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Abstract. We evaluated an acceptable dwell time range to decrease erroneous
selections using a video mirror interface. In this interface, users select a target
object by moving his/her palm and dwelling on the object. We focused on a
situation wherein objects are densely arranged and users must select a target object
from these objects. The effects of dwell time, object size, and distance between
objects on the object selection task were experimentally evaluated. The results
indicated that a dwell time of 0.3 s is the most appropriate to decrease both erro‐
neous selections and unpleasant experiences. The results of this study can
contribute to defining an effective basis for dwell time for selection operations in
gesture-based interaction systems.
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1 Introduction

Non-touch interfaces using body gestures are becoming increasing popular. For
example, popular body gesture sensing devices allow users to play games using body
gestures. Body gestures are also used as an input method for public displays or large
displays. Furthermore, gesture-based interaction has several advantages for interactive
public displays [22]. Touch-based interaction is still common for interactive public
displays; however, it may be inappropriate for reasons such as hygiene [22].

A video mirror interface is a type of non-touch interface. Figure 1 shows a user
selecting an object using a video mirror interface. As shown in Fig. 1, a mirrored video
image is displayed on a screen in front of the user, and some objects are superimposed
on the video image. Users can select these objects by moving his/her palm over the
desired object and dwelling on it. This type of interaction is intuitive and commonly
used for selecting actions in gesture-based interaction systems [5, 23].

Objects such as file icons are often densely or closely located in common interfaces.
The required dwell time for object selection affects the usability of video mirror inter‐
faces. If the required dwell time is short and objects are densely arranged or are close
to the target object, then erroneous selections occur frequently. This is because of the
“Midas Touch” problem [7], i.e., users cannot select an object without touching other
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objects. An easy way to avoid the “Midas Touch” problem is to increase the required
dwell time; however, long dwell time slows down interactions, causing unpleasant
experiences for users.

Fig. 1. Object selection using a video mirror interface.

Our study evaluates an acceptable dwell time range using a video mirror interface
for users in order to decrease erroneous selections. In particular, we focus on a situation
wherein objects are densely arranged and users must select a target object from these
objects. This study can contribute to the definition of appropriate dwell time for target
selection in gesture-based interaction systems such as video mirror interfaces.

2 Related Work

Many studies related to defining an appropriate dwell time for target selection have been
conducted in various human-computer interaction fields. For example, in eye gaze inter‐
action systems, the dwell time, i.e., the time for looking at objects to be selected, is
commonly used as an alternative to mouse clicking. Jacob reported that the minimum
dwell time for a simple object selection task was 0.15–0.25 s, while a dwell time over
0.75 s is not beneficial and causes the user to suspect that the system has crashed [7].
However, Stampe reported no difficulty for dwell times as long as 1 s [18]. Penkar et al.
conducted experiments to confirm the relation between dwell time and button size [16].
In their case, a 0.2 s dwell time was appropriate for easy and accurate selection of a
circle button with a 150-pixel diameter.

The use of a laser pointer as an interaction device for large displays has also been
studied. Dwelling is also a popular selection method for laser pointer interaction systems,
and several studies have reported that a 1–2 s dwell time is required to perform accurate
object selection [14, 15].

Pen-based or touch-based interactions have become increasingly popular with the
development of touch screen devices. In such interactions, when an object is touched
for a period with a stylus or a user’s finger, a context-aware popup menu or help menu
is displayed. Bau et al. applied a dwell time of 0.25 s to their pen-based interaction
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system to display its dynamic guidance function [1]. Freeman et al. proposed Shadow‐
Guides, which is a system for learning multi-touch and whole-hand gestures using an
interactive surface that requires a dwell time of 1 s [4].

The dwelling technique for item selection is also used in cascading menu selection.
Some menu selection implementations such as Java Swing and several commercial
products require a certain dwell time after a mouse cursor enters a parent cascade menu
item before displaying its associated menu [3].

There are alternatives to mouse clicking for gesture-based object selection other than
dwelling, such as pushing, drawing, grabbing, and enclosing [5]. Vogel et al. used finger
air-tapping [21], and Bolt proposed combinations of gestures and user speech, such as
“put that there.” [2] However, these alternatives require that users learn how to use the
system. Users who pass by a public display can interact with the display inadvertently.
In this case, dwelling is more appropriate than the above alternatives because dwelling
is more intuitive and provides greater availability without requiring help or guidance.
However, there are few clear guidelines for selection operation dwell time with gesture-
based interaction systems such as video mirror interfaces. We expect that our research
will contribute to defining an appropriate dwell time for such systems.

Various interaction systems with a mirrored user image have been studied. In
ALIVE [10], users can interact with a virtual 3D environment wherein the user’s
mirrored video image is integrated. The Mirror Metaphor Interaction system [6] lets
users interact with CG objects and real world objects in a projected video image.
Yolcu et al. proposed a virtual mirror system to select clothes in an online shopping
system [25]. Taylor et al. proposed a posture training system [19]. Rather than a live
video image of the user, several other systems have used computer graphics images
such as a silhouette [8, 13, 22] or a virtual character [11, 20]. However, object selec‐
tion operations are still required for such systems, and our work can contribute to
improving the usability of such systems.

3 Experiment

The effects of dwell time, object size, and distance between objects in an object selection
task were experimentally evaluated. Figure 2 shows the object arrangement in the
experiment. Densely arranged objects often appear in a typical window system, e.g.,
items on a menu bar and file icons in a folder window. In this experiment, the selection
of a target object that is surrounded by distracter objects was performed to mimic the
abovementioned object selection tasks.

3.1 Dwell Time

Our pilot study [12] showed that dwell time > 0.5 s caused participant fatigue. Therefore,
the dwell time conditions in this experiment were set to 0.0, 0.1, 0.2, 0.3, 0.4, and 0.5 s.
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Fig. 2. Experimental object arrangement

3.2 Object Size

A user’s palm often passes over a distracter object while selecting a target object. In this
case, the dwell time must be longer than the time elapsed when passing over a distracter
object. In this experiment, both the target and distracter objects are squares. The object
sizes were 16 × 16, 32 × 32, and 48 × 48 pixels1. These sizes are in accordance with
standard Windows application icon sizes2.

3.3 Distance Between Objects

Selecting a target object without touching distracter objects is difficult when the
distracter objects are in closely proximity with the target object. In this case, a certain
amount of dwell time is needed to avoid erroneous selection. In this experiment, the
distances between objects were 0, 8, 16, 24, and 32 pixels. The 0-pixel condition means
that the target object adjoins a distracter object.

3.4 Experimental Settings

Our experimental system comprised a web camera, PC, projector, and screen. A video
image of a participant was captured by the web camera, which was positioned in front
of the participant. The captured video image was sent to the PC, which trans-formed the
video to a mirrored video image. Square objects were generated by the PC, which were
then superimposed over the mirrored video image. Finally, the processed video image
was projected on the screen. The distance between the screen and participant was 5 m.
As shown in Fig. 3, nine objects were arranged on the screen to the right of the partic‐
ipant, and one object was arranged to the left of the participant. The object at the center
of the nine objects was considered the target object. The other objects were considered
distracter objects. The object on the left side of the participant was a home object. The
distance between the target object and home object was 320 pixels. All objects were
arranged within reach of the participant’s right hand.

1 In this experiment, the real object size on the screen was 95 × 95 mm when the object size was
48 × 48 pixels.

2 http://msdn.microsoft.com/en-us/library/dn742485.aspx.
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Fig. 3. Experimental settings (object size: 32 pixels; distance between objects: 24 pixels)

When the participants selected the home object with his/her right palm, they were
required to twist his/her body and stretch his/her right arm to the left side of his/her body.
In this case, it was possible for these postures to cause detection errors with gesture input
devices such as Kinect. Therefore, a red hemispheric ball placed on his/her palm was
used to detect the palm position using image recognition. The diameter of the ball was
70 mm, and the size of the ball on the screen was 32 pixels. The experimental system
recognized that the user’s palm was over an object when the red ball overlapped the
object.

Figure 3 also shows the status and appearance of the objects. Note that the appearance
of the target/home objects and the distracter objects differ.

• Selected object: an object currently selected by the participant.
• Candidate object: an object on which the participant’s palm is located within the

dwell time. When this status is maintained and the dwell time passes, the status of
the object changes to the “Selected object.”

• Non-selected object: an object that is not selected. This is the initial status of all
objects.

3.5 Procedure

A simple target selection task was used in this experiment.

1. The participant stood in front of the screen. Only the home object was displayed on
the screen. The participant was asked to select the home object. After the participant
selected the home object, the target object and distracter objects were displayed.

2. The participant selected the target object. The participant was asked to perform the
task as quickly as possible while avoiding erroneous selections. The participant
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continued attempting to select the target object even if a distracter object was
selected.

3. The participant selected the home object after selecting the target object.
4. The participant repeated steps 2 and 3 fifteen times because 15 combinations of

object size and distance between objects were used in the experiment.

The participants were asked to perform five sets of the above tasks for each dwell time
condition. The results of the first set were not used for analysis because this was consid‐
ered a practice set. The order of the combinations of object size and distance between
objects was counterbalanced. The order of dwell time was also counterbalanced. The
experiment was video recorded to confirm participant behavior after the experiment.

3.6 Design

Ten volunteers (age 22–25) were recruited from the Kyoto Institute of Technology to
participate in this experiment. All participants were right hand dominant, who had
limited or no experience with gesture input systems such as video mirror interface
systems.

A within-subject design was used with the dwell time, object size, and distance be-
tween objects factors. The dependent variables were erroneous selection rate and selec‐
tion time. Furthermore, participants were asked to answer a questionnaire to facilitate a
subjective evaluation.

Erroneous Selection Rate. When a participant selected a distracter object rather than
the target object, the selection was defined as erroneous. The erroneous selection rate
was defined as the rate of erroneous selection to the number of times a distracter object
was passed over. It is assumed that the erroneous selection rate would be approximately
0 if there was a certain amount of dwell time.

Selection Time. The selection time was defined as the total time required to execute
steps 2 and 3, i.e., the total time required for selecting the target object and then selecting
the home object. The participant must move his/her palm carefully to avoid touching
distracter objects if the distance between objects is short. Therefore, it is assumed that
the time required for selection increases as the distance between objects reduces.

Subjective Evaluation. The participants were asked to answer a question after they
completed the task for each dwell time condition. The question was “Did you feel
unpleasant during the task?”

4 Result and Discussion

Data from this experiment were analyzed in a three-way repeated measures analysis of
variance for the following factors: dwell time, object size, and distance between objects.
Furthermore, a post hoc test with the Bonferroni procedure was performed after signif‐
icant primary effects were determined.
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4.1 Erroneous Selection Rate

The results of the erroneous selection rate are shown in Fig. 4. Passing over a distracter
object always resulted in erroneous selection when the dwell time was 0.0 s. Approxi‐
mately one-half of the times a distracter object was passed over resulted in erroneous
selection even when dwell time was 0.1 s.

Fig. 4. Erroneous selection rate results

However, the erroneous selection rate decreased precipitously to approximate 0
when the dwell time was greater than 0.2 s. When the dwell time ≥ 0.3 s, the erroneous
selection rate was 0.04 or less for all combinations of object size and distance between
objects, except one. Studies of Fitts’ law [9, 17, 24] indicate that a 4 % error rate can be
predicted in a simple pointing task if the participant is instructed to perform as quickly
and accurately as possible. Therefore, in this experiment, it was assumed that the erro‐
neous selection was acceptable when it was less than 0.04. Consequently, these results
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indicate that a dwell time of at least 0.3 s is necessary for selecting a target object without
erroneous selection.

Furthermore, the highest erroneous selection rate was 0.07 when the dwell time was
0.2 s. Therefore, it seems that a dwell time of 0.2 s is acceptable if the user can tolerate
a few errors, e.g., in a situation wherein the user can perform an undo action easily.

4.2 Selection Time

The results for selection time are shown in Fig. 5. Significant effects on the dwell time
(F(5, 45) = 22.395, p < .01) and object size (F(2, 18) = 192.670, p < .01) were observed.
The time for selection increased gradually with dwell time. A post hoc test revealed that
selection times for dwell times of 0.4 and 0.5 s were longer than those of 0.0, 0.1, and
0.2 s dwell time. Furthermore, the selection times for 0.5 s dwell time were longer than
that for 0.3 s dwell time. A certain amount of dwell time was required to decrease

Fig. 5. Selection time results
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erroneous selection. However, overly long dwell time, e.g., 0.4 or 0.5 s, increased selec‐
tion time. From the video of the experiment, it was observed that participants moved
his/her palms from the target object region before the dwell time passed, i.e., participants
could not wait until the dwell time expired, when the dwell time was 0.4 or 0.5 s. This
was also one of the reasons why the selection time increased.

The distance between objects was also observed to have significant effect. How-ever,
a post hoc test revealed that there was no difference among each object distance condi‐
tion. Therefore, it appears that the effect of object distance was small in this experiment.

4.3 Questionnaire

Figure 6 shows the results of the questionnaire. Participants felt unpleasant if dwell time
was too short or too long. When the dwell time ≤ 0.1 s, frequent erroneous selection
caused unpleasant experiences. Similarly, unpleasant experiences increased with the
dwell time because maintaining the palm in the air proved to be troublesome for the
participants. Unpleasant experiences were felt least often with a dwell time of 0.2 s.
However, there was no significant effect on dwell time.

Fig. 6. Questionnaire results (1–5: “No,” “a little unpleasant,” “unpleasant,” “strongly
unpleasant,” and “very strongly unpleasant”)

4.4 Recommendation

Our experimental results indicate that dwell time should be 0.3–0.5 s to decrease both
erroneous selections and unpleasant experiences. Erroneous selection does not occur
when dwell time is within this range even if objects adjoin each other. However, when
the dwell time ≥ 0.4 s, the selection time increases. This can increase the total time for
a selection operation if repeated selection operations are required, e.g., selecting files in
deep hierarchical folders. Therefore, under our experimental conditions, a dwell time of
0.3 s was most appropriate. A dwell time of 0.2 s was acceptable if the user could tolerate
a few errors, e.g., if the user could easily perform an undo operation.

It is possible that the acceptable dwell time range is affected by the given application
or environment. Nonetheless, our experimental results can be considered as an effective
basis for finding an appropriate dwell time for selection operations in gesture-based
interaction systems.
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5 Conclusion

Dwelling is commonly used to select an object in gesture-based interaction systems. In
this study, an experiment was conducted to evaluate an appropriate dwell time for a
selection gesture using a video mirror interface. The experimental results suggested that
a dwell time of 0.3 s was the most appropriate to decrease both erroneous selections and
unpleasant experiences. Furthermore, a dwell time of 0.2 s was acceptable if users could
tolerate a few errors, e.g., if the user could easily perform an undo operation. We expect
that the results of this study will contribute to defining an effective basis for dwell time
for selection operations in gesture-based interaction systems.
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