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Abstract. Simulations are used in various fields of education. One approach of 
improving learning with simulations is the development of natural user interfaces, 
e.g. driving or flight simulators. The Virtual Theatre enables unrestricted 
movement through a virtual environment by a Head Mounted Display and an 
omnidirectional floor. In the experimental study presented (n = 38), the effects of 
objective hardware characteristics were being tested in two groups. The task was 
the same: Remembering positions of objects after spotting them in a maze. One 
group fulfilled the task in the Virtual Theatre, the other group on a laptop. 
Personal characteristics (gaming experience, locus of control) and perception 
measures for immersion (spatial presence, flow) were also assessed. Analyses 
show that the Virtual Theatre indeed leads to more spatial presence and flow, but 
has a negative effect on the task performance. This contradicts the common 
assumption that immersion leads to better learning. 

Keywords: Immersion, Spatial Presence, Flow, Learning, Simulators, Natural 
User Interfaces.  

1 Introduction 

Simulations are used in various fields of education. By imitating real-world processes, 
personnel skills can be developed, increased or maintained. Especially if the learning 
process requires expensive equipment or usually would take place in a hazardous 
environment, the use of simulations is not only beneficial but absolutely necessary  
[1, 2]. Apart from the software, the user interfaces of the technological systems 
applied in the simulation environment can affect the learning process [3]. One 
approach of improving learning with simulations is the development of natural user 
interfaces. A common example is the use of flight simulators including authentic user 
interfaces within pilot training instead of using just the simulation on a regular 
desktop computer. According to the classical memory theory, if the context in which 
we use our knowledge i.e. in which we have to transfer it to new situations resembles 
the context in which we learned the information in the first place, our memory works 
better. Moreover, how well we can retrieve knowledge from our long term memory 
depends on the quality of how well we encoded the information [4]. In the case of 
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computer-aided learning, encoding information can be considered as a task, which is 
partitioned in at least two parallel sub-tasks: Dealing with the content and controlling 
the learning environment with the respected user interfaces [5]. Therefore a lot of 
research and development activities follow the assumption that if the user can 
interface with the system in a natural way, more focus can be used for training than 
for the control itself [6]. However, to assume that hardware or software characteristics 
automatically lead to better learning outcomes is risky. Not every new approach 
which is technically feasible improves learning in the sense of task performance. The 
danger of designing complex and expensive virtual learning environments without 
having a positive impact on learning outcomes is obvious. However, judging the 
value of a virtual environment simply by its effect on task performance misses out on 
other factors which support learning. Boosting the students’ motivation to deal longer, 
more steady or more effectively with the given content is also an important goal of 
virtual learning environments [7, 8]. Apart from learning outcome and motivation, a 
peak to a different domain reveals a third intended effect of virtual environments. 
According to the entertainment sector, the extent to which a game or in general a virtual 
environment can “draw you in” functions as a quality seal [1]. This phenomenon is 
often referred to as immersion. A figurative definition is given by Murray [9]: 
"Immersion is a metaphorical term derived from the physical experience of being 
submerged in water. We seek the same feeling from a psychologically immersive 
experience that we do from a plunge in the ocean or swimming pool: the sensation of 
being surrounded by a completely other reality, as different as water is from air that 
takes over all of our attention our whole perceptual apparatus" [9, Murray].  

Enabling natural movement as the most basic form of interaction is considered an 
important hardware quality to create immersion [10]. Manufacturers of hardware that 
are supposed to enhance immersion claim that “Moving naturally in virtual reality 
creates an unprecedented sense of immersion that cannot be experienced sitting 
down” [11]. Almost 20 years ago, this could already be confirmed by Slater [10]. 
Another basic assumption in the context of virtual learning environments and natural 
user interfaces is that greater immersion means better learning and potentially higher 
training transfer [3, 6]. This suggests that immersion would be the precondition for 
better learning, caused by the qualities of the user interfaces. However, if virtual 
environments are used in educational contexts, those assumptions need to be 
confirmed by empirical evidence. The presented study therefore focuses on the 
following questions: 

• Do natural user interfaces create a higher sense of immersion? 
• Do natural user interfaces lead to better learning?  
• Is immersion a necessary precondition for learning with natural user interfaces in 

virtual environments? 

If assessed in an experimental setting, the construct of immersion needs to be 
specified. Spatial presence and flow are considered key constructs to explain 
immersive experiences. In general, flow describes the involvement in an activity  
[12, 13], whilst spatial presence refers to the spatial sense in a mediated environment 
[10, 14]. Spatial presence, as indicated in the name of the construct, refers to the spatial 
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The strength of spatial presence experienced in a VE is supposed to vary both as a 
function of individual differences and the characteristics of the VE [3]. A general 
interest in the topic appeals to a person’s curiosity and the motivation to learn something 
new. If chances to learn or experience something new are low, the motivation to learn 
decreases [7, 16]. However, we believe that not only interest in a topic but also in the 
way of presenting it can influence subjective experiences during the learning situation as 
well as learning outcome. The subscale domain specific interest of the MEC-SPQ refers 
to the topic of the medium, in our case the virtual environment. Because of the given 
considerations mentioned above and since interest in mazes didn’t seem like a helpful 
operationalization for domain specific interest, we adapted it to interest in digital games. 
Additionally, participants were asked to state their gaming frequency, i.e. how many 
hours they played digital games per week. How well a person learns with the assistance 
of technology depends not least on whether a person has any experience with the 
respective technology and if not, feels capable of learning it quickly. The construct 
“locus of control regarding the use of technology” describes the extent to which a 
person believes that he or she can control technical devices in everyday life. It is a 
technology-related personality trait of human-computer interaction and was measured 
with the short scale from Beier [17]. Based on all theoretical considerations, the general 
hypothesis of the study was that natural user interfaces should have a positive effect on 
subjective experiences during the learning situation as well as on learning outcome, in 
our case operationalized in task performance.  

The set of hardware characteristics functioned as the first independent variable in the 
presented study. Furthermore, the test persons’ locus of control regarding the use of 
technology (second independent variable), interest in digital games (third independent 
variable) and gaming frequency (fourth independent variable) were measured before the 
first task. As dependent variables, spatial presence and flow were measured after the 
first task which had to be fulfilled either in the Virtual Theatre or at the laptop. As 
dependent measures of task performance, three different variables were analyzed: The 
number of objects that were correctly recognized in the second task, the third task 
reaction time and the accuracy of locating the objects on the map in the third task.  

2.3 Hardware 

Laptop. In the presented study, learning in a Virtual Theatre was compared to a 
somehow conventional learning with a laptop. The type being used was a Fujitsu 
Lifebook S761 with a 13,3 inch display and a 1366x768 display resolution. The field 
of view was controlled with a mouse. Locomotion was controlled by WASD-keys, 
where W/S keys controlled forward and backward while A/D keys controlled left and 
right. The hardware usually results in a sitting body posture while using the device. 

Virtual Theatre. The Virtual Theatre is an innovative platform which enables 
unrestricted movement through a virtual environment and therefore is used in an upright 
body posture. The control mode of locomotion is walking naturally. The components of 
the Virtual Theatre which came to use in the study are pictured in Figure 4 and 
moreover described in the following sections. For a more detailed and complete 
description of the technical system see Ewert et al. [1] and Johansson [6, 18].  
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4 Discussion 

Two different types of hardware as well as personal characteristics were analyzed 
regarding their effect on subjective experiences and task performance. Concerning the 
effects of natural user interfaces, the results show that the Virtual Theatre indeed 
leads to more flow. This is due to a higher self-reported level of absorption in the 
Virtual Theatre group. Although flow is an activity related construct, this result is in 
line with the theoretical assumptions that hardware which allows natural walking can 
support the feeling of “diving” into the virtual environment, which in general terms is 
often referred to as immersion.  

Next, the effects of the hardware on spatial presence are analyzed in more detail. 
Students who used the Virtual Theatre reported a higher self-location in the virtual 
environment which indicates that they had shifted their primary reference frame from 
the physical to the virtual world. Although the given task didn’t require any further 
non-mental actions but navigating through the virtual environment, students in the 
Virtual Theatre reported higher on the subscale of possible actions. However, for the 
other subscales, no differences were measured. Their role will be discussed when 
looking at the results of the explorative correlations.  

According to the results of this study, immersion is not the precondition for better 
learning in virtual environments with natural user interfaces. Thus, the underlying 
model of the study (see Fig. 1) needs to be adjusted for further research. The only 
effect of the Virtual Theatre on task performance was a negative influence on 
recognition. This result is contradictory to the assumption that immersion leads to 
better learning. It seems that controlling the hardware was less intuitive than 
expected. This probably lead to the typical situation for learning with virtual 
environments: Dividing the available cognitive resources on the two parallel sub-tasks 
of dealing with the content and controlling the learning environment with the 
respected user interfaces [5]. Moreover, the combination of an HMD and real physical 
locomotion could lead to cognitive dissonance. When wearing the HMD, the user can 
see, where he or she walks in virtuality, but not in physical reality. Therefore the user 
takes a risk and has to trust in the technology in order to continue his or her actions. 
Last but not least, walking on the omnidirectional floor is a new experience for users 
and therefore could result in the fear of falling. All interpretations for the given results 
are going to be addressed in a follow-up study, where previous participants of the 
study will be interviewed on their experiences.  

When we look at the correlations of the different constructs which were under 
study we see a slightly different picture: Although not all results are discussed in 
detail, we want to put the most relevant ones into focus. The positive correlation of 
self location and errors is in line with the previously discussed results, but therefore 
also contradictory to the assumption that immersion leads to better learning. However, 
the negative correlation of the self-reported spatial situation model and deviation 
supports this assumption. Domain specific interest i.e. interest in digital games 
correlated negatively with deviation and with time, just like locus of control regarding 
the use of technology and time. Therefore, in this experimental setting, the experience 
with virtual environments and the belief of being able to control technology had a 
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bigger influence on those two performance measures than flow and spatial presence, 
the two indicators for immersive experience. The fact that flow correlated highly 
significant with the self-reported spatial situation model, possible actions and self 
location indicates that the constructs are two related facets of immersive experiences. 
The only correlation between personal characteristics and subjective experiences was 
between gaming frequency and higher cognitive involvement. In other words, 
experienced gamers were not challenged enough in this experimental setting.  

5 Limitations of the Present Study and Future Research 

Finally, some limitations of the present study are considered that should be pursued 
for future research. One limitation refers to the type of hardware examined. Since the 
different technical characteristics of the Virtual Theatre can only be tested in a set, it 
is not possible to isolate single effects. Moreover, the relationship between spatial 
presence and learning is not clear yet, since one subscale (self location) correlates 
with worse performance (making more errors) whilst another one (spatial situation 
model) correlates with better performance (less deviation when locating objects on a 
map). The other aspect concerns the task chosen for this experiment. Low levels of 
cognitive involvement in both groups indicate that the whole sample might not have 
been challenged enough. Since challenge is an important precondition for the 
motivation for learning, more challenging tasks are going to be tested in the future.  

This first exploratory study on the effects of the Virtual Theatre on subjective 
experiences and learning confirmed a few theoretical assumptions but also 
contradicted others. In a next step, interviews with participants from both groups are 
going to be conducted. A deeper insight on the participants’ experiences will allow a 
more differentiated view on the subject of our research. With a constant validation of 
the relationship between personal characteristics and hardware, it is possible to 
predict the level of subjective experiences to a certain extent. Thus, a profile could be 
developed, for whom the Virtual Theatre would have the most additional benefit. 
Moreover, different scenarios could be developed for different user types.  
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