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ABSTRACT

We introduce semantic pointing, a novel interaction tech-
nique that improves target acquisition in graphical user inter-
faces (GUIs). Semantic pointing uses two independent sizes
for each potential target presented to the user: one size in
motor space adapted to its importance for the manipulation,
and one size in visual space adapted to the amount of infor-
mation it conveys. This decoupling between visual and mo-
tor size is achieved by changing the control-to-display ratio
according to cursor distance to nearby targets. We present
a controlled experiment supporting our hypothesis that the
performance of semantic pointing is given by Fitts” index of
difficulty in motor rather than visual space. We apply se-
mantic pointing to the redesign of traditional GUI widgets
by taking advantage of the independent manipulation of mo-
tor and visual widget sizes.
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INTRODUCTION

Pointing is a fundamental task in graphical user interfaces
(GUIs). To help manage the growing complexity of soft-
ware, such as the increasing number of toolbars and menu
commands, the HCI literature has introduced new interac-
tion techniques that attempt to reduce pointing time. This
paper explores the idea of assigning two separate sizes for
objects in the interface: a visual size for display, and a mo-
tor size reflecting the importance of the object for interac-

*projct InSitu — Péle Commun de Recherche en Informatique du
plateau de saclay — CNRS, Ecole Polytechnique, INRIA, Université
Paris-Sud.

tion. We hypothesize that task difficulty depends on the mo-
tor, not visual size of objects, and control the motor size by
adapting the control-display (C-D) ratio. We call this tech-
nique semantic pointing, since motor sizes are used to reflect
the local semantics of the screen.

Fitts’ law [7] is widely used to design and evaluate inter-
action techniques and input devices [16]. It links the move-
ment time (M7) to acquire a target to the task’s index of diffi-
culty (ID). ID is the logarithm of the ratio between the target
distance (D) and its width (W). MT is a linear function of
ID characterizing the system. The implications of Fitts’ law
have been used in several techniques to facilitate pointing
tasks by enlarging the target or by reducing its distance [5,
2, 18, 6, 23).
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Figure 1: C-D ratio as a function of mouse speed
(a) constant C-D ratio (b) mouse acceleration

Control-display ratio adaptation [13, 22, 6] is another ap-
proach for facilitating target acquisition. This technique im-
proves pointing performance but has not been analyzed in
terms of Fitts’ law, and its possible use in real GUIs has not
been fully explored. The C-D ratio [17] is a coefficient that
maps the pointing device physical displacement to the re-
sulting on-screen cursor movement in a system where there
is an indirection between the pointing device and the display
(typically with a mouse). The C-D ratio defines the distance
the mouse has to cover in the physical world (dx in meters)
to move the cursor on the screen by a given distance (dX
in pixels)!. The C-D ratio is dx/dX. A typical C-D ratio
adaptation is the so-called mouse “acceleration”. The cur-
sor moves over a larger distance when the mouse covers a

"We use the following conventions: capital letters denote quanti-
ties (e.g. distances) concerning the screen, and lower case letters,
the physical world. For distances, we use two different units (pix-
els and meters respectively) to help understand ratios that would
otherwise be dimensionless.



given amplitude more quickly (Figure 1), capturing an in-
tention: when users move the physical device fast, they typ-
ically wish to go further, so the cursor can be displaced even
faster to cover the distance more quickly. Other techniques
use C-D ratio adaptation to [acilitate pointing tasks [13, 22].

After reviewing previous work on facilitating target acqui-
sition, we describe semantic pointing and predict it’s effect
on pointing performance in terms of Fitt’s law. We then de-
scribe a controlled experiment that tests our predictions. Fi-
nally, we illustrate potential applications of semantic point-
ing to GUI design.

RELATED WORK

Growing Target and Shrinking Distance

With respect to Fitts’ law, there are two simple ways to re-
duce the difficulty of a pointing task: enlarging the target or
moving it closer to the cursor. Both have been explored in
several ways. A widely-used direct application of this prin-
ciple is contextual pop-up menus. Such menus are displayed
at the cursor location so that distances to the items are mini-
mal. Pie menus [5] are even more radical: the distance from
each menu item to the cursor is constant and very small. The
distance can also be reduced by moving the potential targets
of a directed movement towards the cursor, as in the drag-
and-pop technique [2].

Another approach consists of modifying target size when the
cursor is close enough. This can be achieved by magnifying
the target [18], or by adding a “bubble” around it [6]. Eval-
uations and comparisons with other techniques [22, 6] show
that target resizing facilitates pointing even if the expansion
is late and unpredictable [18, 23]. The problem in applying
such techniques to real GUIs is that in order to expand a tar-
get surrounded by other possible targets, its neighborhood
must be shrunk and the magnified target then moves when
the expansion focus changes [11]. As a consequence, no
performance improvement can be observed for systems like
the Mac OS X Dock [18, 23]. More generally, techniques
that dynamically change the screen layout cause a spatial
disorganization that limits their expected benefits.

Adaptive Control-Display Ratio

The C-D ratio is the ratio of the movement of the input de-
vice and the movement of the object it controls. The C-D
ratio can be a constant (Figure la) or, as in mouse “accel-
eration”, a function of mouse speed (Figure 1b). In order
to improve target acquisition, the C-D ratio is typically a
function of cursor position [22]. Increasing the C-D ratio
when the cursor is within a target makes, at constant mouse
speed, the cursor slow down: covering the same number of
pixels requires moving the mouse by a longer displacement.
Figure 2 illustrates this technique in one-dimensional (1D)
space. The slope of the function mapping the screen to the
physical world is the inverse of the C-D ratio. Within the tar-
get (shown as a thick black line), the C-D ratio is increased.
Since the cursor stays longer within the target, it is easier for
the user to acquire it.

Swaminathan and Sato [21] concluded that in the context
of large displays “nonlinear mappings are too counterintu-
itive to be a general solution for pointer movement”. How-

ever such non-linear mappings have been successfully ap-
plied to 3D rotations [20] and 3D navigation [4], and most
studies on pointing with C-D ratio adaptation [13, 22, 6]
show a performance improvement. However, the effects of
C-D ratio adaptation have always been interpreted in terms
of feedback —"sticky” icons [22], pseudo-haptic feedback
[14] —and have not been analyzed in terms of Fitt’s law.
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Figure 2: C-D ratio adapted to a target

Fisheye Views and Zoomable Space

As explained below, C-D ratio adaptation can also be in-
terpreted as a dynamic magnification of the physical motor
space where the mouse movements take place. This relates
to fisheye views and zoomable interfaces that use a local or
global magnification of the visual space.

Fisheye views locally distort a visualization by magni-
fying a particular point—the focus—and contracting its
neighborhood —the context—according to a degree of inter-
est function based on a priori importance and distance to
focus [8]. It has been applied to a variety of contexts and
its impact on pointing as been studied [11]. As noted above,
such techniques expand target sizes but the movements re-
sulting from a moving focus impair target acquisition [18,
23]. Even fine-tuned versions of fisheye views do not com-
pete with other techniques: hierarchical menus are better
than fisheye menus [3], flat representations are better than
distorted ones for focus targeting [11].

[garashi and Hinckley’s navigation technique [12] uses
speed-dependent automatic zooming to enhance scrolling. It
manipulates view magnification to keep a constant optical
flow while scrolling at variable speed. Evaluations did not
show a quantitative benefit on task completion time. This
may be because the magnification level is chosen by the
user—even indirectly through the scrolling speed—and so
does not automatically adapt to the task.

Furnas and Bederson introduced space-scale diagrams [9]
to represent zoomable interfaces. Using a metric on
trajectories—the amount of information needed to define
them—they predict optimal trajectories and observe that
they match those empirically chosen by users, a fact con-
firmed by Guiard et al. [10]. Optimal trajectories have a
scale adapted to the distance to the target: as the cursor ap-
proaches the target, the visual space is magnified, the cur-
sor thus gains precision while slowing down in target space’
(Figure 3).

2 . . .
“The target space is not directly the screen space because magnifi-
cation introduces a scaling factor.
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Figure 3: Space-scale diagram
The trajectory shown in black illustrates scale as a
decreasing function of target distance.

In summary, many researchers have used, explicitly or im-
plicitly, the effects of C-D ratio adaptation to improve point-
ing performance, yet there is no unified approach for under-
standing these effects.

SEMANTIC POINTING

Semantic pointing relies on the following hypothesis: the
difficulty of a pointing task is not directly linked to the on-
screen representation of the task, but to the actual difficulty
of the movement performed in the physical world to accom-
plish it. We first show that C-D ratio modification can be
interpreted as a manipulation of the relative sizes of objects
in visual and motor space. We then describe how semantic
pointing computes the C-D ratio as a function of a context
known to the system, namely, the distances from the cursor
to potential targets.

Control-Display Ratio as Motor Space Magnification

The C-D ratio defines the ratio between distances for the
physical device and distances on the screen, or how the mo-
tor space is projected into the visual space. If the C-D ratio is
a constant, for a 1D world this projection is a linear function
linking motor space (x in meters) to visual space (X in pix-
els) as illustrated in Figure 4. The slope of this function—in
pixel.m™"' —is the C-D gain and the inverse of this gain—in
m.pixel ' —is the C-D ratio.
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Figure 4: C-D ratio as motor space scale
(a) low C-D ratio (b) high C-D ratio

When the C-D ratio is low (Figure 4a) the motor space is
contracted compared to a higher C-D ratio (Figure 4b). In
fact, the C-D ratio can be seen as the motor space scale rel-
ative to the visual space (called simply “scale” in the rest of
the paper). At low scale, movement to acquire a target is
short but target size is also small. On the other hand, at high
scale, the target distance is longer but the accuracy needed to
acquire it is reduced. In any case the task difficulty remains
the same since it is characterized by the non-dimensional
ratio D/W which is insensitive to a uniform scaling. In
other words, uniform scaling does not affect pointing task
ID. This illustrates the trade-off between target distance and
target size [17].
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Figure 5: Context-dependent motor space scale

The principle of semantic pointing is to dynamically adapt
the motor space scale to reduce both target distance and the
accuracy needed to acquire it. The idea is to choose a low
scale, adapted to the task extension D, when the cursor is
far from any goal (Figure 5a) and to choose a high scale,
adapted to the task precision W, when the cursor is close
enough to the target (Figure 5b). So, without changing the
visual layout, the target is both closer and bigger in motor
space.

Motor Space Deformation and Local Information Density
Instead of interpreting the contextual C-D ratio adaptation
as the dynamic change of a linear function slope, we can
interpret it as the local slope of a certain non-linear func-
tion. This is equivalent because the scale is only a func-
tion of position. As in a fisheye view, scale becomes a local
property: some areas are expanded while others shrink. The
scale function can be chosen so that the resulting distorted
motor space has the following property: important areas for
interaction, such as pointing targets, are bigger while non-
important areas, such as empty space, are shrunken (Fig-
ure 6). In empty space, accuracy is less necessary than
speed, while near a possible target, accuracy becomes more
important than speed. The distortion is then consistent with
the objective of aiding target acquisition.
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Figure 6: Non-uniform motor space scale

This “need for accuracy” is not uniform across the screen
and depends, for each pixel, on whether it is part of a poten-
tial target, e.g. a button or icon, or part of empty space,
e.g. a window background. As noticed in a companion
paper [1], there is a mismatch between the abstract selec-
tion task and a pointing task on screen. Selecting an icon
on a typical desktop consists of pointing a 48 x 48 pix-
els target on a 1600 x 1200 pixels screen, i.e., providing
log, (1899=1200y ., 10 bits of information to the system. For
the user as well as for the system however, the real infor-
mation is only the choice of one icon within those present
on the desktop. Choosing one icon among a set of 64 only
requires log>(64) = 6 bits of information®,

*Those bits can be understood by thinking of a binary search: the
target is (or not) in the first half of the set. This boolean is one bit
of information and now the target is in a known set of 32 icons, efc.



By making scale dependent on pixel semantics, semantic
pointing makes important pixels bigger in motor space, and
thus helps to reduce the mismatch between the abstract task
of selection and its execution. By using information that is
normally known to but ignored by the system, namely the
potential targets, the amount of information the user need
provide to the system is reduced. The local “need for accu-
racy” is in fact a local information density expressing how
much each pixel is relevant to the manipulation.

Scale Formulation

The simplest scale function that magnifies the pixels within
a target pixels is a step function (Figure 7). It can be defined
using the rectangle function:

(u) = { L for|ul <3

0 otherwise

For a target of size W at coordinate D the scale is then*:
(l__ (X D))‘}‘S I-I(X D)

The first term of the sum takes the value 1 in empty space and
0 within the target whereas the second term takes the value
§ within the target and 0 outside. A generalized version for
multiple targets is:

scale(X) =

scale(X) =

17211(" W)+ 3 S x (A2,
§

where D,, W, and S, are the position, size and scale of the
nth target (Figure 7).

scale (m.pixel )
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Figure 7: Scale as step function

Index of Difficulty in Motor Space

Since in a 1D world there is only one possible path linking
two points, the target size in motor space can be computed
by integrating the scale function over the target:

D+ ¥
wo= fp_% scale(X) dX
= SxW

This size is the area of the grayed rectangles of Figure 7. If
there is only one target® we can similarly compute the target
distance in motor space:

d

Ji scale(X) dX
(D-%)+sx¥%

4X — D is the distance from the cursor (X) to the target (D) in a
ID world. In higher dimensions, X — D must be replaced by the
euclidian distance to the target.

SThe influence of distractors will be discussed later.

The first term of this sum corresponds to the target distance
in empty space and the second term to the supplemental dis-
tance added by the magnification of the target as the end of
the movement runs across half of it. When D is small, the
first term becomes negligible because the section of D that
overlaps empty space tends toward zero whercas when D is
much larger than W /2, the second term becomes negligible.
We can now predict the index of difficulty of the task® in
motor space (id) as a function of the usual index of difficulty
in visual space (/D) when the scale of the target is S:

id = log %)
DWW /2
U loga($85) = 1D
D>W /2

= logz(m :[D—[ng(s)

For difficult tasks (when D is much larger than W /2), the
task difficulty is reduced by the number of bits of the motor
scale. Figure 8 shows the resulting gain for a motor scale of
2 and 4. It shows that, for large /Ds, the difficulty in motor
space gains one bit each time the scale doubles.

id s=1
6 - §=2
S=4
4 4
2
2 4 6 ID

Figure 8: Index of difficulty in motor space

Bell-Shaped Mixing Function

Instead of using a simple rectangle function (IT), we use a
bell-shaped function () as a mixing function to avoid dis-
continuities in the scale function. Figure 9 shows the differ-
ences between IT and Q.

1 43

= target

Figure 9: Mixing functions
The bell function avoids discontinuities in the scale.
The grayed surfaces have the same area.

Like II, € has been chosen to be compliant with the follow-
ing fundamen[ai requirements: correctly scaling the targets,
ie., f ] /2
when outside a target, i. e, f1/2 (1) du < 1 for example:

- In(3)
~ cosh?(In(3) x u)

5We chose Fitts” formulation of the 7D, rather than Shannon’s [15],
for the sake of convenience (analytical calculations are thus possi-
ble). It should be mentioned that this option has no effect on the
bottom line of our argument.

Q(u) du = 1, and rapidly decreasing towards zero




This particular function was chosen because its integral can
be computed analytically. The scale function then becomes:

scale(X) = (1 — z Q(X&ED‘ ) + ES'_ ” Q(x‘—vf)f ,
! 1

and the relationship between id and ID has the same charac-
teristics as with the rectangle version (Figure 8).

EXPERIMENT
We conducted a controlled experiment to evaluate the bene-
fits of semantic pointing as predicted by our analysis.

Task

Participants had to perform successive 1D discrete pointing
tasks. They had to move the cursor, represented by a one
pixel thick vertical black line, to the start position marked
by a gray rectangle on the left of the screen, rest there for
0.5 s, start moving to the target—a blue rectangle —as soon
as it appeared on the right, and click it (Figure 10).

slart area cursor targel

Figure 10: Screen layout

After each click, a signal indicated whether or not they
missed the target. After each block, their error rates were
displayed and they were encouraged to conform to a nomi-
nal 4% error rate by speeding up or slowing down.

Conditions & Procedure

The first (control) condition held the scale constant, so the
motor task was exactly the same as displayed. In the sec-
ond (double) and third (quadruple) conditions, the scale was
adapted accordingly to our model so that the target size was
either doubled and quadrupled in motor space. We used the
bell-shaped mixing function.

Five IDs (4, 5, 6, 7 and 8) and two sizes (D =512 or 1024
pixels) were used, giving ten possible tasks. Each condition
repeated each task 10 times, resulting in a total of 100 tri-
als presented in pseudo-random order. This series consisted
of every possible successive pair of tasks counter-balanced
to account for order effects. This series was split into two
blocks of 50 trials each (A and B).

Each participant performed in this order six blocks of tasks
(two for each of the three conditions): AO (block A, condi-
tion 0), Bl, A2, B0, Al, B2. The six permutations of the
conditions order were repeated for pairs of subjects. Each
block was preceded by 10 randomly-chosen tasks using the
same condition to train the participants. This was chosen af-
ter a pilot study suggested that, after ten trials, the movement
times were stable.

Subjects

Twelve unpaid adult volunteers, 11 male and onc female,
aged 27.2 years on average (SD = 6.10 years), served in the
experiment.

Apparatus

The pointing experiment was conducted on a 22-inch 1600 x
1200 resolution color monitor, using a Wacom Intuos 12x 18
inch digitizing tablet with a puck. The baseline C-D ratio
was set at the screen resolution (1em on screen for lem in
motor space) and the system had no mouse acceleration.

RESULTS

The effects of semantic pointing are explored by analyzing
three dependent variables: reaction time (RT), movement
time (MT), and error rate (ER). Repeated measures analyses
of variance were performed on these three variables. We an-
alyzed the effects of the three factors (3 conditions, 5 index
ol difficulty, and 2 sizes) within participants.

Non-Significant Effects

Effect of the Task Size

No effect of the task size (D) on the three dependent vari-
ables was found to be statistically significant. This is con-
sistent with Fitts’ law and our model: both state that the
performance of target acquisition is a function of the non-
dimensional ratio D/W. The size effect is thus neglected for
the rest of the analysis, and the following plots merge the
two task sizes for each ID.

Effect on Reaction Time

The reaction time (RT) was about 253 ms on average with
small variations (SD = 75.76 ms). RT grew slightly with the
task index of difficulty but this effect was not statistically
significant. No significant difference was found among the
three conditions.

Semantic Pointing Effect on Task Completion Time

The movement time (MT) as a function of the index of diffi-
culty (ID) is plotted for the three conditions in Figure 11.
There was a significant effect of condition (F233 = 5.35,
p =.0097) and ID (F4 55 = 30.04, p < .0001) on MT but no
significant interaction between the two factors was found.
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Figure 11: Movement time vs. index of difficulty



As predicted, the benefit of semantic pointing first grows
with /D before remaining almost constant for difficult tasks.
The maximum relative gain on task completion time is ob-
tained for /D = 6 but for /D > 5 the MT reduction is at lcast
109% (10.9% on average) for the double condition and at least
15% (16.9% on average) for the guadruple condition.

1600
1500
1400 /
1300 | ;
‘g 1200 £
~— 1100
=
Z 1000
-+~ controle
900 -« double
800 ! -« quadruple
700
600
1 2 3 4 5 6 7 8 S

Figure 12: Movement time vs. motor index of difficulty

Figure 12 shows movement time as a function of index of
difficulty in motor space (id). If our hypothesis that the per-
formance of semantic pointing is given by Fitts” index of dif-
ficulty in motor rather than visual space is correct, the three
conditions should be superimposed, which is nearly the case.
However, we can note that for the quadruple condition, the
benefit of semantic pointing is less than that predicted by the
model. The study of the error rate will provide us with an
explanation of those slight differences.
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Figure 13: Error rate vs. index of difficulty

Effect on Error Rate

The participants were told to conform to a nominal 4% er-
ror rate (ER) on each block. The mean ER is in fact 4.26%
but the differences between the three conditions are signifi-
cant (Figure 13). On average, the ER was 6.2% in the con-
trol condition, 4.25% in the double one, and 2.35% in the
guadruple one. The double and quadruple conditions were
more accurate than the control one for every ID, and, except
for ID = 4, quadruple had a better ER than the other two
conditions. So the reason why semantic pointing is not fully
exploited to reduce target acquisition time is because it also
serves to reinforce selection accuracy.

Between Subject Variations

This argument is confirmed if we take a closer look at indi-
vidual performances. The means reported in the foregoing
are representative of most subjects, but there were individ-
ual strategies. Some participants took advantage of semantic
pointing essentially by reducing their error rate; others con-
formed to the constant error rate requirement. Importantly, it
is in the latter category of participants that performance was
rigorously governed by the motor component of the task.
This result confirms that semantic pointing unquestionably
facilitates pointing, with this facilitation effect benefiting to
various extents to target acquisition time and/or pointing ac-
curacy. Furthermore, we conducted informal testing of a 2D
desktop prototype. We observed that users did not realize
when semantic pointing was on or off and yet took advan-
tage of it to improve their performance.

DESIGN PERSPECTIVES
In this section we present applications of semantic pointing
to GUI design.

Semantic Importance as a New Attribute

In traditional GUIs, the size of an object is determined by
visualization and manipulation constraints: the object must
be big enough for the relevant information to be accessible to
the user, and for the user to be able to manipulate it. When an
object conveys little information, such as a button or scroll-
bar, the size is determined by the manipulation constraint,
wasting screen real-estate. Conversely, when a lot of infor-
mation must be displayed, such as in a web page, the parts
that can be manipulated, such as the links, may end up very
small and dilficult to interact with.

Semantic pointing resolves such conflicts by allowing two
sizes to be manipulated independently: the size in visual
space, constrained by the information to be displayed, and
the size in motor space, constrained by the importance of
the object for manipulation. These sizes are manipulated
through a new attribute, semantic importance (s¢), which acts
as the scale of motor-space size relative to visual-space size.
When 0 < si < 1, the object is smaller in motor space than in
visual space, which is appropriate for objects that are not ma-
nipulated; when si > [, the object is bigger in motor-space
than in visual space, making it easier to manipulate; si = |
corresponds to traditional GUISs.

Traditional GUI Widgets Redesign
In order to redesign traditional GUI widgets such as scroll-
bars, menus and buttons, we considered two aspects:

e How much information does it provide to the user?

e How important is it for the manipulation?

We show that semantic pointing can either reduce the screen
footprint of widgets without affecting the interaction, or fa-
cilitate interaction without affecting the screen layout.

Scroll-bars

The information provided by a traditional scroll-bar is rather
poor: it specifies a position in the document and sometimes
the proportion of the document that is currently displayed
in the view. A typical scroll-bar uses a 15 pixels wide strip



along the whole window (Figure 14a). However the same
information can be conveyed by a much thinner strip, e.g. 3
pixels (Figure 14b). In order to still be able to manipulate the
thumb and arrow buttons, these are given a semantic impor-
tance ol 5 so as to be as big in motor space as in the original
design (Figure 14¢7).

Figure 14: Scroll-bar redesign
(a) original version. (b) new version: visual space
(what it looks like} and (c) motor space
(what it feels like when interacting with it).

Menus

The main real-estate constraint for menus is that labels must
be readable, so the visual size of menu items cannot be re-
duced significantly (Figure 15a). However, the importance
of menu items with respect to manipulation is variable. Dis-
abled items and separators cannot be selected, so they can
be given a small semantic importance, reducing the distance
in motor space from the top of the menu to the items below
them (Figure 15b).
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Figure 15: Menu redesign
(a) unchanged visual version (b) motor space version

Buttons & Hyperlinks

As for menu items, the buttons and messages of a dialog box
must be readable (Figure 16a). However, for the manipu-
lation, only the buttons are relevant, so the rest of the box
can be shrunken. Furthermore, the importance of the vari-
ous buttons need not be equal. The default button, assumed
to be the most likely choice, can be given a higher impor-
tance. More generally, the importance can be proportional
to the probability of being selected (Figure 16b). “Danger-
ous” buttons can also be given a smaller importance to make
them harder to select.

"The motor space distortion caused by semantic pointing is not ac-
curately representable in euclidian geometry. Thus the representa-
tions in motor space cannot be exact and are given for illustration

purpose.
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Figure 16: Button redesign
(a) unchanged visual version (b) motor space version

In a similar way, the visual layout of rich documents such
as web pages is often designed with aesthetics and visual
communication in mind. But as far as interaction with such
hyperdocuments is concerned, only the hyperlinks matter.
Therefore, magnifying the hyperlinks in motor space should
help users acquire them and improve navigation.

Semantic Importance as a Dynamic Degree of Interest
So far we have mostly considered semantic importance as a
static attribute of interface objects. An exception was menu
items, whose importance vary according to their state: a dis-
abled item has a low importance, which becomes high when
the item is enabled. The same applies to disabled buttons in
a dialog box. Another example where semantic importance
can reflect the state of an object is the application icons in
current desktops. When an application requires user atten-
tion, it blinks in the Microsoft Windows task-bar or its icon
is animated in the Mac OS X Dock. Since the user is likely
to click such an icon to activate the application, it would help
to magnify it in motor space.

More elaborate strategies can be used to compute the seman-
tic importance according to the state and history of the inter-
action. For example, applications in the Microsoft Office
Suite have adaptive menus that reconfigure themselves so
that the most often used items are at the beginning of the
menu. The instability of menus is known to be a source of
confusion for users [19]. With semantic pointing, the im-
portance of menu items can match the frequency of their
use. This has a positive effect similar to adaptive menus, i.e.
often-used commands are easier to reach, without disturbing
the spatial layout of the menu items.

CONCLUSION & FUTURE WORK

In this paper we introduced semantic pointing, a technique
that decouples motor space from visual space to improve
pointing performance. We showed how to use C-D ratio
adaptation to control the mapping between motor and visual
space, interpreting it as a motor-space scale. We also showed
that the index of difficulty of a pointing task is defined by the



size of the target in motor rather than visual space, validat-
ing the hypothesis behind semantic pointing. In addition, we
observed that users did not notice the distortion introduced
by semantic pointing, making the technique effective and yet
transparent.

We presented several applications of semantic pointing to
improve the design of traditional GUIs, by specifying the
two sizes of each object with a new attribute: semantic im-
portance. In some cases, the visual footprint of objects is re-
duced without changing their motor size, saving screen real-
estate, while in other cases the visual layout is left untouched
but the motor space is enlarged in order to facilitate interac-
tion. We have also shown how the semantic importance of
an object can change over time to adapt to the user needs.

Our future work will concentrate on the problem of distrac-
tors. The presence of a potential target on the path of a
pointing movement increases the distance of the real target,
thus reducing the benefit of semantic pointing®. We intend to
study these effects systematically and experiment with tech-
niques to minimize them. We also intend to explore more
applications of semantic pointing and evaluate it in real set-
tings.
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