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Abstract 
We present a new mobile interaction model, called 
double-side multi-touch, based on a mobile device that 
receives simultaneous multi-touch input from both the 
front and the back of the device. This new double-sided 
multi-touch mobile interaction model enables intuitive 
finger gestures for manipulating 3D objects and user 
interfaces on a 2D screen.  
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ACM Classification Keywords 
H5.2. [User Interfaces]: Input devices and strategies, 
Interaction styles. 

Introduction 
A recent trend in smart phones is moving toward a 
larger or higher resolution screen that gives users and 
applications more working screen space. To 
accommodate this trend, many smart phones, such as 
Apple iPhones and HTC Touch Diamond phones, have 
replaced physical keyboards or keypads with an input 
by stylus or direct finger touch screens.  
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Double side multi-touch input enables 
more possible manipulation methods. 



 

Recently, HybridTouch [7] added a single-touch pad to 
the rear side of a small screen device, to enable 
interactive use of the back of the device. In this 
interaction model, users perform simple controls, such 
as scrolling, from the device’s rear side with their non-
dominant hand.  This leaves the dominant hand free to 
hold a stylus pen to interact with the main front-side 
screen. LucidTouch [8] also enables users to operate a 
touch screen from the device’s rear side. Its goal is to 
address the fat finger problem where a finger occludes 
small targets on a mobile device’s screen. By putting 
the touch screen on the device’s rear side, users can 
see targets on the main screen without obstruction.    
To give visual feedback about the position of a rear-
side finger, a transparent interface is used. A rear-side 
camera captures the finger’s position and displays the 
finger shadow on the front screen.  

Rather than extending the device’s interaction surface 
or solving the finger occlusion problem, our work aims 
at providing a simple and intuitive interaction method 
for the manipulation of 3D objects on a mobile device. 
Our proposed interaction model is called the double-
side multi-touch based on a mobile device that 
supports simultaneous multi-touch from both the front 
and back sides of the device. To demonstrate the use of 
the double-side multi-touch interaction model, we 
explore the design space of various touch gestures for 
manipulating 3D objects on a mobile device. 

Double side Multi-touch Interaction 
Although multi-touch input enables scrolling and the 
zooming of a document, its manipulation is constrained 
to two dimensions over the horizontal or vertical planes 
of a mobile device’s 2D touch screen. By adding touch 
inputs from the device’s back side, the degree of 

freedom for manipulation can be extended to a pseudo 
three dimensions. This 3D space concept is as 
described in the under-table interaction work [9], in 
which the virtual 3D space shown in the device’s 
display is a “fixed volume, sandwiched” between the 
front and the back surfaces of the device. This table-
based 3D concept was extended in our double-side 
multi-touch interaction model on a mobile device, and 
then a set of touch gestures was created for 
manipulating 3D objects.   

In traditional single-side touch interaction, 
manipulating a 3D object is done by touching one face 
of the object. In contrast, manipulating a real-world 
object in a physical 3D space involves a rich set of 
multi-finger actions such as grabbing, waving, pushing 
or flipping the target object. If the object is soft or 
elastic, it can also be stretched or kneaded into 
different shapes. Our double-side multi-touch 
interaction model provides double-side multi-finger 
touch gestures similar to manipulating 3D objects in 
the physical world. Each of these double-side, multi-
finger touch gestures is described as follows. 

Grab                                                                       
In physical space, grabbing an object (e.g., a coin or 
card) by hand involves at least two fingers applying 
opposing pressure on two or more surfaces of the 
target object. When mapping this physical grab action 
onto the double-side multi-touch input device, this grab 
gesture is done by two fingers simultaneously touching 
the target object - one top finger touches the target 
object on the device’s front side screen, and the bottom 
finger touches the target object on the device’s rear 
surface. Figure 1 illustrates this grab gesture. 

figure 1. The grab gesture. Transparency 
of iPod in the photo is adjusted to show 
the relative position of fingers. Two 
colored circles on screen indicate the 
position of touch points. 



 

Drag (x and y axes)                                                   
In physical space, dragging a small object by hand 
involves first grabbing the object with two fingers and 
then pulling it by moving both fingers together in one 
target direction. When mapping this physical drag 
action onto the double-side multi-touch input device, 
this drag gesture follows a 2-step process. (1) The 
target object must first be grabbed by two fingers 
simultaneously touching the target object from the 
front and back sides of the device. (2) The target object 
is then pulled with both fingers sliding together in the 
same target direction over the horizontal and/or 
vertical planes. Figure 2 shows this drag gesture. 

Push toward/away (z axis)                                           
Pushing up/down on an object requires two or more 
fingers touching the target object. Touching the object 
on the device’s front side screen pushes the object 
down and away from the user, while touching the 
object on the device’s back pushes the object up and 
toward the user. Figure 3 illustrates this push-toward 
gesture.  

Flip right/left/up/down (x and y axes)                         
In physical space, flipping an object, such as a coin, by 
hand involves first grabbing the object with two fingers 
and then flipping it by sliding the two fingers in 
opposite directions. When mapping this physical flip 
action onto the double-side multi-touch input device, 
this flip gesture follows a 2-step process. (1) The target 
object must first be grabbed by two fingers described 
previously. (2) The target object is then flipped by the 
two fingers sliding in opposite directions. A left flip 
involves sliding the top finger to the left on the device’s 
front-side screen while sliding the bottom finger on the 
device’s back side surface to the right.  Similarly, a 

right/up/down flip involves sliding the top finger to the 
right/top/down on the device’s front-side screen while 
sliding the bottom finger on the device’s back side 
surface to the left/down/up. Figure 4 illustrates this 
left-flip gesture. 

 

 

Stretch (x, y and z axes)                                            
In physical space, stretching a soft or elastic object by 
hand involves first grabbing the object at several places 
and then applying varying forces at these places to 
stretch or knead it.  When mapping this physical stretch 
action onto the double-side multi-touch input device, 
the stretch gesture follows a 2-step process. (1) The 
target object must first be grabbed by two or more sets 
of fingers. (2) The target object is then stretched by 
fingers sliding in different directions. Figure 5 shows 
this stretch-wide gesture. Four fingers are involved – 
the first two grab the right side of the target object and 
slide together to the right, while the other two fingers 
grab the left side of the target object and slide together 
to the left. 

figure 2. The drag gesture involves 
moving the front-side and back-side 
fingers together simultaneously in the 
same direction.   

figure 3. The push up gesture involves 
the back-side finger touching the target 
object. 

 

figure 4. The flip-left gesture involves one front-side finger 
moving to the left and the back-side finger moving to the right. 

 



 

Prototype 
A double-side multi-touch device prototype was created 
as shown in figure 6. This was accomplished with two 
iPod-touch devices attached back to back. In this case 
the back-side iPod-touch device became the back-side 
multi-touch pad for the device. The touch input signals 
of the back-side iPod-touch device, including locations 
of the touch points, were then transmitted to the front 
side iPod-touch device through an ad-hoc WiFi 
connection. Note that the current iPod-touch device 
supports at most five touch points at the same time. 
When the 6th finger touches the screen, all touch events 
are cancelled. We have found that five touch points are 
also sufficient to implement our double-side, multi-
finger touch gestures. 

 

 

 

Our preliminary prototype focused on 3D object 
manipulation through double side gestures. In the next 
prototype we will try to improve the precision of back-

side pointing through visual feedback. We propose a 
method that by displaying cursors mapped to touch 
points on the back-side, users can point to the target 
more accurately. With this kind of visual feedback, we 
can separate the cursor-moving and selecting actions 
to rear and front side fingers, respectively. The back 
side finger would move the cursor to target, and the 
front side finger then taps the screen to complete a 
selected action.  

Preliminary user study 
In an exploratory study, we invited three users to test 
our double-side multi-touch device and touch gestures. 
As the users performed a set of 3D object 
manipulations including dragging, flipping and pushing, 
we were interested in answering the following two 
questions: (1) How intuitive or easy is it to learn the 
double-side multi-touch gestures? (2) How does the 
double-side multi-touch interface compare with the 
existing single-side multi-touch interface? Note that an 
extensive study with more subjects will be needed to 
obtain valid answers. However, our preliminary results 
suggested that all three users found our double-side 
multi-touch gestures easy to learn.  In trials, the 
amount of time needed to learn the double-side multi-
touch interface was not longer than the time necessary 
to learn the existing single-side multi-touch interface. 
Our preliminary results also suggested that the time 
needed to perform a set of 3D object manipulations 
using our double-side multi-touch gestures was not 
longer than the gestures on the existing single-side 
multi-touch. 

Related Work 
Unimanual and Bimanual                                    
Clifton and Daniel [4] conducted an experiment to 

figure 6. Prototype of our double side multi-touch input mobile 
device. The location of back side touch points are displayed to 
provide visual feedback. 

figure 5. The stretch gesture involves 
two grabbing actions and two hands 
moving in different directions. 

 

 



 

compare the difference between unimanual and 
bimanual, direct-touch and mouse input. Their results 
show that users benefit from direct-touch input in 
bimanual tasks. A study by Tomer et al. [5] reveals 
that two-handed multi-touch manipulation is better 
than one-handed multi-touch in object manipulation 
tasks, but only when there is clear correspondence 
between fingers and control points.  

Precision pointing using touch input                           
In addition to two well known techniques, Zoom-
Pointing, and Take-Off, the High precision touch screen 
interaction project [1] proposes two complementary 
methods: Cross-Keys and Precision-Handle. The former 
uses virtual keys to move a cursor with a crosshairs, 
while the latter amplifies finger movement with an 
analog handle. Their work improves the pointing 
interaction at pixel level but has difficulty when targets 
are near the edge of screen. Benko et al. [3] develops 
a technique called Dual Finger Selection that enhances 
the precision of selection on a multi-touch screen. The 
technique achieves pixel-level targeting by dynamically 
adjusting the control-display ratio with a secondary 
finger while the primary finger moves the cursor.  

Back side interaction                                                
The idea of back side touch was first introduced in the 
Gummi project [6] which showed the possibility of 
using the back side touch to interact with a physically 
bendable device. Under-table interaction [9] combines 
two touch surfaces in one table. Since users cannot see 
the touch points on the underside of the table, it 
proposes visual feedback on the topside screen to show 
the touch points on the underside of the table. This 
improves the touch point precision on the underside. 
HybridTouch [7] expands the interaction surface of a 

mobile device to its back side. This is done by attaching 
a single-touch touch pad to the back-side of the device. 
This enables the non-dominate hand to perform 
document scrolling on the backside touch pad. 
LucidTouch [8] develops pseudo-transparency for a 
mobile device’s back-side interaction.  In this, by using 
a camera extended from the device’s back-side to 
capture the locations, fingers operating on the device’s 
back-side are shown on the front screen.  Wobbrock et 
al. [11] also conducted a series of experiments to 
compare the performance of the index finger and 
thumb on the front and the rear sides of a mobile 
device.  

Our work emphasizes finger gestures that involve 
simultaneously touching on both sides of a mobile 
device. These double-side multi-touch gestures are 
suitable for manipulating 3D objects or interfaces on a 
mobile device.  

Future Work and Conclusion 
The double-side multi-touch input device provides new 
possibilities for interface and the manipulation of 3D 
objects on mobile devices. Several touch gestures are 
proposed that simulate how we use our fingers to 
interact with objects in the physical world, including 
grabbing, dragging, pushing, flipping, and stretching. 
We have created a preliminary prototype and 
developed these finger gestures.  

In our future work, we will conduct a more extensive 
user study to evaluate the double-side multi-touch 
interaction model. Based on user feedback, we would 
improve and fine-tune this interaction model. 



 

We are interested in applying a physics engine to 
simulate when force is exerted on the surfaces of the 
object. Given a soft body object, it would bend. If the 
soft body object has flexibility, its shape would recover 
when the exerted forces are gone or become weak. For 
a rigid body object, it can be torn apart or broken into 
pieces by grabbing two edges and pulling it in opposite 
directions.  

We are also interested in mobile applications, e.g., 
games, which can utilize the features of double-side 
multi-touch interaction. In all, we believe that double-
side multi-touch interaction is promising for future 
development.       
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