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Abstract. In our previous work, a throwing method to move an object for long 
distance in 3D information space on a mobile device was proposed. With the 
method, as we throw the object to move it far away in the real world, we can 
throw the virtual object in 3D information space. This simple throwing method 
was improved by adding following three functions. They were real time adjust-
ing the direction of moving object, moving viewpoint to follow the thrown ob-
ject, and initializing viewpoint after the movement. The purpose of this paper is 
to examine the performance of the improved throwing method to move the ob-
ject for long distance in 3D information space. From the experiment, it is found 
that the improved throwing method is efficient to move the object for long dis-
tance in 3D information space on mobile devices. 

Keywords: mobile interaction, 3D information space, throwing method, human 
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1   Introduction 

In these days, many people carry their own mobile devices such as PDAs or mobile 
phones. Modern mobile devices have power to process and display 3D information 
space. 3D information space is usable for various purposes, such as showing complex 
structures or representing some realistic objects. However, there is no suitable interac-
tion method to operate the object in 3D information space on mobile devices.  

In our former work [1], we proposed a new interaction method, named as Handy 
Window. In that work, it was found that the hand gesture behind the mobile device 
was usable to move or rotate the virtual object (Fig. 1). However, in order to move the 
object far away, users are suffering from physical fatigue or the task performance is 
decreased because they should move the mobile device or their hand widely. In order 
to avoid such long movement, we then proposed a novel object moving method with 
throwing gesture, named as throwing method [2] (Fig. 2). With the method, users can 
not only throw the object in 3D information space but also adjust the direction of 
moving object as they want, follow the thrown object by moving viewpoint, and ini-
tialize viewpoint easily after the movement. 
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From the preliminary experiment, it was found that the proposed method reduced 
the physical fatigue of the user but there was no significant improvement of the per-
formance. Because the previous experiment treated the short movement only, it might 
be difficult to find the difference between the throwing method and non-throwing 
method. This paper focuses on evaluating the performance of the improved throwing 
method to move the object for long distance in 3D information space. 

 

 

Fig. 1. Concept of Handy Window. The user can move or rotate the virtual object with the hand 
gesture behind the mobile device. 
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Fig. 2. Two object moving methods. With the pick and move method (left), the user can move 
the object for short distance with changing his/her hand position. With the throwing method 
(right), the user can move the object for long distance with throwing gesture. 

2   Throwing Method 

As mentioned above, the throwing method was proposed in our previous work [2]. 
With the method, as we throw the object to move it far away in the real world, we can 
throw the virtual object in 3D information space in order to move it for long distance. 
In the method, a user picks up an object with his/her fingers firstly, then moves 
his/her hand to the desired direction with a certain velocity, and releases the object. 
After that, the object begins to fly to the target position. When the user makes a pick-
ing action again, the object stops to fly. Then the user can adjust the location of the 
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object by moving his/her hand. Finally, when he/she releases the object without mov-
ing his/her hand, the object is fixed there. 

However, with above simple throwing method, it is sometimes difficult to move 
the object far away. As we experienced in the real world, it is difficult to throw the 
object to the desired direction accurately. Furthermore, because the thrown object is 
getting smaller on the display as it moved, it is difficult to grasp the object location 
accurately. In order to tackle the first problem, the user is allowed to adjust the direc-
tion of the flying object by his/her finger gesture (Fig. 3). For the second problem, the 
view point follows the thrown object and the size of object is not changed until it is 
fixed (Fig. 4). Furthermore, the user can get the view point back with simple hand 
gesture (Fig. 5). In this paper, we call this method improved throwing method to dis-
tinguish with simple one. 
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Fig. 3. Adjustment of direction. The user can change the direction of moving object with 
changing his/her finger direction. 
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Fig. 4. View control. Camera follows the object to show it in moderate size on the display. 

 
 

 

Fig. 5. View initialization. After object movement (left), camera view point is initialized (right) 
with beckoning hand gesture (center). 
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3   Experiment 

The purpose of the experiment is to examine the performance of the improved throw-
ing method to move the object for long distance in 3D information space. 

3.1   Compared Moving Methods 

Three kinds of object moving method are evaluated in the experiment. They are the 
improved throwing method, the simple throwing method, and the non-throwing 
method. The non-throwing method does not allow the user to throw the object. The 
user must move his/her hand or body to move the picked object. We expected that the 
efficiency of both throwing methods was getting better than that of non-throwing 
method as the distance to move was getting longer. Furthermore, the improved throw-
ing method should be better than simple one. 

3.2   Prototype System for Experiment 

A prototype system was constructed for the experiment as shown in Fig. 6. It consists 
of a motion tracker for tracking position and orientation of the mobile device and par-
ticipant’s hand, and a data glove for detecting participant’s hand gesture. With the 
limit of the detectable distance of the motion tracker, participants could not be longer 
than one meter away from the transmitter of the tracking system. With this reason, 
non-throwing method, which needs participant’s movement, is evaluated in short dis-
tance movement only.  

In the prototype system, sensed data of the motion tracker and that of the data 
glove are processed by a desktop PC. The PC also makes a visual feedback for the 
mobile device.  
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Fig. 6. System configuration of the experiment 
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3.3   Procedure 

Twelve participants were recruited from our research laboratory. In the experiment, 
each participant was asked to pick up the object at the starting point and move it the 
target point. The distance between the staring point and target one was set at 0.5m, 
1m, 1.5m, 3m, and 5m respectively. In the experiment, task completion time and error 
rate were measured. Subjective evaluation was also done to evaluate the intuitiveness, 
ease of learning to use, and the level of fatigue of each moving method. Fig. 7 shows 
a snap shot of an experiment. 

 

  
(a) Overview (b) View  over the user’s shoulder 

Fig. 7. A snapshot of experiment 

4   Results and Discussion 

4.1   Task Completion Time 

From the experiment, as shown in Fig. 8, it was found that the task completion time 
with non-throwing method was significantly shorter than the simple throwing method  
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Fig. 8. Task completion time 
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(p<0.05) while the distance for move was less than or equal to 1.5m. However, it was 
linearly getting longer as the distance was increased. The task completion time of 
simple throwing method was also getting longer with the distance was increased. On 
the other hand, the task completion time of the improved throwing method was not so 
changed while the distance was increased. The results show that the improved throw-
ing method has better performance to move the object for long distance than other 
methods. With the improved throwing method, participants can adjust the direction of 
the object while moving and they can also easily set the object at the target point be-
cause both object and target has moderate view size on the display. Furthermore, in 
order to complete the task, they can quickly initialize the viewpoint after the move-
ment with simple hand gesture. These are why the improved throwing method is more 
efficient than others.  

4.2   Error Rate 

The result of error rate is shown in Fig. 9. From this figure, it is found that there was 
no significant deference but the error rate of simple throwing method increased as the 
target distance became long. However, talking about the improved throwing method, 
the error rate of it was not changed so much. With the simple throwing method, it was 
difficult to set the object to the far target position because the target size was so small 
on the display. With the improved method, the view camera in 3D information space 
follows the moving object ant the user can see the target in reasonable size on the dis-
play when the object closes to it. This made the error rate of the improved throwing 
method lower than that of simple one. 
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Fig. 9. Error rate 

4.3   Subjective Evaluation 

Fig. 10 shows the result of subjective evaluation. From the subjective evaluation, fol-
lowings were found. Firstly, the non-throwing method was significantly more intuitive  
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Fig. 10. Subjective evaluation 

than others (p<0.05) but the intuitiveness of both throwing method was moderate. Sec-
ondly, all three methods were easy to learn. From these results, most user might be soon 
familiar with throwing virtual object method while they were not so familiar with it until 
the experiment. Finally, the level of fatigue of the improved throwing method was sig-
nificantly better, namely lower, than others (p<0.05). With the improved throwing 
method, participants did not move themselves so much while they must move so much 
with non-throwing method or re-throw so many times with simple throwing method. 

5   Related Work 

Throwing action has been used to move objects across larger distance on wall size 
screen [3], [4], but the action has not been used for the object in 3D information space 
on mobile devices. 

Gilbertson et al. [5] explored a tilt interface for a 3D graphics first-person driving 
game and compared it with a traditional phone joypad interface experimentally. They 
showed that the tilt interface was experienced as fun and attractive to players. They 
focused on navigation in virtual 3D information space. This paper focuses on not only 
the navigation but also the manipulation of the virtual object in 3D information space 
on mobile phones. 

6   Conclusion 

In this paper, the empirical evaluation of the improved throwing method was done. 
From the experiment, it is found that the improved throwing method is efficient to 
move the object for long distance in 3D information space on mobile device. Fur-
thermore, it is also found that the additional three functions, adjusting the direction 
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while moving, moving viewpoint to follow the thrown object, and initializing the 
viewpoint after movement, are effective to improve the task performance.  
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