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Abstract. In this paper, we propose to enact interaction by “extreme” motion 
involving multiple body parts and thereby maximize the whole body expe-
rience.  By detecting the relative movements among multiple body parts, rather 
than an extended motion of just a single body part, the extreme motion can be 
contained within the personal space (not to disturb others around).  Such a 
scheme was tested on a simple mobile game and compared to interfaces that 
were based on conventional touch interface and absolute motion detection.  
Experimental results showed that while incorporating extreme “relative” motion 
resulted in higher level of excitement and user experience by involving more 
body parts, the control performance significantly suffered (due to the head 
movements). 

Keywords: User Experience, Extreme motion, Whole Body Interaction, Motion 
Detection. 

1 Introduction 

Games interfaces are evolving fast to become more experiential.  One representative 
approach is to employ body-based interaction as well demonstrated by the recent 
successes of the Nintendo Wii [1] and Xbox Kinect [2].  The same trend is slowly 
spreading to the mobile games as well.  While most mobile games still use touch 
based interfaces (e.g., buttons, flicks), several motion based games are appearing.  
For example, there are games that make use of the tilt [3] and acceleration sensors [4], 
however, motion based interaction is inherently problematic because it would typical-
ly entail moving of the screen and disturb others around in a public setting.  Thus, at 
best, only limited motion is incorporated into the game interaction and this restricts 
the full potential of the body based user experience.  In this paper, we propose to 
detect and use the “relative” motion between the upper body and the hand-held device 
as extreme body motion so that it can enrich the mobile game experience, while con-
taining the interaction within the personal space, and possibly providing minimum 
visibility for the moving screen (at least to some extent).  Figure 1 illustrates our 
proposal. 
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Fig. 1. An example of extreme motion based mobile game playing by moving both the hands 
and upper body 

At the core of our approach lies the estimation of the body movement by tracking 
the face and optical flow using the camera in relation to that of the mobile device 
(measured by e.g. the accelerometer, gyro and tilt sensor).  This enables users to 
interact with the mobile device not only through the touch display with buttons and 
other touch interfaces, but also with their whole (or upper) body.  In this paper, we 
describe the design of such an interface and game interaction, called the EMMI (Ex-
treme Motion based Mobile Interaction).  We also validate the overall technique by 
running a comparative experiment to a non-motion based and conventional “absolute” 
motion based mobile games. 

2 Related Work 

Employing whole body interaction is an effective method to enhance the immersive 
quality of interactive contents [5, 6, 7, 8, 9, 10]. Possible methods of realizing whole 
body interaction include using body worn sensors (or markers and large scale surround 
sensing system) and haptic/tactile device (body worn [11, 12, 13] or platform type). 
While they may be effective, they have the obvious problems of usability and cost.  

However, whole body interaction does not necessarily require separate sensing and 
feedback mechanisms for all the body parts involved.  Through clever interaction and 
interface design, whole body interaction can be induced with minimal sensing. For 
instance, the arcade game, “Dance Dance Revolution” [14], utilizes a very simple foot 
switch pad, but the interaction is designed to induce the use of whole body. The situa-
tion is similar for the Nintendo Wii (or acceleration sensor) based games [15].  
However, when designing interaction for mobile devices, the interaction, whether is 
purposely designed or induced, must consider the issue of containment within the 
personal space. 

3 Recognizing the Extreme “Relative” Motion 

The recognition of the “extreme” motion system is based on detecting the user’s face 
(see Figure 3) and its movement, and comparing it to the motion of the device (using 
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the phone sensors). Several researchers have applied face detection, optical flow, 
motion flow and sensors for motion based interface in various ways, but rarely in a 
combined form [16][17]. Figure 2 illustrates the main idea. It also illustrates that the 
motion based interaction can be contained within the personal space so that it can be 
used in a social setting as well. The face detection is used in conjunction with optical 
flow so as to estimate the user distance from the phone and use for zoom in/out action 
(not just sideway motion). Our implementation on the smart phone is based on the 
standard face detection and optical flow routines available from OpenCV [18]. Note 
that when trying to detect the relative movement of the head during when the phone 
holding hand is also moving in the other direction, the imagery of the head can go 
beyond the field of view of the phone camera. This limits the extent of how much the 
head/upper body or the hand/sensor to move with respect to the center of the personal 
space as well. 

 

 
(a)                          (b)                           (c)  

Fig. 2. Detecting motion with (a) phone sensors only, (b) camera only (head movement only), 
and (c) both sensors (phone/hand) and camera (head/upper body) 

 

 

Fig. 3. Using face detection from the phone camera to approximate the relative user movement 

4 Interaction Design 

Figure 4 shows possible interaction design.  It is illustrates the richness of motion 
based interaction possible by including such body gestures.  In most cases, the ex-
treme motions are not just motions with large displacements or inertia, but rather 
carry particular interactional meaning (e.g. zoom-in vs. microscope, move left vs. 
bumping). This way we believe the mobile interaction can be much enriched and 
overall experience enhanced. 
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Fig. 4. Enriching motion based interaction with extreme gestures 

5 Experimental Evaluation 

The proposed technique (EMMI) is validated by carrying out a comparative experi-
ment to conventional mobile interfaces for a simple game.  User experience and  
control performance were measured and compared among four interfaces that em-
ployed different ways to enact “extreme” motion/event: (1) touch based, (2) touch + 
momentary motion (e.g. jerk), (3) absolute motion by hand (phone sensor) only (e.g. 
by moving distance of the holding hand), (4) relative motion (e.g. by combined mov-
ing distances of the holding hand and face/upper body).  That is, the experiment is 
designed as 1x4 (one factor with four levels) within-subject repeated measure, the 
factor being the type of interface employed for extreme action. 

Our hypothesis is that at least the user experience will be improved by the motion 
based interfaces, and more so with relative motion which involve more body parts.  
We expect the control performance to suffer due to the difficulty for fine control, 
unfamiliarity and erratic screen movement. 

5.1 Experimental Task and Set Up 

The experimental task for the user was to play a simple described as follows.  There 
were 5 vertical lanes through which object fell from the top.  The game is played by 
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controlling the basket in the bottom (and move between the lanes) to catch the falling 
objects.  Normally, the objects mostly fall along lanes 2, 3 and 4 but sometimes spe-
cial objects fall through lanes 1 and 5 in the extreme left and right.  Thus the user 
needs to react to such events e.g. in an “extreme” way to place the basket there and 
catch the special objects.  Figure 5 shows the snap shot of the game being played.  
The four tested interfaces operated as shown in Table 1. 

 

 

Fig. 5. “Catch the Falling Object” game used in the experiment. The objects fall in five differ-
ent lanes caught by the user controlled basket. The user need to enact “extreme” action to catch 
the objects in the far right/left lanes. 

Table 1. How the four tested interfaces operated 

Interface type Symbol Explanation 

Touch based Touch Touch the respective lane (e.g. lanes 1 and 5) 
to directly place the basket 

Touch + Acceleration T+M Use direct touch and motion (detected by an 
acceleration threshold) simultaneously to 
move into lanes 1 and 5 

Absolute motion by hand Absolute Use only hand motion (approximated by an 
acceleration threshold1) 

Relative motion by hand/head Relative Use hand motion (approximated by an acce-
leration1 threshold) and head movement 
(approximated by the face detection / optical 
flow measurement from the phone camera) 

5.2 Detailed Experimental Procedure 

Ten paid subjects (9 male and 1 female aged between 25 and 32) participated in the 
experiment with the mean age of 27.3.  After collecting one’s basic background  
information, the subject was briefed about the purpose of the experiment and  

                                                           
1 For now, hand movement distance is only “approximated” by an acceleration threshold per 

unit time, under the assumption that user moves fast to make extreme and long distanced  
motion. 
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instructions for the experimental task. A short training was given for the subject to get 
familiarized to the interfaces and the task to be completed (about 5~10 minutes).  

Each subject tried out the four interfaces in a balanced order and two trials were 
carried out each for lasting about 2 minutes. That is, the user was asked to catch as 
many objects as possible during 2 minutes. As for the control performance, the num-
ber of missed objects was counted per single session (which is equivalent to the 
score). As for user experience and usability, the user answered a survey as shown in 
Table 2.   

Table 2. The user experience survey used in the experiment. Each question was answered in 7 
Likert scale. 

 Category Question 

Q1 Usability How easy to use did you feel the game/interface to be?  
(1: difficult ~ 7: easy) 

Q2 Usability How much were you apprehensive about the people 
around you? (1: not at all ~ 7: very much apprehensive)  

Q3 Usability Rate your preference among the four game/interfaces.  
(1: not preferred ~ 7: very much preferred) 

Q4 Usability Rate how much fatigue was induced by the given 
game/interface. (1: very tiring ~ 7: not too tiring) 

Q5 UX How much fun or exciting did you feel the game/interface 
to be? (1: not at all ~ 7: very much exciting) 

Q6 UX How much immersed or experiential the game/interface to 
be? (1: not at all ~ 7: very immersive/experiential) 

5.3 Experimental Results 

Figure 6 shows the results with regards to the usability (first four survey questions).  
Generally, users found the motion based interfaces (T+M, Absolute, Relative) to be 
much more difficult to use than the conventional touch.  This is somewhat expected 
given the very short amount of time (5~10 minutes) to get familiarized to the motion 
based interfaces.  The Relative interface was rated the most difficult and most tiring 
as it involved a coordinated move between the hand and upper body.  Also as ex-
pected, all interfaces that involved significant body movement (T+A, Absolute and 
Relative) induced apprehensive behavior around one’s personal space.  However, the 
extent of the motion with the Relative interface was contained within the personal 
space, as explained in the earlier section.  The users were apprehensive nevertheless.  
Despite the difficulty, fatigue and apprehensiveness, users showed strong preference 
toward the motion based, and particularly, the Relative interface.  

 



 Extreme Motion Based Interaction for Enhancing Mobile Game Experience 255 

 

Fig. 6. Responses to the usability questions (Q1~Q4). Subjects generally found the motion 
based interfaces to be difficult, tiring and causing apprehensiveness. Despite it, they strongly 
preferred motion based, and particularly, the Relative interface. 

Figure 7 shows the results with regards to the user experience (Q5 and Q6).  In 
tune with the preference results, users found the motion based interfaces (T+M, Abso-
lute, Relative) to be more exciting, immersive/experiential to use. The Relative inter-
face induced the highest level of excitement and UX with a statistical significance. 
This reconfirms the positive effect of whole body interaction to the affective state of 
the user and ultimately to heightened user experience.   

 

Fig. 7. Responses to the UX questions (Q5 and Q6). Subjects generally found the motion based 
interfaces, particularly the Relative” to be more exciting and immersive/experiential. 

Finally, Figure 8 shows the results with regards to the performance (number of 
missed objects).  Again as expected, due to the difficulty of the interface, the perfor-
mance was much lower for the motion based interfaces, particularly for the Relative.  
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Interestingly, the Absolute interface showed only marginal degradation.  However, 
we believe this is mainly due to the unfamiliarity and the short time the user had to 
learn the interface.   

 

 

Fig. 8. The number of missed objects for the four tested interfaces.  Motion based interfaces, 
particularly the Relative, show degraded performance.  However, this is believed to be due to 
the unfamiliarity and the limited time for the user to learn the interface. 

6 Conclusion 

In this paper, we described the design of a motion based interface platform called the 
EMMI (Extreme Motion based Mobile Interaction).  We also presented an example 
interaction design for mobile games or application and ran a validation experiment.  
The experiment showed two contrasting results, namely simple touch interface for 
control performance and motion based, particularly whole body interaction, for user 
experience and excitement. Although the control performance is expected to improve 
through learning, it is not expected to exceed the performance level of the simple 
touch.  We have also seen that Absolute interface showing only marginal perfor-
mance degradation while offering significantly higher user experience compared to 
the simple touch.  On the other hand, mixing touch and motion turned out to be less 
intuitive and quite difficult to use as well.  Post-briefings of subjects also revealed 
the similar sentiment of the users, stating that the touch interface to be rather boring 
and finding the motion based interaction to elicit higher level of arousal and excite-
ment.  In the case of games, the purpose of the application is often excitement rather 
than just compiling high score.  This would be an important issue to consider in mo-
bile game interface. 

There still are several limitations that need to be addressed.  For instance, we need 
to address the use of body gestures in a social context (even though even the extreme 
motions are somewhat contained in the personal space), and the missing of the display 
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screen due to high speed motion even though the visibility is geometrically possible.  
In the future, we hope to make use of multimodal interface to compensate for the 
lowered screen visibility and extend to get leg movements involved in the interaction 
as well. 
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