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ABSTRACT

When users operate smartphones and desktop interfaces
with their fingers, there are differences between the motor
and visual widths. For example, when a user selects an item
from a vertical menu, the area that is physically touched
by the user is often larger than the visual width (e.g., of
the label for the item selected). Therefore, the user aims for
the label assuming that the label width (the visual width)
means the motor width. Consequently, the user performs
operations more carefully than necessary. We conducted
an experiment to investigate the effect of the motor and
visual widths on finger pointing. After asking participants
to explore the motor width, they performed an experimental
task. Our experiment shows that the users’ movement time
depends on the motor width and can be predicted. We also
analyze existing interfaces and discuss the implications.
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Figure 1: Examples of touch interfaces with a difference be-
tween visual and motor widths (top row). Visualizing the vi-
sual width (middle row) and motor width (bottom row).

1 INTRODUCTION

In finger pointing, because users occlude targets with their
fingers, and because typical capacitive touchscreens detect
the center of the finger contact area as the touch point, there
is a gap between the user’s intended touch position and
the touch position recognized by the system [9]. Therefore,
when a user types on a software keyboard, for example,
sometimes keys other than the target key are pressed. This
phenomenon is called the “fat finger problem” Researchers
have proposed new interaction techniques to solve the fat
finger problem by reducing occlusion [14, 17] and supporting
small target acquisition [19]. In addition, because a finger
is less accurate than a mouse [3], in touch interfaces such
as those of smartphone applications, objects are larger than
those on desktop interfaces. As shown in Figure 1, objects
are sometimes arranged in one dimension; thus, they can
have a large actual width along the x-axis. In this paper, we
define the actual width, where users can touch the screen
and the system senses it, as the motor width. Further, we
define the size of objects that users see as the visual width.
Figure 1a shows that the target has the same motor and
visual widths, and Figure 1b and ¢ show that the motor width
is larger than the visual width. According to some models,
such as Fitts’ law[5] and FFitts law[2], when the target width
is small, the time taken for users to acquire the target is long.
In Figure 1b, where the user types on the keyboard and tries
to touch one word among the suggested words, it is expected
that the user will perform operations more carefully than
necessary because the user believes that the text length (the
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visual width) means the motor width. In addition, because
many laptops are now equipped with touchscreens, users
operate not only smartphones and tablets but also computers
with their fingers. When users select a column in a spread-
sheet, for example, they must touch a target whose motor
width is smaller than the visual width (Figure 1c in [15]). In
short, targets can have the same motor and visual width or
different motor and visual widths, and users must tap the
motor width accurately with their fingers.

In this study, we investigate the effect of the motor and vi-
sual widths on finger pointing. Usuba et al. previously inves-
tigated this effect [15, 16]. However, the input device in their
experiments was a mouse, rather than fingers. They found
that users performed pointing operations while watching
the change of cursor color!. In finger pointing, by contrast,
users touch the target directly, so some operations performed
using a mouse are impossible on touchscreens. In addition,
in their experiments, participants were notified of the mo-
tor width by sound and text [16] or by highlighting it [15].
However, when using touchscreens, users are not notified
of the motor width; they memorize it when using the appli-
cations and adjust their tap positions based on it. Therefore,
in our experiment, we provided time for the participants
to explore the motor width, rather than merely informing
them of it. Only thereafter did the participants perform the
experimental task. We believe we can understand the effect
of the motor and visual widths on finger pointing in a more
practical way. Our key contributions are as follows:
¢ In our experiment, in contrast to researches by Usuba et al.

[15, 16], we did not notify participants of the motor width.

Instead, we provided time to explore it. Users memorized

it when using the applications; thus, our experiment was

more suitable for testing touch operations.

e Because the input device was a mouse in the experiments
conducted by Usuba et al., their results cannot be directly
applied to finger pointing. Therefore, our results form a
novel contribution to understanding finger pointing and
the design of touch interfaces.

e We found that the participants aimed for the memorized
motor width, and that the users’ movement (e.g., the move-
ment time and the error rate) strongly depended on the
motor width. The effect of the visual width was observed
to be slight. This is consistent with the effect on mouse
operations [15, 16].

o Even if there is the difference between the motor and visual
widths, Fitts’ law, using the motor width, can predict the
movement time when participants receive enough visual

feedback.

IThe cursor color changed when the cursor entered the motor width [15, 16].
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2 RELATED WORK
Models for Pointing

Equation 1 shows Fitts’ law [5], which can predict the move-
ment time of pointing MT with the distance to the target
D (or A in some studies), target width W, and two linear
regression constants (a and b):

D
MT = a + bID, where ID = log, (W + 1) (1)

In user studies on pointing, an experimenter typically asks
participants to aim for the target as quickly and accurately as
possible. It is known that there is a speed—accuracy tradeoft:
if participants perform pointing quickly, the error rate is
higher, and vice versa [20]. If the speed and accuracy are
reasonably balanced, and if devices such as mice and styli
are used, the error rate will be close to 4%[11, 13]. However,
with a narrower target, the error rate is higher [7]. If the
error rate deviates from 4%, Fitts’ law is modified by using
ID, (Equation 2) instead of ID [4, 11]. ID, is calculated by
using the standard deviation of tap positions (o):

ID, = log, ( @)

D, 1)
V2reo

It is known that there is a gap between the users’ intended
tap point and the position where a touch is sensed on the
screen [9]. Therefore, a model taking the absolute precision
of finger touching into account has been proposed, called
FFitts law [2] (Equation 3). In our experiment, the input probe
was the participant’s finger; thus, we also verified the fitness
of FFitts law for our results.

D
IDy = log, | —————— + 1 (3)

2re (02 — o)

Effect of Motor and Visual Widths

Usuba et al. investigated the effect of motor and visual widths
on the acquisition of small targets (e.g., window frames) [16]
and larger targets [15]. To the best of our knowledge, only
these two studies have investigated this effect. The studies
included conditions where the motor width is (a) smaller
than, (b) equal to, and (c) larger than the visual width. They
found that user movements depend strongly on the motor
width, but not the visual width. That is, the average speed
does not change as a result of changes to the visual width.
They also showed that the distribution of click coordinates
depends on the motor width; hence, using an effective width
provides a good fit given differences between the motor and
visual widths. However, it is still unclear whether their re-
sults can be directly applied to different input devices such
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(invisible)

Figure 2: Experimental task outline.

as touchscreens. Additionally, in their experiments, they no-
tified the participants of the motor width; the effect without
this prior notification is unknown. We believe that replicat-
ing Usuba et al’s experiments under different conditions (e.g.,
using finger touches, and not notifying the participants of
the motor width) provides a novel contribution to the de-
sign of touch interfaces and a better understanding of finger
pointing overall.

3 EXPERIMENT

Figure 2 shows an outline of the experimental task. Partici-
pants performed discrete 1D pointing tasks vertically (from
top to bottom).

Apparatus

We used a Microsoft Surface Pro 3 tablet (Intel Core i7, 2.29
GHz, 2 cores, Intel HD Graphics 5000, 8 GB RAM, Windows
8.1 Pro). We rotated the screen vertically; thus, the display
scaling resolution was 1440 X 2160 pixels (the actual size
was 12 inches, 169.07 X 253.61 mm, with 0.12 mm/pixel reso-
lution). The participants tapped the surface with their right
index finger. We turned off Windows’ default touch feedback.
The full-screen experimental system was developed using
JavaScript.

Participants

Twelve volunteers participated in this study (four females,
with a mean age of 22.08, SD = 2.27 years). All participants
were right-handed and usually operated touch displays with
their right hand. Each participant received US$18 for the
study.

Task

As shown in Figure 2 (left), the visual width W, indicates the
target size displayed on the screen. The motor width W, is
the invisible area that needs to be tapped to succeed in a trial.
When the participants touched the start area (blue), a sound
was played to inform them that the trial was beginning, and
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measurements began. The participants aimed for the end area
(the green target). Then, if the touched position was within
the motor width, a sound was played to indicate success.
However, if the position was outside the motor width, a
different sound was played to indicate failure, and the trial
was regarded as having failed. Thus, although we did not
visualize the touch position, we informed the user whether
the touch was successful using sound.

These conditions regarding how to inform the participants
of the result were determined based on realistic user inter-
face designs. For example, when users would like to select
a menu item, if they touch an undesired item next to the
intended item, they are led to an incorrect page. Then, they
understand that the touch point was outside the intended
target. In addition, if the touch point falls within the margin
between two items, nothing happens, and the user remains
on the current page. Likewise, they will understand that
the touch failed. In summary, users understand whether the
touch is successful, but they do not know the actual touch
position. Therefore, we decided to inform the participants
whether the trial was successful exclusively using sound.

Design

The distance to the target D was 600 or 800 pixels (70.45 or
93.93 mm, respectively). Both the motor target width W,,
and visual target width W,, were 20, 40, 70, or 120 pixels (2.35,
4.70, 8.22, or 14.09 mm, respectively). We referred to Bi et
al’s [2] and Usuba et al’s [15] studies for these variables.

Procedure

First, the participants performed a finger calibration task [2].
The participants touched a 1-pixel horizontal line that ap-
peared at a random position 50 times. We measured the
signed gap between the line and the tap position and calcu-
lated the standard deviation of the gap values as o, for FFitts
law. In the finger calibration task, we asked the participants
to perform the task as accurately as possible.

When users use a new application, although they do not
know the motor width at first, they roughly grasp the motor
width by getting used to the application. In the experiment,
we simulated this process. To do so, we generated two blocks
for producing experimental data: an exploring block and a
data-collection block. The participants performed the main
experimental task with a condition randomly selected from
2D X 4W,,, X 4W,, = 32 combinations. In the exploring block,
to explore the motor width, participants were asked to com-
plete ten trials without considering errors and the operation
time. Before starting the experiment, we informed the par-
ticipants that there could be a condition where the motor
width differed from the visual width. If we did not inform
them of that, they would always aim at the visual width and
could not explore the motor width. We also informed them
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that the motor width was not especially large (e.g., W, was
not half of the size of the screen) or small (e.g., it was not
1 pixel) and that the motor width extended/shrank equally
from the center of the visual width. After the exploring block,
in the data-collection block, we asked the participants to per-
form ten trials as quickly and accurately as possible. That
is, in the data-collection block, the participants repeated ten
trials in the same condition, such that the target position
was not random. The participants repeated the above tasks
under 32 conditions in random order. In total, 3,840 trials (i.e.,
2D X 4W,,, X 4W,, X 10 trials X 12 participants) were carried
out, and the total time needed was approximately 30 minutes
per participant.

Measurements

The dependent variables were the movement time MT (the
time from touching the start area to touching the target,
excluding erroneous trials), the spread of hits along the y-
axis SDy (the standard deviation of the y-coordinate of the
tap position, including erroneous trials), and the error rate.
To investigate whether our results are consistent with those
of the previous studies [15, 16], our data was processed in
the same manner as previous studies.

Results

From 3,826 trials (having eliminated 14 outliers?), 582 errors
occurred (15.21 %). This error rate was slightly lower than
that in Bi et al. [2]. We believe the reason for this is that the
range of the target width (2.35-14.09 mm) was larger than Bi
et al’s condition (2.40-7.20 mm). We analyzed the data using
repeated measures of ANOVA and the Bonferroni post hoc
test. The independent variables were D, W,,, and W,,. The
dependent variables were the same as the measurements.
In our graphs, the error bars represent the standard error,
and ***, **, and * indicate p < 0.001, p < 0.01, and p < 0.05,
respectively.

Movement Time. We observed the main effects for D (Fy 11 =
29.43,p < 0.001, 7, = 0.73), Wy, (F3 33 = 31.47,p < 0.001,7, =
0.74), and W,, (F333 = 4.24,p < 0.05,77, = 0.28). Figure 3
shows the post hoc test. No interaction was found (p > 0.05).

Standard Deviation of y-coordinates. We observed the main
effects for D (Fi,11 = 6.23,p < 0.05,1, = 0.36) and W,
(F3,33 = 10.76,p < 0.001,77, = 0.49). Regarding W,,, there
were no significant differences (F3 33 = 2.42,p = 0.084, 1, =

2When the movement distances were less than %, the trial was regarded as
an outlier [13]. We did not use the criterion that “the clicked position is far
from 2W from the target center” because of the large difference between
Wy, and Wy,. In addition, when the participants tapped the screen, if the
system did not sense the tap, they tapped again. In that case, the movement
time was very long; thus, we removed such cases as outliers.
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0.18). Figure 4 shows the post hoc test. No interaction was
found (p > 0.05).

Error Rate. We observed the main effects for W, (Fs 33 =
60.43,p < 0.001,7, = 0.85). Regarding W, there were no
significant differences (F3 33 = 2.47,p = 0.080,7, = 0.18).
Figure 5 shows the post hoc test. No interaction was found
(p > 0.05).

Model Fitting. In accordance with related studies [15, 16], we
verified the fitness with ID,, (Equation 4), ID,, (Equation 5),
and ID, (Equation 2). In our experiment, because the input
probe was a finger, we also verified FFitts law (IDf, Equa-
tion 3). MT in ID,, and ID,, is the mean time excluding the
erroneous trials [15, 16], and MT in ID, and IDy includes
the erroneous trials [2, 4, 11]. Figure 6 shows the fitness of
each model for the 32 data points (2D X 4W,, X 4W,,). All fit-
ness values are lower than the typical threshold (R* > 0.90)
[8, 13]. In addition, when only W,, = W,, (this is a normal
task with Fitts’ law), it is a good fit (Figure 7).

ID,, = log, (W2 + 1) (4)

m
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Figure 7: Model fitting with ID,, for W, = W,,.

D
D, = log, (W + 1) ©)

According to Figure 3, MT slightly varied by W,,. Thus,
we believe that Figure 6a shows that the variation of MT
at the same ID,,, was caused by W,,. Therefore, we decided
to analyze the fitness for the eight data points (2D X 4W,,)
separated by W,,. The upper row of Table 1 shows their
fitness. Using ID,, resulted in a good fit, except for W,, = 70.
According to Figure 5, when ID,, < 3.00 (D = 600, W, = 120
and D = 800,W,, = 120), the error rates are very small.
Therefore, when ID,,, < 3.00, the participants were almost
always able to tap successfully. Consequently, we believe that
they performed the task as quickly as possible. In short, when
ID,, < 3.00, we believe that the participants’ movement
is ballistic and that designers that adjust interfaces based
on the movement time are interested in movement that is
not ballistic (ID,, > 3.00). Hence, we analyzed the fitness
separated by W, in ID,, > 3.00, as shown in the lower row
of Tablel. According to Table 1, ID,, obtained by each W, is
a good fit (R? > 0.90).
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Table 1: Modeling the fit with each W,,.

W, a b R?
20 24630 86.06 091
40 23671 84.06 0.93
all IDp, 70 17157 97.74 0.86
120 11212 109.01 0.95
20 17740 101.04 0091
40 16961 98.61 0.93
> 3.
Dm 23.001 70 1371 13192 0.94
120 4146 12440 0.95

Participant Strategies. After the experiment, we asked the
participants how they explored the motor width. To summa-
rize the participants’ comments, there were two strategies:
adjusting the speed and moving the touch position.

When using the first strategy, (a) the participants operated
quickly, and if there were many errors at that speed, they
slowed down in the next trial and (b) if there were few errors,
they sped up. According to Fitts’ law, movements are fast
when the target width is large. In addition, it is expected
that fast movements result in many errors. The users believe
that the motor width is large if they operate quickly and
few errors occur. This suggests that users explore the motor
width by adjusting their speed.

When using the second strategy, the participants first
touched the visual width, and if that touch was successful,
they moved the next touch position farther away from the
target center. Figure 8a shows that, first, a user aims for the
visual width, with a successful touch. Next, the user touches
the screen in a position far from the visual width. When this
touch fails, the user performs operations that approach the
visual width. Figure 8b shows a user performing pointing
operations that approach the visual width on account of the
first touch failing. In this way, several participants explored
the motor width while moving the touch position gradually.

4 DISCUSSION

As with the studies by Usuba et al. [15, 16], the participants’
movement depended on the motor width, and the effect of
the visual width was slight. In our experiment, instead of
notifying the participants of the motor width, we provided
time for them to explore it, and our results are nevertheless
consistent with those of Usuba et al.

Standard Deviation of the y-coordinate and Error
Rate

We found that the spread of touch positions SD, depends
on D and W,,. Regarding W,,, SD slightly increases as W,,
increases. Usuba et al. also found that SD, depends on W,
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Figure 8: Examples of the touch positions of participants in
the exploring block. Note that horizontal axis is not the x-
coordinate but rather the trial number.

and W,, has a slight effect on SD,[15]. In addition, Bi et al.
found that o (i.e., SD,) depends on D and W. Thus, their
results are consistent with ours.

Our experiment showed that the error rate depends on
W,y In tasks for Fitts’ law, it is known that the effect of the
target width on the error rate is larger than that of the target
distance [18]. Compared to Bi et al. [2] and the error model
[18], our results are consistent. Although the effect of W,, on
the error rate is slight, however, Figure 5 shows that increas-
ing W, increases the error rate. Considering that increasing
W, decreases the error rate, W,, has the opposite effect to
W,,. We believe that the reason for this is the effect of W,, on
SDy. If SD, increases when W,, increases, because the area
that can capture the user’s touch extends, the error rate does
not increase. However, even when increasing W, the area
that can capture the user’s touch does not extend. There-
fore, we believe that a larger W, increased SD, (Figure 4),
inducing a higher error rate (Figure 5).

In the exploring block, 1,104 errors occurred (28.75%).
Compared to the data-collection block (15.21%) and Bi et
al’s work, this error rate is high. As mentioned above (in the
subsection “Participant Strategies” in the “Results”), in sev-
eral trials, the participants deliberately made errors because
we told them not to worry about making them. However,
considering the participants’ interviews and the decrease in
the error rate from the exploring block to the data-collection
block (and that the error rate in the data-collection block
is comparable to that in Bi et al. [2]), we believe that the
participants explored the motor width sufficiently well.

Model Fitting

The existing model for pointing did not fit with our overall
results. However, ID,, separated by W,, could predict the
participants’ movement (lower row of Table 1). This shows
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that even if there is a difference between the motor and vi-
sual widths, designers can predict MT for new D and W,,
based on MT for experimental data under a specific W,, value.
We expect that this will be convenient for designers. For ex-
ample, when creating a vertical navigation menu such as
the one shown in Figure 1c, designers can decide the font
size of the menu by considering the font size of the other
components first. Typically, the font size will be decided by
the design guidelines of the products. That is, in many cases,
the visual width (e.g., the font size) is decided in advance.
Further, designers decide the margins around the text, and
the margins indicate the motor width. Thus, when designers
decide the visual width and the movement time, for exam-
ple, they can know the minimum value of the margins by
using our separate model. As such, designers can adjust the
interface freely within the range so as not to frustrate users.
In this way, we believe that our model can contribute to
interface design.

Analysis of Existing Interfaces and Design
Recommendations

We reanalyzed Figure 1b and ¢ where the target has different
motor and visual widths. According to our results, if users
can memorize the motor width, they can appropriately per-
form pointing, even if W, is larger than W,,. In addition, the
error rate depends on the motor width. Therefore, interfaces
such as those shown in Figure 1b and ¢ will not frustrate
users when they perform pointing operations. In interfaces
such as the one shown in Figure 1c [15], the motor width
is smaller than the visual width. According to the standard
deviation of the y-coordinate and the error rate discussed
above, when the motor width is smaller than the visual width,
it is expected that slightly more errors will occur owing to
the spread of click positions slightly widened by the visual
width. To summarize the above discussion, in touch inter-
faces, designers should make the motor width larger than
the visual width. Alternatively, if they want to make the
motor width smaller, they should aim to have the motor
width closely approximate the visual width. Johnson [10]
suggests something similar by taking a website * where the
motor width is smaller than the visual width as an example.
Obviously, considering existing pointing models [2, 5] and
our results, designers should make the motor width suffi-
ciently large. In addition, user performance when there is a
difference between the motor and visual widths is predicted
by ID,, separated from W,,. Thus, designers can adjust the
motor and visual widths by the model.

Shttps://web.archive.org/web/20110308051632/http://www.asaging.org/
aiall/
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5 LIMITATIONS AND FUTURE WORK

In this study, we studied only 1D finger-pointing tasks. Thus,
our study is limited and there are many opportunities for
future research.

Although we showed that ID,, separated by W,, can pre-
dict the movement time, we believe that a model with vari-
ables D, W,,,, and W,, will be more convenient. However, we
failed to build such a model. This is one of the limitations of
our work.

Although it is true that the participants explored the motor
width, it is unclear whether their explorations were success-
ful. MT and SD,, significantly depended on the motor width
(Figures 3 and 4). After the experiment, we asked the partici-
pants how they explored the motor width, and they gave an
example of such exploration (Figure 8). In addition, we also
asked the participants whether they were able to understand
whether the motor width was larger than, equal to, or smaller
than the visual width, and almost all participants stated that
they could do this. In this way, there is evidence that the
participants explored the motor width, although it is unclear
whether the exploration was successful. Therefore, if we con-
duct an experiment where we make participants explore the
motor width in a different way, the results may differ from
those of this study. In addition, in our task, we instructed
the participants to perform pointing operations as quickly
and accurately as possible. Thus, the participants aimed for
a balance of speed and accuracy. It is known that giving
different speed—accuracy instructions produces different re-
sults [6], e.g., if an experimenter merely asks participants
to perform pointing as quickly as possible, there is a higher
error rate and faster movement time. Even in a situation
with different the motor and visual widths, we believe that
different instructions will produce different results. More-
over, the movement time was slightly affected by the visual
width. Thus, depending on situation, it is possible that the
user performance changes owing to the visual appearance
of targets like the placeholder effect [1, 12].

The task in our experiment was 1D pointing. However, as
shown in Figure 1, there are 1D and 2D targets in graphical
user interfaces. In 2D finger pointing, in addition to devi-
ations to the upper and lower touch positions, users must
consider those to the left and right. Figure 1b and ¢ show
that there are other items (unintended targets) around the
target. Such potential targets are usually aligned in a regu-
lar pattern; thus, we assume that this fact enables users to
predict the motor width well.

In pointing, it is known that a finger is faster but less
accurate than a mouse or stylus [3]. Taking together our
research and that of Usuba et al. [15], the effects of the motor
and visual widths were verified for fingers and a mouse. As
mentioned above, we are interested in, among other things,
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extending the dimension, the effect of surrounding objects,
and the effect on other input devices. Additionally, we cur-
rently have no general model for finger pointing in cases
where there is a difference between the motor and visual
widths. In future research, we will build such a model by veri-
fying or modifying existing models and further experimental
results.

6 CONCLUSION

As an extension to research by Usuba et al. [15, 16], we in-
vestigated the effect of motor and visual widths on finger
pointing. In contrast to their studies, by considering more
suitable conditions to test touch operations, we provided
time for users to explore the motor width. Although our
experimental conditions differed from those of Usuba et al.
(e.g., the input probe was a finger), the results were consis-
tent. The participants decided upon movements based on
the memorized motor width. We found that the movement
time strongly depended on the motor width and could be
predicted by ID,, separated by W,,.

This study is a first step toward better understanding the
relationship between finger pointing and the difference in
the motor and visual widths. There remain various condi-
tions that should be investigated, such as 2D targets and
grid-pattern layouts. We hope researchers, us included, will
investigate limitations and offer contributions to a better
understanding of finger pointing and the design of touch
interfaces.
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