiment screen at the end of a trial. Ggere
15). The system displayéethe menus along the marking
to indicate to the subject the accuracy of thesicl
marking” (p. 484) after the marking was completed.
Figure 14is a reconstruction of the start, following the
description of Kurtenbach and Buxton [9].
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To simulate expert behaviorthe system would ...display
instructions describing the target at the top cerdkthe
screen’ (Kurtenbach and Buxton [6] p. 484, underlining
by the author, avm):The system would ask the subject to
select a certain item using a markingkurtenbach and
Buxton [6] p.484) (underlining by the author, avriihe
instruction describes the route to the target.unapinion
the task to select a certain item is reduced foviohg the
instruction given.

Figure 15andFigure 1l4contain the wordselect NE — S.
NE and S are compass directions, but are used ag-me
items (targets) in the experiment. Subjects caokl
easily interpret NE and S as directions. In thatecthey
understood the wordselect NE — Sas theinstruction
draw a mark first to the upper left corner of the screen
and then down to the bottom side, and not astasileto
selectmenu-item S from the category NE. In that case the
dexterity of the subject is studied, but not exetiavior.

Kurtenbach and Buxton [6] simulated expert behaipr
instructing the novice the route to commands omwer t
dimensional surface. In this paper we use this atkth
structurally.

Routes to commands

The hierarchy of piemenus in an HMM form a map; a
map of the commands inside an application.

A A

)

= | “q -
= (lj . - -
| = e —
» t.:]["I < "r["’ -
§ - Y } - )

Figure 16: Map of commands in Odyschrifi

The map of Odyschrift is shown figure 16 In menu
mode, menus function as name-plates for the fdreets’
which lead to the next ‘square’. The user readsehe
‘name-plates’ and decides which ‘street’ leads he t
command he needs. But, a description of the rotlle w
also do. In Odyschrift a user have to ‘pass’ three
‘squares’. The menu-item that represents the cordnsan
labeled with the three instructions needed to cadbe
right ‘streets’.

Delayeet al. [4] proposed to display directed branches
that suggest a path to invoke a commapé| p.2.

Contrary to Delayeet al. [4] we see in theirdirected
branches’not suggestions for the route to a command, but
feed-back to the user to inform him about the dioscin
which he is signaling to the system. In Odyschittifé
function Delayeet al. [4] saw fulfilled by the directed
branches’, is fulfilled by labeling the commands with the
route instruction.

Order of the commands

The commands have labels (derived from the suaaessi
directions of the mark). These labels are systexalhfi
describing the routes to commands. Every commansd ha
its own place in the set of commands.

A part of a mark is signaling a subcommand. The
subcommand divides the collection of menu-itemsitha
connected with the marking direction, in four pantsl
connect each of this parts with one of the next fou
marking directions.

16 4 1 i

16 -

N

16 16 4

Figure 17: Subcommands

D 0 R D C R
DOD | DOR

A E A E
DOF | DOM

F 1 M F 1 M

Figure 18: Circular

D 0 R D 0 R

—DIO —+ DE — =

M

-
m
S
H- o
m

- DA —— DI — ml

F I M B 1 M

Figure 19: Chessboard organization

In Figure 17 the command ‘DOD’ is signaled. Thestfir
dashed D divides the sixteen commands that areglac
in direction D, in four groups of four commands.eTh
system places these groups in the directions @,ad

A. The mark in direction O (Figure 17, middle) ditites
the four DO-commands to the directions D, R, M &nd
The last part of the mark signals the command DOD.

The commands ‘DOR’, ‘DOM’ and ‘DOF’ are neighbours
of ‘DOD’, sharing the same ‘pie’(see Figure 18). We
started reading upper left and read clockwiseptalhg the
convention in our cultufe

In Odyschrift the circular movement is made thritkee

2 The Netherlands
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set of 64 commands is divided three times in fartp In
Figure 18 and Figure 19 the Odyschrift commands are
organized in a more abstract way than in Figurerhés
‘chessboard’ is clearly structured.

In Figure 20 we present our idea for presentatfon o
Odyschrift on a display or a keyboard, deducethftbe
‘chessboard-structure. The chessboard-structure is
stretched in its last winding. The hands and eyesuser
are placed next to eachother. This unwinding of the
chessboard-structure is a tribute to this fact.

der |[ rod[ror | red 7 |[ mod| or | med | mer|[ fod | for [ted [ fer

_ded”| dor

ded

dof [dom def deﬂ rof | rom ref rem mof [ monj| _mef | mem fof fom ffe | fem

dad | dar did d\r—‘ rad rar rid rir mad | mar mid mir fad far fid fir

daf [dam dif dim ‘ raf | ram rif rim maf | ram mif fam | fif fim

Figure 20: Ody-ribbon and Ody-keyboard

Spatial organization

“The primary task for menu designers is to create a
sensible, comprehensible, memorable and convenient
semantic organization{underlining by the author, avim)
wrote Shneiderman 1986 p. 57 [13]. Shneiderman [13]
wrote also: “Menu items should fit logically into
categories and have readily understood meanirj8].

The ‘chessboard-structure’ of Odyschrift is a two-
dimensional menu. In this structure Odyschrift hhe
attributes a menu should have: asefisible,
comprehensible, memorable and conveniemffanization
[13]. The commands will fitogically into ‘categorieq13],

be it that its ‘categories’ are spatial and not aetic.

However, hierarchical organization of a menu hakraav
back: ‘experts already know which commands they want
and where those commands are, but a hierarchical
selection widget requires additional navigation ians
that take more time(Scarret al. 2012, p. 1 [12]).

Scaret al.[12] pointed to alternative command-selection
techniques.. that allow better performance for etge
HMM is one of them. YWhen people become experienced
with marking menus .. they begin to retrieve therem
command using muscle memory rather than visual
search” In the opinion of Scar er al [14]) HMM does not
fit well enough with traditional WIMP interfacesetause
“these systems are most often used with a mousiehwh
can make gesturing (as used with marking menusk mor
difficult. [12]”

Odyschrift is an HMM, but has the characteristidsao
WIMP. Odyschrift allows better performance for exg,
but is also convenient for novices, and in accocdanith
WIMP.

Scar et al. [12]) studied the spatial memory of
knowledgable users. They found thatisérs can
remember the spatial locations of controls withabé
need for hierarchy, implying that hierarchy travakss
inefficient for experienced users(f. 9).

Ahlstréom et al. [1] introduced “square menu”. Square
menus arrange menu items in a square grid. Ahlsabah
[1] concluded that Square Menus offer several pragmatic
advantagesdgbove pie-menusy} including their ability at
any screen location,... their simple layout, and rthei
support for broad structureg[1] p. 1378)

Odyschrift converses her hierarchy of pie menusain
‘square menu’. As such Odyschrift claims the adzges
Ahlstrémet al.[1] claim for ‘square menu’.

The designer can choose to omit a part of the Siteard’

in the menu he designs. In that case he refersh¢o t
‘chesshoard’ by using the three-letter labels.alet,fhe can
omit 63 commands and present one command only with
the three-letter label. In that case he uses Quijs@s
accelerator.

In the next paragraph we analyze Odyschrift asilfeas
technique for text-entry.

TEXT-ENTRY WITH ODYSCHRIFT

A “case study of user behavior with marking menus in a
real work situation”([8] p. 258) is reported. The authors
concluded: 1. A marking menu was a very effective
interaction technique in this setting2. “A user’s skill
with marking menu definitely increases with us&”;The
ability to switch back and forth between menus araaks

is important.” ([8] p. 263)

Ad 1: The setting has to be appropriate.

Text-entry differs from the application used in gtedy.

That application invokedd few commands that are used
frequently, and requirel) a screen location as a command
parameter.” [8] Text-entry invokes many commands and
does not require a screen location as a command
parameter.

The last difference is not essential for the wag tiser
marks.

The difference between ‘few’ and ‘many’ is gradula.
text-entry commands (to produce an alphanumerical
character) are used very frequently. From this
circumstances we defer that Kurtenbach and Bux&n [
itself does not falsify the hypothesis that its dasion 1
hold for text-entry, as well.

Ad 2 and 3: increasing skill and switching betwesanu
and marking mode.

Odyschrift, used for text-entry, will have a menu,
presenting alphanumerical characters. A novice wde
start with using this menu, but transition to axige will

be fluently.

Odyschrift is a cursive handwriting. The user clesosne
of four directions (on-axis). On-axis selections aroved
to be the least error-prone [6].
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These characteristics of Odyschrift make Odyschaift
feasible technique for text-entry. For the timéngethere
is no counter indication.

Breadth of Odyschrift for text-entry

The breadth of partial Odyschrift, introduced esrli
having sixteen marks, will be too small, becauselthtin
alphabet contains 26 characters. An Odyschrift reled
with one step (y = 4) has a breadth of 64 x 4. Thabo
broad when the Latin alphabet is used.

The order of the alphanumerical characters

To write with Odyschrift each mark has to be aptezrnto
a symbol. There are two decisions to make:

1. which order will be used: the order of the weaste
culture from up to down and from left to right dmet
circulair order of Odyschrift and

2. are all Odyschrift characters available?

The answer on the second question is negative. alot
Odyschrift characters are available. Odyschrift barused
in other applications. It is wise to reserve a fdwracters
for common tasks, such as navigation to the root of
hierarchical menu, or to quit the application. Weided to
reserve the characters ‘DOD’, ‘RER’, ‘MIM’ and ‘FAF
being the four characters related to four corndrghe
‘chessboard’. Conclusion: 60 characters are availab

D 0 R
F: e rl l.'! 1
clblg [fls|r|v]|u
[ {mh [1]0] 1] w] x
A gonlk 1 [3|dzZ]VRE
) < [>[4]5]8]9
-Gl L iy 3 * =
i {,ﬁ‘ ‘1; : Rl I
WAL BRI E
F | M

Figure 21: Odyschrift and the Latin alphabet

Figure 21 is our answer on the first question. \8fetthe
circular order of Odyschrift prevail. Our motiverfthis
choise is that the circular order is natural in Sudyift. If
by chance symbols have another (conventional arralt
order, the Odyschrift order has the first prioriging the
consequence of the Odyschrift-technique.

The qwerty-keyboard has a two-dimensional orderlikg,
Odyschrift. A possibility is to use the layout bEtqwerty
keyboard for Odyschrift. This ordening is familtar
many users. That is an advantage regionally and
temporally. A more universal and eternal layoid bar
preference.

CONCLUSION

Analysis of the literature learns:

Kurtenbach and Buxton [6] reported a study. Thelstu
was done on dexterity of users, but not on the atent
process needed in HMM.

A limit in menu depth for HMM based on four diremis
was not proven [6], contrary to the opinon of some
writers [14], [1], [11].

Researchers defined the breadth of an HHM as the
number of inflection free marks an HMM-structuresh@
e.g. [14] and [6])

In our definition of breadth, the breadth of HMM is
dependent on the number of parts a mark can have.

A change in direction during marking is seen as a
subcommand to the system to distribute the actieeun
items over the directions for the next part of thark. At

the end of this process the mark signals one niemo-i
That item is executed.

An essential technique is axis-shift [7]. Axis-$hi§
known in the literature ([7] [3]), but only recénused
in a design ([9], [4].

The result of the theoretical analysis is a mettaosignal
commands in a continuous writing movement. Textyent
is therefore a feasible application of this method.

The commands to a system are organized in a two-
dimensional space. Odyschrift gives descriptionshef
routes to the commands.

FUTURE WORK

Figure 20discloses our next concern. How is Odyschrift
presented on the screen and what will be the oslati
between Odyschrift and keyboards?

Further questions that need answer are:

*  Which functions deserve to hold the corners of
the chess-board structure?

e Of course the user gets feedback from transition
y +1. How?

e What are other applications for Odyschrift? The
fact that the Odyschrift-characters can function
outside the chessboard-structure, just like other
names for objects, should be noted.
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