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This study explored whether students benefited from an immersive panoramic display while 

studying subject matter that is visually complex and information-rich. Specifically, middle-

school students learned about ancient Egyptian art and society using an educational learning 

game, Gates of Horus, which is based on a simplified three dimensional computer model of an 

Egyptian temple. First, we demonstrated that the game is an effective learning tool by comparing 

written post-test results from students who played the game and students in a no-treatment 

control group. Next, we compared the learning results of two groups of students who used the 

same mechanical controls to navigate through the computer model of the temple and to interact 

with its features. One of the groups saw the temple on a standard computer desktop monitor 

while the other-saw it in a visually immersive display (a partial dome) The major difference in 

the test results between the two groups appeared when the students gave a verbal show-and-tell 

presentation about the Temple and the facts and concepts related to it. During that exercise, the 

students had no cognitive scaffolding other than the Virtual Egyptian Temple which was 

projected on a wall. The student navigated through the temple and described its major features. 

Students who had used the visually immersive display volunteered notably more than those who 

had used a computer monitor. The other major tests were questionnaires, which by their nature 

provide a great deal of scaffolding for the task of recalling the required information. For these 

tests we believe that this scaffolding aided studentsô recall to the point where it overwhelmed the 

differences produced by any difference in the display. We conclude that the immersive display 

provides better supports for the student's learning activities for this material. To our knowledge, 

this is the first formal study to show concrete evidence that visual immersion can improve 

learning for a non-science topic.  
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1.0  INTRODUCTION  

This study explored whether students benefit from an immersive panoramic display while 

studying subject matter which is visually complex and information-rich. Specifically, middle-

school students learned about ancient Egyptian art and society using an educational learning 

game, Gates of Horus (section 3.3, p247), which is based on a simplified virtual model of an 

Egyptian temple. First, we demonstrated that the game is an effective learning tool by comparing 

written post-test results from students who played the game from and student in a no-treatment 

control group.  

 

 

Figure 1. The Virtual Egyptian Temple in the Earth Theater 

 

Next, we compared the learning results of two groups of students who used the same 

controls to navigate through the temple and interact with its features. One group saw the temple 

on a standard desktop computer monitor while the other saw it in a visually immersive display (a 

partial dome). The difference appeared when each student gave a verbal show-and-tell 

presentation of the temple and the concepts and facts related to it. During the studentôs 

presentation, she had no cognitive scaffolding other than the virtual temple, on a small wall 
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projection, which the student navigated during the presentation. The other major tests were 

questionnaires, which by their nature provide a great deal of scaffolding for the task of recalling 

the required information. For these tests we believe that this scaffolding aided studentsô recall to 

the point where it overwhelmed the differences produced by any difference in the display. 

We conclude that the immersive display provides better supports for the student's 

learning activities for this material. To our knowledge, this is the first formal study to show 

concrete evidence that visual immersion can improve learning for a non-science topic.  

 

The best introduction to this study is to first read ñSummary and Conclusionò 

(section 7.0 p236).  
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2.0  BACKGROUND  

In this chapter, we will introduce the existing theory and practice upon which we based our 

study. It begins with an exploration of the concepts and practices which comprise Virtual Reality 

and our own working definition of the term. Next, we survey existing VR technology. Then we 

discuss how applications can be made responsive to individual users and their changing needs in 

the Adaptive Hypermedia section. Games are special case of adaptive media. After that, we will 

go into some detail to explain the important educational theories which inform the productive use 

of virtual reality and learning applications. This provides the context for the next section, in 

which we address directly the advantages and disadvantages of using Immersive Virtual Reality 

for education. There, we survey and discuss previous studies and the implications of their 

findings. Finally, we will survey the field called Virtual Heritage, the applications and practice of 

using VR to recreate historical artifacts as they are or as they might have been. Our learning 

game, Gates of Horus, is an adaptive application which employs a pedagogical agent. The temple 

served as the centerpiece of our learning experiments with Immersive VR. This major section 

will give us the context we need to situate and implement our study. 
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2.1 WHAT IS VIRTUAL REAL ITY?  

Virtual Reality has existed in various forms for some time, but the term did not gain wide use 

until it was popularized by William Gibson (1984). There is still no final agreement on its 

precise meaning, in part because VR is being developed and employed by several distinct 

research communities, each with different goals, methods, theories and vocabularies. As VR 

technology continues to advance and its cost continues to decline, more communities are 

developing VR-based applications. This study will focus of two of these groups, educators and 

the traditional VR-research community. This section will describe, (1) the features of VR, which 

are generally agreed upon, (2) what VR means to the traditional VR-research community, and (3) 

what VR means to the educational research community. Later sections of this survey will refer to 

VR as the educators do and will reference the taxonomy and the core principles of VR described 

here. The term Immersive VR will be used unambiguously to refer to VR applications which 

produce sensory immersion. 

2.1.1 Our Working Definition  of VR 

This section discusses the key aspects of virtual reality which are shared among most users and 

researchers, despite cross-disciplinary differences in terminology and approach. 

A ñVirtual Environmentò (VE) is an artificial space, an imaginary or illusory world, 

created and maintained by appropriate computer applications. The user interacts with the VE and 

may also interact with objects, agents or representations of other users found in the VE. For 

example, a flight simulator presents an illusory landscape over which the user appears to fly 

over. The act of navigating the imaginary aircraft through the VE is a way of interacting with it. 

The VE may have other virtual aircraft within it, piloted by other users or by software agents. 

Another example of a Virtual Environment is the online shared VR applications which support 

virtual environments accessible via the Internet. Each user is represented by an avatar, a 
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representation (usually humanoid), with which they interact with the VE and with the other users 

there (SecondLife, 2004; There, 2004; Dede, 2004). 

The term, Virtual Reality, (VR) generally refers to using a computer to interact with a 

virtual environment. The Encyclopedia Britannica (2004) says VR is, ñThe use of computer 

modeling and simulation to enable a person to interact with an artificial three-dimensional visual 

or other sensory environment.ò More specific definitions of VR all depend upon David Zeltzer's 

often cited definition, which maintains that a VR application must have or provide ñautonomy, 

interaction and presenceò (Zeltzer, 1992). However, the meaning of the term ñVirtual Realityò 

continues to evolve and differentiate, as disparate research communities find new ways to use it. 

We present our own working definition for VR, which we state as criteria: 

2.1.1.1 A Three-dimensional Space:  The user perceives an illusory three-dimensional ñspaceò 

known as the Virtual Environment (VE). The VE is an illusion is composed of information 

rendered into a form the user can perceive. Usually, the representation is visual, although many 

VR applications use sound, touch, proprioception, and other senses 

2.1.1.2 Autonomy:  The virtual environment (VE) persists and changes with or without a user 

present. Part of this illusion of temporal coherence is caused by the way in which virtual objects 

and actors respond to the user; they develop in a manner consistent with their purpose and with 

the overall theme of the environment. For example, the NICE project (Roussos 1999) is based on 

a shared children's ñvirtual gardenò where, for example, the carrots continue to grow whether any 

children are òpresentò or not. Each time a child ñvisitsò the garden through some VR interface, 

s/he will ñseeò the carrots in some state resulting from when the carrots were originally 

ñplanted,ò the (virtual) growing conditions and what the other children may have been doing in 

the garden.  

2.1.1.3 Interaction  The user interacts with the virtual environment in a meaningful way (Zeltzer, 

1992). In many VR applications, the central interaction is the ability of the user to navigate 

though the VE, thus appearing to travel in the virtual space. A higher degree of interaction gives 

the user some means of influencing the elements in the VE, whether it is simply moving objects 

or interacting with an intelligent computer-generated agent or with another user ñinò the VE.  
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Central to interaction is the relationship between objects in the VE and the user's viewpoint. In a 

first person view, the user is embodied in the viewpoint, as it moves though the environment. In a 

third-person view, the user is represented or embodied by an avatar, usually a humanoid figure. 

The user navigates by moving the avatar while the viewpoint tracks it some algorithm (Sheridan 

1992). In a ñworld-in-miniature view, everything in the VE appears within the user's view, and 

the user manipulates the VE, usually by rotating it, while the viewpoint (apparently) remains 

stationary. Many variations on these themes exist, as well as entirely different navigation 

schema. 

2.1.1.4  (Thematic) Presence The interface informs the senses so that the user ñfeelsò as if s/he 

is in a particular location within the virtual environment (Zeltzer 1992). Perspective correction 

and other aspects of a visual display define the userôs egocenter, which is the userôs location in 

the virtual environment (Psotka 1996). The display must produce at least a very wide view for 

the user, such as those provided by a digital partial-dome theater (e.g. a Planetarium) or a Head 

Mounted Display (HMD). See section 2.3, p17, for examples. 

2.1.1.5 (Sensory) Presence This is the feeling of being there in the virtual world (VE), the sense 

that the VE is your environment, rather than the real world or perhaps in addition to it. When 

Zeltzer (1992) first published his three requirements, he emphasized the sense of presence that 

comes from sensory immersion. Sensory immersion depends on physically creating the illusion 

of a virtual space with a combination of sensory effects, most commonly based on imagery. The 

use of sound is also common, and there are established technologies for adding physical motion 

cues, haptic feedback and even olfactory input (Stanney, 2002). Presence is typically measured 

with introspective questions for the user (Witmer, 1998b; Lessiter, 2001; Slater, 1999; Pausch, 

1997; Darken, 1999b). 

 

In the following discussion, we will call applications satisfying all five criteria, 

Immersive Virtual Reality (Immersive VR) and those which satisfy only the first four criteria, 

Desktop Virtual Reality (Desktop VR). We retain Virtual Reality (VR) as a general term 

referring to both. 
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2.1.2 The VR Research Communityôs Definition of VR 

Members of the mainstream VR research community usually adheres closely to Zeltzerôs (1992) 

definition of VR, ñautonomy, interaction, and (sensory) presenceò described above. They 

implicitly add that any respectable VR display must be capable of stereographic imaging.  

Most researchers in this community are concerned with VR technology and its 

applications. Most are computer scientists and many of the rest are electrical engineers, 

interaction designers or experts in ergonomics. There are also a few researchers from disciplines 

representing current or intended user communities for VR applications. It is very common for 

members of this community to combine expertise from several of these fields Researchers in this 

group receive much of their funding directly or indirectly from the American military; their most 

common use of VR remains training and simulation for pilots, navigators and soldiers. Other 

funding comes from medical applications, education, geology, entertainment, archeology, 

geographic information systems and human-computer interaction. In Europe, there is significant 

funding for applications in cultural heritage and historical preservation (section 2.7, p76). 

The core of the traditional VR research community is primarily concerned with the 

physical interfaces for VR and their psychological and ergonomic effects. This leads them to 

stress the immersive aspects of VR and the fidelity and cohesiveness of the VE. A good example 

is Kay Stanneyôs Handbook of Virtual Environments (2002). In her book bulk of the 

introductory chapter and most of the other chapters are devoted to topics directly related to 

building functional Immersive VR interfaces and using them properly. Applications are also 

explored, but not in the same depth. 

For the foreseeable future, the research agenda of this community will remain important, 

useful and in many ways central. However, they appear to have lost control of the meaning of the 

term ñVRò, because they are greatly outnumbered by user communities who employ a broader 

definition of VR. 
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2.1.3 Educatorsô Descriptions of VR 

Educators and other user communities regard VR as any application which maintains a persistent 

virtual environment (autonomy) and within which users interact with each other, or objects, or 

independent agents These communities place much less emphasis on the nature of the interface. 

For example, text-only MUD systems are regarded as a form of VR, as well as many desktop VR 

applications 

Because a wider range of applications are included, the educatorsô definition of VR 

requires modifying Zeltzerôs (1992) definition of presence. Rather than pure sensory immersion, 

the engagement of attention is emphasized in a way that centers on a single reference point in the 

virtual environment, the user's egocenter (Psotka, 1996). All of the user's spatial interactions 

with and within the VE are relative to the userôs egocenter. 

Presence then becomes a special case of engagement, which describes the degree to 

which the user devotes his or her attentional resources to some activity within a VR environment. 

Many argue that the more engaged s/he is with some task ñinò the VE, the greater the degree of 

presenceðcertainly, introspective questions of presence will yield higher scores in this case. 

Conversely, it may be that an increased sense of presence, perhaps from sensory immersion, will 

enhance the user's sense of engagement in the task(s) central to a particular VR application. To 

avoid a circular definition, let us say that presence is a particular type of engagement. Our 

definition of presence then becomes psychological presence which requires that the VR 

application has a defined egocenter for the user and that it successfully engages the user's 

attention. 

Under educatorsô broader definition of VR, most educational applications fall into one of 

three groups: 

 Text-Only The MUD (Multi-User Dungeon) support text-only interaction with the 

virtual environment and between the users. MUDs have existed for nearly twenty years, 

before the term VR was coined, but researchers who use MUDs now regularly refer to 

them as virtual worlds and to the MUDs as a form of virtual reality. Few are solitary, 

most support very large communities of users (Bruckman, 2002a). 
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 Desktop With Desktop VR, the user interacts with a persistent autonomous virtual 

environment using a standard computer monitor, keyboard and mouse. Applications can 

be solitary or support a large community of users (SecondLife, 2004; There, 2004; Dede, 

2004; Cobb, 2002; Raiha, 1997). See section 2.3.9, p29, for more detail. 

 Immersive These applications attempt to enlarge a VR environment beyond the scale of 

a computer monitor to more fully engage the usersô senses, especially by improving the 

visual interface. Immersive VR applications usually use a Head Mounted Display (HMD) 

or a CAVE-like display in which several screens are used to simulate 3 dimensions. 

(Winn, 2003b; Jackson, 2000). Some of them also attempt to engage such other human 

capacities as hearing and the viewerôs tactile sense. 

This expanded definition appears to be stable and does not hinder educators who wish to 

experiment with Immersive VR. However, it raises questions about how the traditional VR 

research community, for whom the only VR is Immersive, references these other applications. 

They often rely heavily on the term ñVirtual Environment.ò An example is the title of Kay 

Stanney's book, Handbook of Virtual Environments (Stanney, 2002). The book itself gives the 

best overview of VR research up to that time. To achieve its breadth, the book includes articles 

about important non-immersive VR applications. Accordingly, the title of the book uses ñVirtual 

Environmentsò not ñVirtual Reality,ò which covers these non-immersive applications. Stanney 

stretches the term ñVirtual Environment,ò because many of the articles are about interfaces, not 

environments. We see no harm in this extension of the definition of VE, especially if the authors 

define the term within their context.  

2.1.4 Augmented Reality 

Also worthy of mention is VR's close cousin, Augmented Reality (AR), which is the practice of 

using VR techniques to enhance a physical space (Papagiannakis, 2004a, 2004b; Ruiz, 2002; 

Sinclair, 2001; Addison, 2002). For example, AR Quake (Piekarski, 2002), users observe the real 

world through special glasses. Animated autonomous agents are added to the user's view by 

having the computer ñpaintò the appropriate imagery onto the surface of the glasses. The agents 

interact with each other, the terrain and with the user. With ñHippieò and related applications 
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(Oppermann, 1999; Baber, 2001), the user hears a topical narrative when s/he nears a point of 

interest in a museum. The narratives change adaptively, depending on who the user is and what 

s/he has seen previously. It could be said that there is a continuum of possible applications 

between pure reality and a true virtual environment, with the term Augmented Reality including 

everything in between. 
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2.2 VR IS EXPRESSIVE 

Virtual Reality provides the educator with new ways to represent many objects and systems more 

effectively than with other media. For example, the VR user can interact with simulations of 

objects that cannot be perceived in the real world (Roussos, 1999) because they are too small, too 

big, dangerous, far away, no longer exist, do not exist yet, or are simply inconvenient. Students 

can make mistakes in a virtual environment safely and cheaply, which allows for learning 

activities not possible in the real world. A virtual environment can also simulate dynamic 

systems such as ocean currents, planetary motions, changes in electrostatic fields, or social 

behavior in a troop of gorillas. These simulations become especially powerful teaching tools 

when the student can participate in them, giving the student an inside view (egocentric) and the 

ability to experiment with the system (Winn, 1999; Bowman, 1999; Dede, 1999) 

VR theorists often use the concept of dimensions or dimensionality to describe or define 

virtual environments and user interaction with them (Benedikt 1991, Wexelblat 1991, Bowman 

2002). The most helpful dimensional taxonomies depend on the context for their intended use. 

Accordingly, the following taxonomy supports later discussion (in this study) of how different 

VR applications represent information and receive and respond to user input. The purpose of this 

section is to help the reader understand and classify educational applications based on VR by 

providing paradigms to describe: 

1. The available dimensions in a VR interface: width, height, depth, time, sound, touch, 

proprioception, and taste/smell.  

2. Dimensions to classify information: one-dimensional, two-dimensional, three-

dimensional, multi-dimensional, temporal, tree and network. This is adapted from 

Schneiderman's (1996) Task by Type Taxonomy.  

3. Ways to map the information to the display, with examples of common usage. 

This taxonomy emphasizes how the user receives information from the display. For a detailed 

taxonomy on interaction, see Bowman (2002).  
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2.2.1 Dimensions of Information  

In Schneiderman's (1996) Task by Type Taxonomy, he lists a series of ñdata types,ò each 

ostensibly representing a type of information. Each data type is described along with its most 

appropriate vehicle. For example, two-dimensional information includes maps and images. The 

following is a somewhat modified list of Schneiderman's data types. 

 One Dimensional:  Text, including font, color, and meta-information like author or date. 

Anything that comes in a linear order, such as a list of names or clothes on a rack 

organized by size. At this level of abstraction, sound can be considered one dimensional. 

In reality, sound contains many dimensions within it, just as color does, but this overview 

will not address that level of detail. 

 Two Dimensional:  Planar or map data include geographic maps, floor plans, images, or 

newspaper layouts.  

 Three-dimensional:  Molecules, architecture, the human body, machine inner workings, 

etc.  

 Temporal: Timelines, project schedules, fictional or historical narratives, etc. Users 

often query the temporal ordering and grouping of things.  

 Multi -Dimensional:  N-dimensional data, usually stored in a relational database. 

 Tree:  Hierarchical information.  

 Network: There are many types of networks, primarily acyclic, lattice, rooted, unrooted, 

and entity-relationship diagrams. Visualizing this type of information is useful for 

determining relationships, identifying cycles and finding short paths between points in 

the network. 
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2.2.2 Dimensions of Expression 

These dimensions refer to the way in which the user experiences the virtual environment, which 

is why the first four and the remaining items can appear on the same list. The level of granularity 

in this list is arbitrary, formulated to suit the level of this discussion. For a much more detailed 

taxonomy of the senses, see Spring (1992). 

1. Width :  Horizontal length with respect to the user's view. 

2. Height:  Vertical length. 

3. Depth:  Distance away from the user's viewpoint. 

4. Color:  The color(s) of objects within the environment. 

5. Time:  The temporal aspect of a user's interaction with some person, place or thing in the 

virtual environment.  

6. Sound:  This can range from monophonic sound from a computer speaker to fully 

spatialized sound. 

7. Touch:  Also known as ñhaptic feedback,ò or ñforce feedback.ò The simulated ability to 

touch a virtual object. The user manipulates some physical device, such as a special glove 

or stylus, which creates the sensation of touch when the device's analog in the virtual 

environment encounters an object. 

8. Proprioception:  The sense of orientation or movement sensed through the vestibular 

system, visual system and sense of touch. 

9. Taste: We are not aware of any VR displays which employ this sense. 

10. Smell: Some VR displays to release odors as directed by the VR software. 

In this section, we will present ways in which information can be mapped to aspects of the 

computer display. We categorize these aspects by the number and type of dimensions by which 

they can convey or represent information. The most important dimensions readily visible in any 
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each sensory mode are called ñdominant,ò an arbitrary distinction based on how the user is 

expected to experience or think about the display. The discussion is also weighed towards 

display rather than interaction. For a detailed taxonomy interaction, we recommend Bowman 

(2002). While the discussion is intended for VR displays, others are included for context. 

2.2.3 One Dimensional Formats:   

There is no immersive, one dimensional display but static text is the nearest approximation; 

narrative fiction, for example. Static text requires that either height or width be dominant (height 

for Asian languages and width for most others) and but allows some contribution from other 

dimensionsðjust enough to allow the letters and characters to be readable. Color, font, point-

size, and so on, are all subordinate to height or width in this case. In reality, the typical page of 

text is a two dimensional presentation and its layout can have an important influence on the 

viewer. Nevertheless, the user's attention primarily moves along one dimension, from one word 

to the next. 

2.2.4 Two Dimensional Formats: 

Most applications of the familiar print and electronic media are two-dimensional. 

1. One of the most common applications of the two dimensional display includes maps, 

images, static web pages, maps, floor plans, newspaper layouts, etc. This would include 

many forms of Schneiderman's ñTemporalò dataða graphed schedule (PERT chart, 

GANT chart, etc.) for example. The dominant dimensions are height and width.  

2. Sound-only presentations belong to this category as well, because they have two 

dominant dimensions, time and sound.  

3. A popular two dimensional display is the text-only ñchatò interface, which allows the 

user to interact in real time with other users by reading and typing text. Here, the two 

dominant dimensions are width and time. If Asian characters are used in a vertical 

display, those would be height and time.  
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4. All MUDs use a text-based ñchatò interface and maintain persistent virtual environments 

and social interactions. The virtual environment and the actions of the actors within it are 

ñdisplayedò as textual description. However, some scholars maintain that a MUD maps 

many dimensions into the one dimensional text-most often arguing that MUDs exist in 

width and time. 

5. Static three-dimensional images can be projected onto the two dimensional surface, as 

with a photograph, painting or drawing. In these cases, depth has to be included as a 

subordinate dimension, indicated by perspective, occlusion and shading effects. There is 

actually a spectrum of displays between two and three dimensions, so a good photograph 

may well be considered a 2.5 dimensional display. Though height and width are 

dominant with these representations, depth can be suggested and color can be indicated, 

though rarely faithfully reproduced. 

2.2.5 Three Dimensional Formats 

1. Static images of molecules, architecture, the human body, machine inner workings, etc., 

when shown with a volumetric display. Most volumetric displays use stereopsis to 

display depth information. 

2. A three-dimensional display can be mimicked in a dynamic two-dimensional display, 

such as a computer monitor by introducing factors such as user viewpoint motion, the 

motion of objects in the environment or both. Fred Brooks (2004) states that the recovery 

of form from motion is stronger than stereopsis. A way to get depth-from-motion is to 

add head-tracked perspective correction, so the viewer's own motion contributes. These 

displays provide indications of height, width and depth.  

3. Interactive silent applications which employ a two-dimensional interface but show 

change over time. Examples include a large variety of games (i.e. Pac Man) and some 

virtual communities (i.e. Randy Farmer's ñHabitat,ò) These applications employ height, 

width, and time. 
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4. A silent movie. Height, width, and time are predominant, though depth can be implied as 

a minor dimension. 

2.2.6 Four Dimensional Formats 

1. Interactive multimedia applications where the dominant dimensions are height, width, 

time and sound. 

2. Silent, interactive VR applications using a three-dimensional display. Height, width, 

depth and time. 

2.2.6.1 Five Dimensional Formats 

1. Interactive VR with spatialized sound, or a typical movie. Height, width, depth, time and 

sound. 

 

From the forgoing examples, it is clear that the basic idea of mapping the dimensions of the data 

to dimensions of the display is fairly straightforward. However, the science of it (data 

visualization) and the art of it (information design) is very complex and beyond the scope of this 

study. This is especially true for data which has a many dimensions or which cannot be defined 

in terms of dimensions (i.e. tree or network), but can only be displayed using a limited number of 

dimensions.  
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2.3 VR TECHNOLOGY  

Recent trends in the technologies which can be used for VR applications have opened up many 

new possibilities. The following sections provide an overview of these possibilities. 

2.3.1 Informative 3D Models 

Scientists, engineers, archaeologists, and many other professionals increasingly use three-

dimensional models to represent information and interact with it. While the majority of 

applications which employ 3D models do not qualify as DesktopVR, many do (section 2.1, p4). 

They range from simple and elegant, to rich in complexity and information. A model may be 

created by human artists as an original work or as a virtualization of something that already 

exists in the physical world. Some 3-D models could also be a visualization of some stream of 

data, such as the fluid dynamics of a cloud front, an abstract representation of the stock market, 

or the result of a CAT scan. Figure 2, below, is a good example of a useful model. 

 

 

 

Figure 2. Schematic of the Great Pyramid (Kufu, 2004) 

 

Most of the simple 3D models are written in the old VRML programming language, itôs 

probable successor X3D (Web3D, 2006) or one of many lesser-known alternatives. Models of 
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this type are easy to produce and can be made part of a web-based application. For example, an 

object in a VRML-based virtual world can have a standard hyperlink associated with it, so that 

clicking on the object in a virtual world might display a web page in another frame on the same 

page (Jacobson, 1998h). More complex models are usually built with advanced commercial tools 

such as Maya or 3D-Studio Maxx (Autodesk, 2006).  

 

 

Figure 3. An Ancient Roman Kitchen (Capasso 2004). 

 

VRML and X3D support simple animations which can be compelling in the hands of an 

imaginative designer. On the other hand, tools such as Maxx and Maya support very complex 

animations which can provide greater levels of detail and subtlety. The most sophisticated 

examples include computer-animated movies such as Final Fantasy (FinalFantasy, 2001) and 

interactive video games, such as Doom (Id_Software, 2004) or Unreal Tournament (EpicGames, 

2007).  

Finally, authoring tools are available for content-creation in the more advanced video 

games, and they take input from the professional authoring tools. Some of them, like Unreal 

Tournament 2004, are partially open-source, allowing for extensive reprogramming of existing 
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games and creation of new content by members of the public (EpicGames, 2004; Id_Software, 

2004). 

 

2.3.2 Advancing Graphics Technology 

Detailed three-dimensional computer graphics require a great deal of computing power, 

especially if they are dynamic or interactive. Typically, the application must produce thirty 

visual frames per second to produce convincing movement through the virtual space. As recently 

as the late 1990s, high quality computer graphics required computers which were powerful, 

specialized, and very expensive.  

Today, advanced graphics hardware is available to the mass market through new video 

cards (nVidia 2007; ATI 2007; Lewis 2002) for standard home computers and special-purpose 

game computers, called playstations (i.e., Xbox, PS2 and others). Because of this, the game 

industry has grown larger than the movie industry by every measure and shows no sign of 

slowing down its drive towards ever-faster home-computer graphics. Nearly everyone involved 

in computer graphics has taken advantage of the game industry spinoff technologies.  

The efficiency of a highly optimized game engine can be ten to one hundred times greater 

than general-purpose graphics software. However, high-performance graphics engines (game 

engines) are always highly optimized and often quite specialized. For any particular game 

engine, some features are trivially easy to employ in a VR application, while other features can 

be harnessed by with specialized knowledge and good programming support. Still others are 

simply unavailable. The key for VR application development using these graphics engines is 

careful advance study to choose the right one and a willingness to expend the effort to learn the 

chosen engine well. Figure 4, below, shows a movie rendered using the latest graphic 

technology. Figure 5, below, shows a scene from one of the most advanced computer games. 
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Figure 4. Advent's Children (RopeOfSilicon 2004) 

 

 

 

Figure 5. UT2007 (EpicGames 2007) 
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Because of the technical challenges, many authors of Virtual Reality applications still use 

traditional VR authoring packages (Virtools, 2007; VR-Juggler, 2007) or write everything from 

scratch. These approaches provide complete flexibility for the author/programmer, but require a 

great deal of time and effort to achieve basic effects. Furthermore, the resulting graphics are 

significantly inferior to those generated by the game engines. Accordingly, a small but growing 

number of VR authors are using game engines for their applications (Lewis 2002). 

2.3.3 Flight Simulators 

The modern history of Virtual Reality began in the 1960ôs with the flight simulator, an artificial 

aircraft cockpit with video screens instead of windows. The pilot ñfliesò over a computer-

generated landscape using controls which simulate the action of real controls (Ellis 1991). Many 

simulators are mounted on mechanized platforms which tilt and roll to simulate the motion of a 

real aircraft cockpit. The experience is real enough to justify these devicesô long history and wide 

use for pilot training. Recently, simulators have been used in such disparate fields as truck 

driving, tug-boat piloting, and mining equipment operation to provide basic training on the use of 

heavy equipment.  

 

Figure 6. Exterior (left) and interior (right) of a flight simulator (Simlabs 2006) 


