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Abstract.  Controlling the available degrees of freedom in virtual environ-
ments often represents a challenge for the design of 3D user interfaces. Based 
on the concept of Tangibles and their natural affordances for spatial interaction, 
we conducted a study to investigate how users intuitively use physical objects 
in Virtual Environments. The results reveal a wide range of different ap-
proaches. This specifically relates to the utilization of an object’s surface or 
edges for different functions or as representation of elements in the virtual 
world. The findings of the study have several implications on further research 
directions regarding tangible objects in Virtual Environments. 
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1 Introduction 

Without constraining the interaction, the available degrees of freedom in three-
dimensional virtual environments make it difficult to execute tasks efficiently and 
precisely. Within the last decades different technologies were developed and tested in 
this context, for example gesture or speech. The use of natural gestures and move-
ments in virtual environments has several disadvantages, such as the lack of haptic 
feedback [1] and the restricted interaction space. A different approach incorporates 
the concept of Tangible User Interfaces (TUI) [2]. Apart from providing haptic feed-
back, physical objects offer intuitive affordances [3]. Previous research has shown 
that using Tangibles for interaction can increase the performance of specific tasks [4]. 
At the same time, carefully designed TUIs can enhance the comfort of interaction [5]. 
By consulting principles of interaction from the real world, the required mental effort 
for operations in the virtual environment can be reduced [6]. The gained benefit from 
applying real-world-principles can be improved by extending objects with additional 
digital capabilities to increase their power and versatility [6]. Therefore digital aug-
mented physical objects provide a method to bridge the gap between real and virtual 
environments [7]. By carefully designing tangible interfaces their natural affordances 
can be utilized to guide the user and facilitate the interaction. 
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However, the sphere did not provide any clues about the current orientation, causing 
confusion among some participants. In contrast to the other objects, the shape of the 
sphere causes an inherent instability. Therefore many participants recommended a 
fixation of the object. 

5 Discussion 

On a general level, the observed interaction techniques can be divided into five basic 
forms: 

1. Walking - The participants moved in front of the projection, holding the object in 
their hands. This implies that the shape of the object did not have any significant 
influence. 

2. Moving - The object was moved relative to the body to execute an action. 
3. Steering - The participants used small object-specific movements, such as tilting, 

rolling or sliding the object. The position of the object relative to the body or to the 
projection had no significant influence. 

4. Touching - The surface of the object was used for interaction. 

A common behaviour was a mixture of Moving for orientation and Steering for navi-
gation. However, the observations imply a strong influence of the object shape, its 
size and the structure of the virtual environment on the type of interaction used: The 
specific interaction tasks are determined by the structure of the virtual environment 
(e.g. in an interactive visualization of the solar system an orbital navigation could be 
used, which incorporates completely different interaction tasks). On the other hand, 
the size of the object determines which interaction type may be used. Smaller objects 
are more likely to be used in conjunction of the first two types, whereas the surface is 
more frequently utilized when interacting with larger objects. The shape and its haptic 
sensation are another important factor, which explains why the cube was rated signifi-
cantly worse regarding performance or suitability, despite of the numerous possibili-
ties it offers. 

The cube can be characterized as static and rather abstract. These characteristics 
stand in conflict with the immersive setting of the user in the study. In a more abstract 
or mathematical tasks, such as CAD or 3D-modelling, the cube may receive a higher 
rating. In contrast, the sphere can be described as dynamic and organic. However, 
this dynamism has some disadvantages. This could be addressed with a fixation, 
which may increase the stability and hence reduce the insecurity of the user regarding 
the orientation. The cylinder represents a combination of both types, as it incorporates 
both dynamic (when rolling) and static (standing on its ground surface) aspects. Its 
anthropomorphic form induces a congruency between the structure of the environ-
ment and the interaction device. Therefore, the cylinder represents a suitable instru-
ment for operating in an immersive, real-world setting. 
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