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Abstract— Virtual reality has been emerged into many fields of 
studies such as medicine, education, construction, fashion and 
etc. The computational neuroscience is also one of the fields 
that VR has been an impact. An enormous amount of data is 
gathered after conducting neurological and psychological 
experiments. Those data should be carefully analyzed and 
interpreted by computational neuroscientists to identify the 
data patterns. For the visualization of those patterns virtual 
reality techniques can be a massive contribution. This paper 
presents the technology related to Virtual Reality, how the 
Virtual Reality techniques are integrated with the field of 
computational neuroscience to identify and overcome existing 
barriers and to identify the future improvements to be done in 
order to enhance the field of computational neuroscience.  
 

Keywords—Virtual Reality, Computational Neuroscience, 
Neuroscience, Psychology, Behavioral Neuroscience 

I. INTRODUCTION  
Interaction of a 3D environment which is not the actual 
reality but a fantasy, and navigation through this 
environment have been enabled as a result of Virtual Reality 
[1]. Activities what have been experienced in reality can be 
brought into the lives as a near reality using this technology. 
Visual representation is the key component in Virtual 
reality. Although audio sensation is required to provide a 
realistic implementation through this technology. Virtual 
reality has been emerged to various types of research areas 
such as healthcare, construction, scientific visualization, 
fashion, entertainment, military and engineering. Even 
though most of the time Virtual Reality is used to simulate 
an environment which is similar to the real world as in 
military applications, it can be utilized to create 
environments which totally differ from reality as in gaming.  
Neuroscience is a vast area of study which consists of 
different paths. Among those, computational neuroscience 
holds a major position. In Computational neuroscience the 
mathematical tools and functions are applied to represent 
the mechanisms of the brain and nervous system. 
Computational Neuroscience is a combination of distinct 
fields such as Neuroscience, Computer Science, Physics and 
Applied Mathematics. Based on the findings and the results 
which are obtained by conducting experiments, 
comprehensive simulation models related to neurons and the 
neurons as a network are developed to identify and 
understand the processes of nervous system [2]. When 
studying computational neuroscience huge amount of 
complex data should be analyzed and interpreted [2]. 
In order to conduct experiments in computational 
neuroscience in an effective manner, advanced visualization 

techniques are essential. Utilization of Virtual Reality as an 
advanced scientific visualization in computational 
neuroscience can be helpful to process the data in a realistic 
way. Integrating Virtual Reality in computational 
neuroscience can be an efficient technique to identify and 
understand patterns of the data that are obtained from 
experiments.  
The organization of the paper is as follows. In the second 
section an overview of virtual reality and computational 
neuroscience is provided. Major researches in virtual reality 
in computational neuroscience is described under section 
three. The section four and section five identifies the current 
issues of virtual reality in computational neuroscience and 
the applications of virtual reality respectively. Section six is 
about the discussion. Finally the future directions are 
presented in section seven. 

II.OVERVIEW OF VIRTUAL REALITY 

AND COMPUTATIONAL NEUROSCIENCE 
Virtual Reality has become a major component in many 
current fields of study. VR is used for scientific 
visualization considering the management of huge amount 
of data. It is not a new trend but it is rapidly emerging into 
the field of science. Not in the field of science but also in 
the field of psychology the use of VR tools in experiments 
has been increased over the last twenty years of time [3]. An 
immersive Virtual Reality system is among the VR systems 
that provides a figment of imagination to the consumers 
giving the sense that they are inside an environment created 
through computer systems [4]. Computational neuroscience 
is a branch of neuroscience field. Computational 
neuroscience is emerging to the scientific experimental 
field. As an example “Advanced Neurologically  Inspires  

Face  recognition  (ANIF)  system”  can  be  taken  which  

uses algorithms and tools for the experiments of simulations 
of brain functions [5]. Combination of “Brain Computer 

Interface and Virtual Reality (BCI-VR)” can be improved to 

monitor and treat patients who have anxiety disorders [6]. 
Interpretation of huge amount of complex data which are 
generated from the stimulations of neuroscience is one of 
the major task of computational neuroscientists [2]. Virtual 
Reality enables to monitor the activities in the brain with the 
use of image and direct recording while enhancing the 
naturalistic interactive behaviors [7]. In earlier days it was 
extremely difficult to recognize the patterns hidden in 
enormous amount of data which were gathered from 
neuroscientific experiments. Therefore computational 
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neuroscientists were encouraged to use Virtual Reality in 
their field to analyze the data.  

III. MAJOR RESEARCHES IN VIRTUAL 

REALITY IN COMPUTATIONAL 

NEUROSCIENCE 

Over the past years of time researchers have been involved 
in finding ways of how to implement effective systems using 
Virtual Reality in Neuroscience field. Computational 
neuroscience is a combination of neuroscience, mathematics, 
psychology, physics, computer science and engineering. 
Therefore the major researches which were conducted in 
those diverse fields regarding VR are important. 

According to M. J. Schuemie, P. v. d. Straaten, M. Krijn and 
C. A. v. d. Mast when using virtual reality in psychological 
therapy, which is based on concept of presence. This 
research was conducted to investigate how to utilize the 
knowledge of concept of presence for the understanding of 
psychological mechanism with related to an experience in 
virtual reality [8].

When considering a pilot validation study which was 
conducted by W. G. Wright, J. McDevitt and K. O. Appiah-
Kubi, demonstrated that the “portable virtual reality balance 

device” is reliable and experimentally valid to examine the 

symptoms of mild traumatic brain injury (mTBI) [9]. In this 
research 27 number of healthy adults and 8 number of adults 
who were diagnosed with mTBI were involved as subjects to 
prove the validity and reliability of the device.

J. Leigh et al. presented the design of a scalable virtual 
reality system and heuristic based interface library for the 
usage of visualization of simulated data for computational 
neuroscientists. The software and hardware configurations of 
VR visualization systems were included in this research. The 
interface library was known as “V” [2]. 

According to M. K. Annett and W. F. Bischof the VR 
systems should be usable to all the researchers related to the 
fields of psychology and cognitive neuroscience regardless 
of their programming skills and the knowledge related to VR 
technology [1]. They have identified four distinct kinds of 
users and their relevant requirements. Different types of VR 
systems and platforms such as canned systems and custom 
VR systems which are used in psychology and cognitive 
neuroscience were evaluated. 

Social neuroscience is another paradigm which is involved in 
computational neuroscience and that helps to investigate how 
social behaviors and interactions proceed. Enhancement of 
the interactions in social situations can be enabled through 
VR technology, by using it for experimental purposes. This 
research was conducted by Thomas D. Parsons, Andrea 
Gaggioli and Giuseppe Riva to evaluate technologies and 
features available for social neuroscientific experiments. Not 
only advantages but also some challenges when using VR in 
this particular field have been identified. As one of the 
challenges, the ethical issues that were aroused due to the 
involvement of social and personal information during VR 
experiments was presented [10].

The research which was conducted by Shyam Diwakar et al 
analyzed the effectiveness of utilizing virtual labs for the 
education purposes in the scope of neurophysiology by 
gathering feedbacks from students and instructors. 
Development of a tool which is available online to 
enhanceacademic experience was their motive [11]. Virtual 
neurophysiology labs were consisted of three basic 
components as shown in the following figure. 

Fig. 1 Three main components of a Virtual neurophysiology    
lab [20] 

According to S.V. Adamovich et al a system with VR 
simulation environment was proposed to understand the 
behaviors and interactions of the brain through functional 
MRI and validity of that approach was evaluated using a 
sample of 13 healthy right handed people including 9 males 
[12]. At the time of execution of movements in VR, those 
were analyzed and compared with the real experiences. As 
the results had been proved a VR environment with the 
compatibility to function with fMRI can be used to study 
neural networks and derive computational representations. 
Although this system was limited to simple movements it 
could be further developed to cure the patients with 
neurological disorders by integrating hand function 
rehabilitation.  
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IV. CURRENT ISSUES OF VIRTUAL 

REALITY IN COMPUTATIONAL 

NEUROSCIENCE 

Even though there are improvements in the field of 
computational neuroscience where virtual reality is used, 
some limitations still can be identified that need to be 
overcome.  

A. VR and neuroscience 

The users of the VR system in the field of neuroscience can 
be different according to their skill set and knowledge level. 
Therefore at the time of the creation of a VR system this 
condition should be taken into account. Although the 
permission is granted for the researchers and scientists who 
have a sufficient knowledge about VR technology to access 
all the components in the virtual surrounding the installation 
and continuous maintenance is complex and difficult [1]. 

B. Computational Neuroscience 

In computational neuroscience analyzing and interpreting a 
numerous data which were gathered during neuroscientific 
experiments is essential. To perform that task there should be 
an efficient pattern searching technique. The human visual 
system is the most advanced technique that is in the use [2]. 
The implementation of a VR visualization system that can be 
used to detect patterns as human visual system is difficult.  

C. VR applications 

Advanced virtual reality systems are highly expensive and 
require the expertise support for programming, texturing and 
character modelling and animation [7]. As an examples 
“wide-field-of-view head-mounted display (HMD)”, a 

tracking system which covers a large area and exploratory 
new systems can be costly. The VR systems required a 
higher computation speed and graphics processing power 
[13]. 

Although there are inexpensive small installations of virtual 
reality such as “desktop virtual reality” as in computer games 

like Doom, there is a limited permission for the user to keep 
a relationship with the virtually created world [14]. As the 
user is controlling the system with the use of a mouse or a 
joystick the experience is not immersive. 

D. VR and behavioral neuroscience 
 

The utilization of resources related to VR technology in the 
field of behavioral neuroscience and psychotherapy has 
been limited as there are few standardized protocols 

available, and because of that adjusting the tools according 
to experimental requirements is difficult [15]. 
 

V. APPLICATIONS OF VIRTUAL REALITY 

IN COMPUTATIONAL NEUROSCIENCE 
Virtual reality techniques and systems have been applied in 
computational neuroscience by approaching with diverse 
fields such as neuroscience and psychology. 
 
Virtual reality based system which is known as 
Rehabilitation Gaming Station (RGS) for 
neurorehabilitation and brain repair was developed [16]. 
The recovery time of stroke in the stages of acute and 
chronic is reduced. This system is based on a framework 
which is related to mind, brain and behavior that is known 
as Distributed Adaptive Control architecture (DAS). The 
motions of arms are plotted into the virtual character and 
allows for exercising from the elbow and shoulder. This 
speedup the recovery of stroke patients who are in those two 
stages. This system has currently been developed only up to 
at home treatment range.  
 
Although virtual reality is emerging into the field of 
psychology the researchers do not have sufficient 
knowledge regarding VR. Therefore a virtual toolbox for 
experimental psychology was implemented [17]. Various 
types of data about the objects in the virtual environment 
can be stored in this toolbox. This toolbox provided an 
interface which varied from an empty room to big cities. 
This could be used to understand how the brain processes 
and analyze those data which is the field of computational 
neuroscience.  
 
Virtual reality game was designed to provide motivation for 
memory skills. Not only that people who have difficulties of 
learning because of disorders such as Asperger and Dyslexia 
can use this game to reduce their difficulty. Analyzing of 
the responses of the brain during the VR game was 
performed using Quantitative electroencephalogram 
(QEEG). This game was developed using unity 
programming and JavaScript [18]. During the test three 
subjects were involved in the game and memory skill was 
evaluated using auditory and visual stimulations.  
 
Not only virtual environments but also another person’s 

body can be sensed through virtual reality. The bodies can 
be swapped using VR. The head movements of a different 
person can be viewed through head mounted display (HMD) 
and those can be controlled [19]. The experiment was 
conducted between two participants at a time considering 
four main conditions namely exploration where they could 
see the other person’s movements instead of their own 

movements, explore touch, narrative with objects, shaking 
hands and face to face communication. The following figure 
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shows the system namely “Machine To Be Another 

(TMBA)” which was used to carry out this research. 

 
Fig. 2 “The Machine to Be Another(TMBA) system”, by 

“BeAnotherLab” [5] 
 
In addition to that another set of experiments have been 
conducted based of this virtual interchanging process of 
bodies. According to that although the interchange is virtual 
it is affected to the attitudes and behaviors. As an example 
the researchers have shown that an adult who occupied in a 
virtual body of a child overestimated the objects since the 
mindset is changed based on the virtual body swapping [20]. 
 
A web based neuron and network simulator using virtual 
reality was developed with the technologies such as 
JavaScript, python and HTML5. That was utilized for 
modeling of spatio-temporal computations in nervous 
system of animals [21]. This tool was used for teaching 
purposes in neuronal biophysics and circuit dynamics. 
 
When there are many experiments done in neuroscientific 
field the growth rate of data of different types will have an 
exponential growth. As discussed, it is difficult to analyze 
and interpret the data that were utilized in “non-linear 
discriminant neural networks”. Therefore as a solution for 

this problem VR spaces with a better quality were 
introduced with the use of “multi objective optimization 

based on genetic algorithms (MOGA)” [22]. 
 
Neuro-Imaging gave the opportunity to get the images of 
functioning brains for the experiments which are used by 
neuroscientists. However information which is available in 
3D environment is getting limited when those are captured 
with the use of 2D images. Therefore “Neuro Imaging in 

VR (NIVR)” technique was proposed with the engagement 

of immersive visualization [23]. This application was 
developed using unity platform. In this tool the MRI files of 
the user are included and represented in a “Data Cube” that 

can be positioned into a socket and a particular neuro 
visualization mode gets activated depending on the socket. 
This is able to provide a natural and real environment which 
opens doors for fine volumetric details. Not only that, users 
have the ability to interact with any of the visualized region 
by moving that region.  

VI. CONCLUSION 
With the vast development of technology all the scientific 
field are becoming more advanced. The utilization of virtual 
reality in the branches of computational neuroscience such 
as psychology, cognitive neuroscience and behavioral 
neuroscience is visible through applications and researches 
which have been conducted. Therefore the challenges in this 
area of study are also identified. Because of those 
challenges more future directions are revealed for the 
continuous improvement of this particular field.  

VII. FUTURE DIRECTIONS OF VIRTUAL 

REALITY IN COMPUTATIONAL 

NEUROSCIENCE 
 
As the technology become advanced the improvements in 
the field of computational neuroscience with the use of 
virtual reality is visible.  
 

A. VR technology 
 

The automation of VR based experiments will cause the 
trials to be shortened and many trials can be taken place 
within a short time period [24]. VR technologies can be 
integrated with gaming applications when using them for 
basic neuroscientific experiments as this leads to many 
benefits such as reduced cost [25]. At the present time, from 
the implementation of virtual environments it has been 
developed to virtually swapping body movements of two 
people. Step by step it is being further developed to full 
body swapping and invisible body [19]. 
 

B. Computational neuroscience 
 

The process of analyzing and interpretation of 
multidimensional data obtained by neuroscientific 
experiments including neuroimaging and fMRI scans can be 
done using a “data driven approach” which enables more 

advanced tools. There is a future trend, to directly apply 
highly detailed computational neuroscientific models to 
understand the activities of brain.  

 

C. VR technology and computational 
neuroscience 

 
The laboratories which were installed for visualization of 
simulated data from the neuroscientific experiments to use 
in computational neuroscience analysis should be 
continuously improved. When considering the 
implementations in current time a virtual reality system for 
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psychology and cognitive neuroscience research known as 
SNaP framework was developed [1]. It can be further 
improved to create a system to allow the users who are not 
familiar with VR technology to get the full control over VR 
environments and become more user friendly. 
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