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Abstract: Evaluation is an important content in the study of VGE (Virtual Geographic Environment) and through all the study process. The aim of this report is constructing an evaluation framework for VGE by researching the reality, immersion and usability of VGE
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As it can make the user feel that he or she “are on the scene”, the 3D images in the simulation of VGE can surely offer a strong visual shock. Hence, people always regard this “fashionable thing” as a mark of new technology and consequently try to transfer all the image work into 3D style. In order to clarify such notion, it is necessary to give a confine of its application both scientifically and objectively, besides, the research of its evaluation standard is required as well. So, evaluation is an important content in the study of VGE and should be considered through all the study process. 
In our opinion, all the good technologies and methods will be useless without being given a related evaluation framework and principles of application which have been tested repeatedly. The evaluation framework for VGE (as shown in Fig.1) constructed in this paper attempts to work through it from 3 aspects.
1. Evaluation of Reality

Reality means the quality or state of being actual or true. It can be understood that “create the same experience, stimulation and impression as those perceived in a real circumstance”. There are differences between the objective reality and psychological reality. Hence, the study of reality is about the distance between virtual world and real world, a kind of subjective” psychological sensation”.

In this paper, reality test is regarded as a process of comparison and detection, a distance between virtual world and real world and differences between objective reality and psychological reality. There are two main elements of evaluation of reality: one is the evaluation degree, viz. the extent of evaluation or the degree and limitation of simulation. Another one is the guidelines of the evaluation of reality.

1.1 The Evaluation Degree

There must be a conception of degree for the simulation of VGE which should satisfy 3 balances.

1.1.1 The balance between the huge multi-dimensional information and finite cognitive channels of human beings.

In the domain of physiology, human can aware of his or her familiar natural environment sensitively and react to the changes occurring in the environment with complex mechanism. But the physiological awareness is finite. The limitation of awareness includes awareness threshold and awareness disability. For example, human can only perceive the light between 400(700 nm and the sound between 20(20000Hz. The awareness threshold can also be measured by the response time and reaction precision. For example, the critical flicker frequency of human beings is 25frame/sec. and the higher frequency can not improve the effect of awareness.

Besides, in the domain of psychology, the memory channel of human beings is finite too. For example, short period memory can only process 7±2 items at the same time, and there is also a limitation about the depth detectable area of human’s stereo vision. For example, while the stereo vision is only useful for close manipulation, but for all the things 5 meters away or further human is not able to aware the depth clues and the stereo vision is less important.

In addition, in the domain of information science, the ability of receiving information of human beings is finite and whether the lack or excess of information will influence the efficiency of awareness. VGE should offer information under the consideration of the amount of information which is adequate for physiological awareness and psychological awareness. VGE should emphasize the physiological feelings and psychological feelings in cognition and take humanoid as its goal. People should pursue this balance and devote more time to the content of expression.

1.1.2 The balance between the infinite complexity of the objective world and the finite abstraction of models

The objective environment including a series of dimensions as space, time and property is an infinitely complex space. Because of the limitation of visualization, the n-dimension space is always displayed as 2D-3D space by compressing it. And such compression and visualization is an approach to the exploration of further knowledge from the huge amount of information and a main approach to the spatial cognition. That’s also the meaning of spatial data model.
VGE should not set the perfection of visual effect as its goal but put emphasis on the theory of models and the simulation of characters. For example, the purpose of terrain simulation which reappearance the terrain realistically is for some certain applications, and the user’s focus is on the more thematic information but not trivial matters that are meaningless or uninteresting. So it is necessary to “accept or reject using integration and give prominence to the key point” according to the purpose of the application and hence display the scene information with which user is concerned more prominent. The traditional theory of map design can still guide the construction of VGE.

1.1.3 The balance between the infinite complexity of data and the finite resource of computation

The pursuit of unreal-time actual computer graphics is to be more close to the objective environment and the expense of it is the great consumption of the computation resource. The data amount of VGE is also very great and current research of algorithm is concentrated on the real time render. Such things certainly leads to the decrease of reality, so it is necessary to keep them balanced.

1.2 The content of evaluation

The content of evaluation of reality includes two aspects: the evaluation of environment reality (shown in Table1) and the evaluation of the cognitive individual’s interaction reality (shown in Table2). The discussion is separated into 3 aspects: the object of comparison, the content of comparison and the extent of comparison.

Table1: The content of the evaluation of environment reality
	object of comparison
	content of comparison
	extent of comparison

	modeling data
	map data
	the integrality of spatial structure
	distance of view

	
	image data
	
	

	
	picture of real scene or design drawing
	
	position, size, shape, appearance

	individual’s background knowledge
	rules of nature( weather, sea, plants etc. )
	summary model


Table2: The content of the evaluation of interaction reality

	object of comparison
	content of comparison
	extent of comparison

	the supposed motion feelings of individuals
	physical rules (aviation dynamics )
	almost consistent

	
	detection of collision, force feedback
	almost consistent

	
	terrain tracing
	almost consistent


1.2.1 The comparison with modeling data

It is commonly considered that the more detailed the data is, the more the reality is. The detail of the data is termed the “denseness of information”. Such description is completed in our opinion and the detail of information should satisfy 4 basic requirements below.

(1) Basic elements

The design of VGE must descript the basic components of cognitive map completely. There are 5 main basic elements in either the production of map texture or the construction of relief model: relief, habitation, traffic, drainage, single feature.

(2) Necessary supplementary elements

In order to aid user in his or her judgment, there must be adequate descriptive information for the supplementary elements of cognitive map, such as the current source of data, vertical scale, the horizontal position and height of viewpoint, and the pitching angle. If not, the user’s cognition will be deformed.
(3) The integrality of pragma
Pragma exerts an important visual introduction and guidance in VE. Although the pragma can be divided into different levels and displayed according to the LOD relative to the viewpoint, the integrality of its number and content must be kept. The hidden pragma must appear in a specific visual distance to avoid the user’s misunderstanding that such object does not exist.

(4) The emphasis of the expression of cultural features

The VGE which is constructed using the large-scale data is more similar to the human being’s natural experience, so the reality and detail of modeling and the expression of cultural features should be emphasized especially. The surface texture of buildings should use the pictures of the real scene as more as possible; and the special effects such as dynamic element (e.g. fountain, flag) can improve the reality greatly.
1.2.2 The comparison with individual’s spatial knowledge

The individual’s background knowledge plays an important role in the reality evaluation of VGE. The visual reality of VGE must accord with the objective rules of nature. For example, the curvature of the earth must be taken into consideration if the VGE is a global one and may not if the scale is large enough. The real-time special effect of nature can improve the reality of environment if it accords with the cognitive individual’s background knowledge. For example, the effect of entity cloud which is an important object in the sky should be displayed during the flight in the air; the simulation of dynamic ocean wave should take the influence of wind and the rule of tide into account. The real-time shade, an important cue in the depth cognition, is an important way to improve the ambience and reality and plays an important part in the accurate cognition of spatial relative position.
2. Evaluation of Immersion

Immersion is an important part in the experience of VR and a mark that differentiates VR from other media. The use of immersive system can be summarized as: it is more similar to the real world and can make the user concentrates on his work as he does in the real world.

2.1 Classification of Immersion

The immersions in VR include physical immersion and spiritual immersion [7].

· Physical immersion: display a virtual world to the user according to his or her position and provide one sensory stimulation or compound stimulation.

· Spiritual immersion: the degree of spiritual immersion differs depends on the purpose of VR experience. Two questions should be answered firstly: the first one is whether the spiritual immersion is needed in VGE? The second one is how much physical immersion can create spiritual immersion?

The degree of immersion is classified into 4 levels:
· Nought: the user only feels that he is connected to a computer.

· Lesser acceptance: the user feels the virtual object floating in his space but can’t accept the other parts of virtual world.

· Concentration: the user concentrates on the interaction with virtual world and neglects the real world but he can still differentiate the virtual world and real world and is conscious of his presence in the real world.

· Entire spiritual immersion: the user emerges in the environment provided by VR entirely.

2.2 The models of evaluation

The user’s immersion degree can be measured qualitatively by some guidelines. Inquiry and answer is a simple way which can illustrate the user’s immersion degree in VE to a certain extent. Another effective way is to observe the user’s behavior in VE. Some behaviors can also reflect his immersion degree.

The models of evaluation involves: control component, sense component, distraction component and practical component (as shown in Table3).

Table3: The components of the influence on immersion

	control component
	sense component
	distraction component
	practical component

	control degree
	form of sense
	isolation
	true scene

	prediction of event
	quality of expression
	disturbance
	important experience

	control style
	environment of rich information
	selection of attention
	worry of departure/ disorientation

	change of physical environment
	continuity
	sense of interface
	

	
	
	delay
	


2.2.1 Control component

Control degree: in general, the more one can control in the task or interaction in the VE, the more immersion he or her gets.
Prediction of event: if the user can predict or foresee what will happen next, the immersion will be great.

Control style: if the interaction is natural the immersion will increase. Otherwise, if the control style is hard and stiff and the user is required to learn more or adjust himself, the immersion will decrease.

Change of physical environment: the immersion will increase with the raise of the number of the physical items one can control in the environment. Experience can increase one’s ability of control in the VE.

2.2.2 Sense component

Form of sense: the influence of visual information on immersion is the most among all sense organs. The number of involved sense organs and the amount of information that each sense conveys is another important influence on immersion.

Environment of rich information: immersion will be stronger if there is a lot of information which can stimulate sense organs in the environment. And contrarily if an environment just conveys a little information immersion will be weaker. It is harder to immerse physically in VE if it is just rendered by photos, because the immersion will be affected by any flaw.

Quality of expression: including resolution, time delay and extent of view. The expression with bad resolution will diminish or deprive immersion.

Continuity [8]: the immersion will be stronger if all stimulated sense is complete and continuous.

2.2.3 Distraction component

Isolation: the isolation of user from real world by devices can increase his immersion in VE. For example, HMD can isolate user from physical world and the immersion is stronger than 2D displays.

Disturbance: the boundary of display disturbs the depth clues. Selection of attention: user should focus on the stimulation of VE consciously and neglect external interruption to increase immersion.

Unconsciousness of interface: unnatural, awkward and artificial interface can decrease the connection with VE and further affect the immersion directly.

Delay: it means the time spent on the response of system to the user’s action. It is a critical technique factor that affects immersion. Each part of VE adds to the total delay. Long delay can deduce simulation sickness such as faint, nausea.

2.2.4 Practical component

True scene: reality should be a basic character of the scene in VE (including the content of scene, texture, resolution, source of light, extent of viewpoint, number of dimensions).

The importance of experience: the user’s experience in the true world before such as study, travel and performance of task is a very important factor.

Worry of departure/ disorientation: when the user returns to the true world from VE, he or she may be worried or disoriented. And the disorientation strengthens with the increase of one’s immersive experience in VE.

3. Evaluation of Usability

Usability can not be comprehended as usefulness. The usability of VGE means the. It is the final goal of the research of VGE.

The evaluation of VGE should explain what kind of tasks is suitable or not suitable to be accomplished in VGE and provide corresponding reasons.

3.1 Usability of VGE

3.1.1 Advantages of VGE

· Immersion. Only by the breathing VE can user be immersive as in the true scene. 3D display is fitter for human being’s habit of awareness hence user prefers the familiarity and comfort of 3D display. Because the image in the retina is the perspective projection of surroundings and 3D display is more ecologically believable than 2D display. Besides, it is easier for the user to judge 3D spatial relationship.

· Interaction. When being in loop, user can control more and get real-time feedback; users can cooperate with each other.

· The user’s imagination. The implement of task is boundless so one can explore the “comprehension beyond reality” [5].

3.1.2 Tasks suitable for VGE

In the same environment, while some tasks are very suitable for virtual expression, some can not be accomplished effectively. The task suitable for VGE should satisfy 2 basic conditions below:

· The characters of VGE can support the task effectively.

· Once change the task into the task in the real world, the performance of user who has used VGE is better than ones who have used other instruments.

Wann and Mon Williams (1996)have suggested that the data visualization and the analysis of data and its character are the tasks which can take advantage of themselves well[10]. It is critical to determine the type of task and realize the features of such type by VGE. The characters of the task suitable for VGE are:

(1) The task is about 3D and need to be simulated in 3D environment

In many cases, VR is the first priority and the traditional 1D or 2D display can not exhibit the characters of the task. VR is suitable when the goal of the task is to explore or familiarize certain physical (true or fictional) environment. It means that VGE is a powerful tool for browse, show of layout and process deducing, because user can observe from different position, different dimension and different granularity.

(2) The task involves a lot of interactive devices and awareness channels

VGE can improve the performance of simulation greatly if the task involves a large amount of the simulation of hardware and software such as various drive simulators and as well as especially when the simulation is accomplished in 3D space and allows direct/real-time interaction.

(3) Some special tasks

The special tasks include some that can not be accomplished under safe condition such as the operations in spacecraft, the remote control of the robots on the Mars; some can not repeat by experiment because of the cost such as the simulation of campaign, the training of simulator; and some questions as “what will happen if ……”.

3.2 The limitation of VGE

3.2.1 The disadvantages of VGE

VGE may be an inappropriate expressive way for many tasks and purposes and there are the reasons below:

(1) It is not enough to regard VGE as a graphic task

The tasks based on VGE usually cost a lot of computer resource, so those which can not be calculated in real time do not perform well in VGE.

(2) Beyond the extent of current technology

For the simulation that requires precise tracking or fine tactile feedback, it is unsuccessful to use VGE because of the imprecision and delay of current tracking devices and the relatively slow speed of calculation.

(3) There are many cognitive deformation in 3D scene

The distortions include deformation of distance, deformation of scale, deformation of position etc.
· Deformation of distance: because there is no concept of scale in 3D environment, the user’s experience is quite different from that in the real world and his or her judgment of distance deviates less or more and worse in small-scale environment than in large-scale.
· Deformation of scale: in large-scale environment, user concludes by the levels of a building and his or her background knowledge, so the error of judgment is small. Vertical scale plays an important role in small-scale environment. Though the adjusting of vertical scale is useful for the user’s spatial cognition and the improvement of immersion, it disturbs greatly the user’s spatial judgment.
· Deformation of position (as shown in Fig.2): in 2D display the ambiguity of line of sight (LoS ambiguity) make the height of airplanes uncertain at all. And this is a main reason why develop 3D display technology. But it is notable that the uncertain in 2D display is just concerning dimension z and the positions concerning dimension x and y are intact. But in 3D display all the positions are uncertain because the line of sight is tilting.

3.2.2 Tasks unsuitable for VGE

By the analysis above the tasks unsuitable for VGE fall into 3 categories below.
(1) The task is not about 3D

Compared with the applications of simulator some tasks about 1D or 2D perhaps can not accomplished using VR. For example, 2D environment is more suitable for many graphic manipulations. Sometimes the performance of well-designed 2D display is as good as 3D, for example the undulation of terrain is expressed well by using shaded orthographic map.

(2) The task does not involve a lot of interactive devices and awareness channels

(3) The task requires precise spatial calculation and spatial analysis

(4) The task requires an overall comprehension

2D display is more suitable for the application in which the differences of spatial depth between spatial entities (e.g. the battle deducing in a large area, the analysis of battlefield, and the comparison of military strength) are trivial.

4. Conclusions

The construction of evaluation framework is very meaning for the study of the theory and technology of VGE. In order to guide the future design and implement of “humanoid” VGE [3], a new tool of spatial cognition, we should not only explain the quality of VGE qualitatively but also describe it quantitatively. It is sure that with the technical development the technology of VGE will be more perfect and being used in a larger extent.
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Fig.2: LoS ambiguity in 2D and 3D display
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