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Executive summary  

Education and training is evolving at an accelerated rate along with an increased level of integration 
with ICT systems. Growth in this area will only continue. Education and training integrated with ICT 
systems is progressing in two ways: one is in the use of virtual digital information without the use of 
devices, and the other is in the use of both virtual digital information and sensor devices. Both types of 
education and training will expand based on the advance of ICT including virtual reality (VR) and 
augmented reality (AR). Note that mixed reality (MR) is a mix of real and virtual reality and is therefore 
presumed to be included in the continuum of VR and AR in this paper. 

Virtual education and training systems are typical applications for systems integration. They are based 
on the technologies of VR and AR with sensors. Although education and training areas are diverse, 
virtual education and training systems can have unique information modeling, as well as common 
functionalities. Common teaching and learning technologies for virtual education and training systems 
can be determined by categorizing use cases for education and training based on VR and AR. 

Education and training has been integrated with digital information systems and the development of 
education and training information systems is increasing. It is presumed that application-dependent 
methods are being used since the areas of education are vast and simulating education and training 
with a unified procedure may not be feasible. However, from the point of view of ICT integration and 
information modeling, virtual education and training systems can be developed based on a systematic 
design approach with standards. In this paper, a systematic standards-based design approach that can 
be used as a guideline for developing virtual education and training systems in various areas is 
provided. 
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3D    3-Dimensional 

AFX   Animation Framework eXtension  

AR   Augmented Reality 

ARAF   Augmented Reality Application Format  

BIFS  BIFS: BInary Format for Scenes 

DRM  Data Representation Model 

EDCS   Environmental Data Coding Specification 

HDR  High Dynamic Range 

HEVC  High Efficiency Video Coding 

HNSS   Hybrid Natural/Synthetic Scene 

H-Anim Humanoid Animation 

ICT   Information and Communications Technology 

IT   Information Technology 

ITLET  IT-enhanced Learning, Education, and Training 

JPEG  Joint Photographic Experts Group 

LET   Learning, Education, and Training  

LOA   Level of Articulation 

MAR  Mixed and Augmented Reality 

MLR  Metadata for Learning Resources 

MPEG  Moving Picture Experts Group 

MPEG-A Augmented Reality Application Format  

MR   Mixed Reality 

OMAF  Omnidirectional Media Format  

SAI   Scene Access Interface 

SRM  Spatial Reference Model 

STF   SEDRIS Transmittal Format 

VR   Virtual Reality 



ISO/IEC 2019  

vi ©  ISO/IEC ɀ All rights reserved 

SEDRIS  Synthetic Environment Data Representation and Interchange Specification 

VRML  Virtual Reality Modeling Language 

X3D   Extensible 3D 

XML   Extensible Markup Language 

 



ISO/IEC 2019  

©  ISO/IEC ɀ All rights reserved 1 

1. Introduction  

Virtual education and training systems are typical applications for systems integration. These systems 
use virtual reality (VR) and augmented reality (AR) with sensors for education and training. Although 
education and training areas are diverse, virtual education and training systems can have unique 
information modelling requirements, as well as common functionalities. Common teaching and learning 
technologies for virtual education and training systems can be determined by categorizing use cases for 
education and training based on VR and AR. 

VR and AR based virtual education and training systems have requirements related to learning and 
teaching technology, representation, exchange, data, and device, in the following ways. First, existing 
learning and teaching technology should be extended and integrated with the use of VR and AR 
technology. Based on changes in learning and teaching methods when using VR and AR, requirements 
for interaction and simulation should be added. Second, 3D visual and interactive representation should 
be provided to enhance the effectiveness of education and training. 3D simulation is an important 
aspect in representing educational information and in understanding education and training content. 
Third, information for education and training should be exchangeable over heterogeneous computing 
environments so that users can access education and training information anytime, anywhere. Fourth, 
information data for education and training should be organized and transferred securely and without 
delay. Fifth, interfaces for interacting with devices and sensors should be included. Safety should also be 
a consideration when using larger devices, such as in industrial education. 

This paper provides guidelines for developing VR and AR based education and training systems to meet 
the requirements listed above. The guidelines include concepts, information modelling architecture, 
standards based functional components, and implementation components for virtual education and 
training.  
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2. Scope   

This white paper describes guidelines for developing virtual education and training systems based on 
VR and AR technology.  It  is intended to illustrate information modeling with standards that can be used 
for virtual education and training systems. It provides procedures or methods for developing 3D virtual 
education and training systems based on ISO/IEC JTC 1 standards. It also provides a systematic 
approach to developing applications for systems integration areas. Virtual education and training 
systems based on VR and AR are typical examples of systems integration applications. 

This white paper includes several topics that relate to virtual  education and training systems. First, 
concepts of VR and AR based education and training are defined. Second, it describes software and 
application development technology necessary for virtual education and training systems. Third , 
standards for VR and AR information generation, transfer, and exchange when developing the systems 
are described. The information model and architecture of virtual education and training systems are 
specified as basic standards concepts. Fourth, components for organizing virtual education and training 
systems are discussed based on the standards concepts. Fifth , standards based application development 
technology and software interfaces between computers and devices are described. Finally, 
implementation components for developing VR and AR based education and training systems are 
included.  

This white paper excludes device hardware technology for virtual education and training systems.  
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3. Concepts   

Virtual education and training is a representative area for the application of systems integration 
technology. It is based on MAR concepts[1]  which include VR and AR. It includes computer simulated 
education and training processes, and provides for repetitive and empirical learning in immersive 
virtual environments. 

Use cases for virtual education and training systems can be classified as two types, each defined slightly 
differently. The first is virtual education, which facilitates education via digital information and devices 
based on ICT including VR. Virtual education systems include online and offline learning and teaching 
(Figure 3.1, 3.2). Online virtual learning and teaching are wholly accomplished using computing devices 
in virtual environments, while offline virtual learning and teaching partially uses digital information 
and virtual environments. The latter case corresponds to an environment where both students and 
teacher are present in a classroom and where digital information with virtual environments is 
sometimes used. 

 

 

Figure 3.1 Virtual education systems (1) 
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Figure3.2 Virtual education systems (2) 

 

The second type refers to virtual training systems that make use of real world sensor devices along with 
virtual environments. It is based on MAR virtual environments with training devices, sensor 
information , and interactions with sensors (Figures 3.3, 3.4). 

 

 

Figure 3.3 Virtual  training systems (1) 
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Figure 3.4  Virtual training systems (2) 

Virtual education and training systems are computer hardware and software integrated systems for 
virtual education and training in virtual environments. They can include implementation of education 
and training simulation in 3D virtual environments. When simulating education and training 
information, sensor data from education or training devices in the real world can be imported to and be 
represented in a 3D virtual environment. All virtual education and training systems can have similar 
system functions, so systems integration methods for virtual education and training can be 
standardized. As a result, standardized systems integration guidelines can be drawn on and used when 
developing various virtual education and training applications. 

Figure 3.5 shows the phases of systems integration necessary when developing virtual education and 
training systems in various areas. The first phase represents a systems integration process including VR, 
AR, and 3D simulation based on representing information for virtual education and training. In the 
second phase, real world sensor information can be included and simulated. The third phase represents 
the necessity of standardized systems integration so that common processes for integration can be 
applied to all virtual education and training areas. 

For the first phase, while virtual education and training systems is one typical application area amongst 
many, these applications are, in fact, MAR applications. Figure 3.6 shows the whole range of mixed 
reality , including augmented reality, and the relation between virtual education and training systems 
and mixed and augmented reality.  It shows that virtual education and training systems are the result of 
implementing 3D simulation with sensors in MAR environments.  

For the second phase, sensor based virtual education and training systems integrate physical sensor 
devices (or just physical sensors) and their functionalities in 3D virtual environments. A physical sensor 
device means a physical device that includes sensors such as a simulator. The appearance and physical 
properties of a physical sensor can be represented in a 3D virtual world. In addition, the physical 
properties and events for education and training can be controlled and managed in the virtual world. 

In order to provide the capability to represent and simulate physical sensors in education and training 
systems, the systems require the following: representation of physical sensors, visual and functional 
properties of each physical sensor, physical properties of each physical sensor, control of a physical 
sensorȭs data stream, and an interface for controlling physical sensors in a 3D scene. 

 



ISO/IEC 2019  

6 ©  ISO/IEC ɀ All rights reserved 

 

Figure 3.5  Virtual  education and training systems, and systems integration 

 

 

Figure 3.6 Mixed reality, and virtual education and training systems 

Figure 3.7 shows a physical sensor representation model that can be used for implementing virtual 
education and training systems in 3D virtual worlds. It consists of a sensor simulated MAR world, a 
spatial mapper, and an event mapper. A simulated sensor MAR world organizes MAR content with 
scene composition. ISO/IEC 18038 DIS describes details of the model[2] . 
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Figure 3.7 A sensor representation model in a MAR world 

The sensor representation model can be used as a basis for implementing virtual education and training 
systems.  The middle of the figure shows 3D scene information modeling for education and training, 
while at the left is a spatial mapper that recognizes location and orientation. At the bottom is an event 
mapper that sends sensor information to the 3D scene. Finally, at the right is the rendering and display 
of the 3D scene. 

The framework for virtual education and training systems consists of various components (Figure 3.8). 
In the figure, the upper half represents various applications of virtual education and training, while the 
lower half shows virtual training system components. The middle part in the lower half represents the 
required technologies for the systems. Education and training content can be input to the systems via 
the combination of a virtual simulation platform and an experience and knowledge database. Simulator 
software should be provided for education and training. This includes a simulator control management 
tool, operations management, and evaluation. 

When developing virtual education and training systems based on the framework, the following 
technologies, in addition to VR and AR, are needed: 

¶ Content creation and manipulation  

¶ Information modeling 

¶ Visualization and simulation 

¶ Sensor representation 

¶ Real world representation 

¶ Graphical user interaction 

Content creation and manipulation should include definition, storage, retrieval, transfer, and interaction 
with teaching and learning knowledge. Since learning and teaching technology can be combined with 
knowledge databases, guidelines on how to create and manipulate knowledge databases of education 
and training content should be provided. In addition, user interfaces for learning and teaching should be 
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standardized. Information modeling using VR and AR is necessary to be defined and implemented for 
virtual education and training systems so that content in knowledge databases can be simulated in 
virtual environments. How to define and represent education and training information in relation to VR 
and AR should be analyzed. Visualization and simulation should include 3D representation, and 
simulation methods or procedures for education and training. Sensor representation should include 
real world sensor information used for education and training. Real world representation should 
include real world physical objects represented in virtual environments. Graphical user interaction 
should include types and usage of interfaces with virtual environments during education and training. 

 

 

Figure 3.8  Virtual education and training systems framework 

4 Information modeling  architecture for virtual education and training  

Virtual education and training systems can be developed with systems integration technologies. Figure 
4.1 illustrates the basic information modeling architecture for the systems.  The four horizontal layers 
at the left represent the hierarchy of technologies necessary for systems integration in all areas. Starting 
with  the bottom layer, ICT fundamental technologies should be the basis for all areas of systems 
integration. The next layers represent the need for ICT information modeling, ICT information exchange, 
and ICT information interaction and interface when developing the systems. The four vertical layers at 
the right represent the integration of technologies. ICT visualization includes all technologies at the 
horizontal layers, as does ICT visualization processing. Systems integration includes all technologies at 
the vertical layers, as well as an additional area to be integrated with ICT. Therefore, virtual education 
and training systems need all the technologies at the horizontal and vertical layers. ISO/IEC JTC 1/SC 24 
is focusing on standards development in ICT visualization and its data processing areas. SC 29 is 
focusing on standards development in ICT data transmission, processing, and encoding/decoding. SC 36 
is focusing on learning, education, and training and their data processing areas. 

In Figure 4.2, the horizontal layers correspond to visual technology, visual information modeling, visual 
information exchange, and visual information interaction from the technical point of view for ISO/IEC 
JTC 1/SC 24 and SC29. For SC36, the layers correspond to education technology, education information 
modeling, education information exchange, and education information interaction. When developing 
systems integration applications, real world information, including various types of sensors, should be 
included. In this case, another layer should be added to the horizontal layers. In Figure 4.3, the top most 
layer represents information processing in relation to real word sensors and the facilities necessary for 



ISO/IEC 2019  

©  ISO/IEC ɀ All rights reserved 9 

systems integration applications. In order to process real world information at this layer, VR, AR, and 
MR technologies should be used. The two rightmost columns represent these technologies. Amongst the 
many applications in systems integration areas, virtual education and training systems are typical 
examples. These reside in the systems integration area. 

 

Figure 4.1  Basic architecture for developing ICT integration systems 

 

Figure 4.2  Architecture for integrating ICT visual information and education 
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Figure 4.3  Virtual education and training systems and systems integration 

 

Regarding the development of virtual education and training systems, Figure 4.4 shows the role of each 
working group in JTC 1/SC 24, Figure 4.5 shows the role of each working group in JTC 1/SC 29, and 
Figure 4.6 shows the role of each working group in JTC 1/SC 36. 

 

Figure 4.4  SC24 working and study groups for virtual education and training systems 










































