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ABSTRACT 

How does the virtual representation of the user's hands influence 
the performance on a button selection task performed in a tablet-
based interaction within an immersive virtual environment? To 
answer this question, we asked 55 participants to use three 
conditions: no-hand avatar, realistic avatar and translucent avatar. 
The participants were faster but made slightly more errors while 
using the no-avatar condition, and considered easier to perform 
the task with the translucent avatar.  

Keywords: hand-avatar, immersive virtual environment, mobile 
device, input device, button selection task, user study. 

Index Terms: H.5.1 [Information Interfaces and Presentation]: 
Multimedia Information Systems—artificial, augmented, and 
virtual realities. 

1 INTRODUCTION 

Recent works suggest the effectiveness of smartphones and tablets 
as unseen interaction devices in virtual reality systems [1,2,3]. In 
contrast to other input solutions, mobile devices, besides 
providing touch feedback, offer a different range of interactions 
due to their onboard sensors and touchscreens. Also, the user 
interface is adaptable, always available and accessible and can be 
conveniently moved. Moreover, most of us are now used to 
interact with touchscreens in smartphones and tablets, and so the 
mobile-based interaction is expected to be natural and easy to 
learn, potentially improving the usability of a Virtual 
Environment (VE). In the context of the development of a low-
cost immersive VE supporting mobile device interaction we 
studied the viability and technical limitations of such a system and 
the best interaction model for selection. The influence of the hand 
representation in the VE is important in the interaction design, and 
although previous studies report that users often prefer hand 
representations with higher visual fidelity in other setups [4], we 
could not find guidelines to our specific case. Thus, we compared 
two hand representations, a realistic and a translucent avatar, with 
a no-avatar condition. The task required the user to select a series 
of buttons on the virtual tablet mapping the real tablet in the 
Virtual Environment.  

2 USER STUDY  

The study aimed to assess if having a virtual representation (ore or 
less realistic) of the hands would improve the interaction with the 
(virtual) tablet in a selection task in an immersive (VE).  

2.1 Experimental Setup 

The study was performed using a system applying a similar 
concept to the "pen & tablet" metaphor by Bowman [5]. The 
physical tablet and the user’s hands are tracked and have a 
representation in the VE. A 2D interface is displayed on the 
virtual tablet screen with which the user interacts using both 
hands. The interface is always available and can be moved. 
The system is based on a laptop running the main application 
developed in Unity. It includes a HMD (Oculus Rift DK2) 
providing head tracking, a tablet (Google Nexus 7) as input device 
running the controller application (also developed in Unity), and a 
sensor (Leap Motion) to track the user’s hands. To map the tablet 
position in the virtual world the Vuforia extension for Unity was 
used to track the position and orientation of the tablet camera 
relatively to an AR marker stuck on the front of the HMD. This 
tracking has the advantage of implying no extra device attached to 
the tablet as it is only necessary to maintain the camera pointed to 
the marker; whereas the area of interaction is small, it is enough 
for selection tasks in various usage scenarios. The Leap Motion 
sensor was also mounted on the Oculus to track the hands, and a 
model available in the Leap Motion SDK for Unity 5 was used. 
Figure 1 shows a participant using the experimental setup.  

 
Figure 1: Participant using the experimental setup: tablet front 

camera (1) tracking the AR marker on the Oculus (2) and the 
Leap Motion (3) mounted on the Oculus tracking the hands. 

2.2 Task 

The task consisted in selecting as fast as possible a highlighted 
button from a group of twenty buttons that appeared on the virtual 
tablet screen (figure 2). This task was chosen as it implies an 
accurate interaction that can be useful in many scenarios (e.g. to 
select a menu option, or a key). Every touch provided visual 
feedback through a blue dot. In case of wrong selection, users 
may drag the finger on the screen and select again with an 
additional lift of the finger. The button briefly turns red in case of 
a wrong selection. After a correct selection another randomly 
chosen button is highlighted in blue. For each of the three tested 
conditions (hand, translucent hand, and no avatar) the participants 
had to perform twenty five successive selections.   
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2.3 Experimental Design and Procedure 

The hypothesis defined was that the three experimental conditions 
are equally usable to perform the task. The independent variable 
was the type of virtual hand representation with three levels 
corresponding to the three experimental conditions (figure 2): 1- 
No avatar: the user performed the button selection task while only 
viewing the virtual tablet; 2- Realistic avatar: a virtual 
representation of the user hands' movement is shown to the user; 
3- Translucent avatar: similar to the Realistic virtual hand using a 
translucent hand model to alleviate the effects of hand occlusion. 

Figure 2: Three experimental conditions (from left to right): no 
avatar, realistic avatar, and translucent avatar. 

The dependent variables were performance measures and opinion. 
The former (time to complete the task and number of selection 
errors) were automatically logged during the experiment and the 
latter was assessed through a post-task questionnaire.  
A within-group experimental design was used; all participants 
used the three experimental conditions; however, the order was 
varied among participants to avoid bias due to learning effects. 
At the beginning of the experiment each participant was briefed 
about the equipment and task and had the opportunity to get used 
to the virtual environment and the equipment. The final stage of 
the experiment was a questionnaire with general questions about 
age, gender and previous experience, and questions related to each 
virtual hand representation (based on a questionnaire developed 
by Zielinski et al. [6]). Fifty five students from our department 
participated in the experiment; 52 (48 male and 4 female, aged 
from 19 to 28 years) completed the questionnaire. 

3 RESULTS AND DISCUSSION 

3.1 Results Concerning Performance  

Figure 3 shows the boxplots of the time for each user to complete 
the task in each condition. A few experiments were removed from 
the analysis due to severe tracking errors (outliers). Participants 
completed the button selections in average faster when no virtual 
hand representation was shown (38.6s) in comparison with the 
realistic avatar (53.0s), and the translucent avatar (50.1s). A 
Friedman test rejected the equality hypothesis (with p=0.001) and 
a post-hoc multiple pair comparison showed that the no avatar 
time was different from the other two conditions.  
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Figure 3: Box plots of the task completion time (s) for the three 
hand representations (no hand, realistic, and translucent). 

Regarding selection errors, the average was 14 errors for the no 
avatar condition, 12 for the realistic, and 11 for the translucent 
avatar. Participants made slightly less selection errors with the 
virtual hand representation (realistic or translucent); a Friedman 
test marginally rejected the equality hypothesis (p= 0.048). 

3.2 Results Concerning Participants’ Opinion  

Regarding the questionnaire results the translucent avatar was the 
condition more often preferred, ranked 1st by 25 participants, and 
ranked 3rd only by 9 participants. Participants who preferred the 
no avatar condition stated they favored it due to hand calibration 
issues that occurred during the experiment, when the virtual hands 
position was inaccurate and the avatar became a distraction.  
Results concerning difficulty show that participants found the task 
easier to perform while using the translucent virtual hands. A 
Friedman test rejected the equality hypothesis (p=0.001). As to 
interaction, participants felt less able to interact with the tablet 
while using the realistic avatar. Also, a Friedman test rejected the 
equality hypothesis (p=0.025). Moreover, participants felt as if the 
hand representation moved more like they wanted it to move with 
the translucent avatar. A Wilcoxon test (matched pairs) rejected 
the equality hypothesis (p=0.001). It is noteworthy that in all cases 
the translucent avatar was consistently considered as better than 
the realistic avatar, and this was statistically significant. 

3.3 Discussion  

The better results regarding task completion time were obtained 
with no virtual hand probably due to tracking inaccuracies of the 
tablet and hand. It was not surprising to find that by having either 
the realistic or the translucent avatar users were slightly less prone 
to make selection errors, as the feedback given by the virtual hand 
representation may help selection. This is in accordance with the 
results from the questionnaire, as the participants found generally 
easier to complete the experiment with this condition.  

4 CONCLUSION AND FUTURE WORK 

Results suggest that having a virtual representation of the hands 
may improve the user experience in a tablet-based VE interaction, 
and the avatar does not need to be completely realistic, which may 
alleviate the implementation. Also, they support the idea that it is 
reasonably natural to interact with a tablet in an immersive VE, 
possibly because currently we are so used to these devices. 
Future research should concentrate in improving the tracking, still 
presenting limitations, particularly the hand tracking with the 
Leap while holding the tablet. It is also important to explore the 
influence of the hands avatar, for instance, with other types of 
mobile devices, to perform different tasks in VEs, and using other 
non-realistic (e.g. robot or cartoon-like) avatars. 
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