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Abstract: The differences between the geographic environment and the geo-spatial concept of current geo-information tech-
nologies, and the characteristics and development processes of spatial cognition of maps and geographic information systems are
analyzed. The concept of virtual geographic environment cognition is proposed. The objectives of virtual geographic environ-
ment cognition include the cognition of the real world phenomena of surface features, geographic processes, human behavior
and their relationships. This paper studies virtual geographical environment cognition from two aspects: acknowledgement and
understanding of the geographic space, geographic processes and human behaviors; and then the representation of the real geo-
graphic environment in the virtual geographic environment, as well as obtaining and sharing geographical knowledge based on
virtual geographic environments to gain insight to the real geographic environment. Representation of virtual geographic envi-
ronments involves three levels. Research on cognition of virtual geographic environments needs to develop geo-spatial cognition
theories and methods of geographic entities and phenomena, as well as cognition and modeling of geographic dynamic processes
and the perception of human behaviors. Geographic processes representation and human behavior simulation are focused upon
and relevant preliminary study ideas and contents are presented.
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1 INTRODUCTION

Geographic Information Systems (GISystems) and Geo-
graphic Information Science (GlScience), which is developed
as a computer processing technology, a geospatial computing
theory and analysis method for geographical data, information
and knowledge, are powerful tools for scientific research in
modern geography. With the development and popularization of
geographic information technology applications and geographic
information science research, in mid-1990s researchers began
to pay attention to the rationality of understanding and repre-
senting geographic space, the scientific nature of modeling and
analysis of geographic processes, as well as the intelligence of
geographic information system functions and services. In 1995,
geo-spatial cognition, geographic concept calculation methods,
and geographic information and social science studies were
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proposed as the three strategic areas in GlScience research by
the U.S. National Center for Geographic Information and
Analysis (NCGIA) (NCGIA, 1995). In 1996, the University
Council of Geographic Information Science (UCGIS) in the
United States argued that a major obstacle to the effectiveness
of geographic information technologies was the lack of atten-
tion paid to the importance of cognition problems, and “geogra-
phic information cognition” was listed as one of the ten priority
research topics in GlScience (UCGIS, 1996).

Geo-spatial cognition is a foundation for geographic infor-
mation cognition research and of great significance for under-
standing and representing geographic information. Geographic
information cognition is thus the basic theory of geographic
information science. It bridges computer processing technology
studies and theoretical analysis and methods research on geo-
graphic data, information and knowledge (Lu et al., 1998). From
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this point of view, it is a key bottleneck preventing break-
throughs in the advancing geographic information technologies.

In recent years, research on geo-spatial cognition and geo-
graphic information representation has gradually expanded and
has been encouraged by scholars of related professions, both
from China and other countries: such as Peuquet (1988) who
suggested that there was a need to establish a unified concep-
tual framework for geo-spatial representation; MacEachren et
al. (1995, 2001) who discussed spatial cognition, map graphic
models, spatial data visualization, interactive control of dynamic
maps and other aspects of spatial cognition; Lu et al. (1998,
2005) who proposed the theory of geographic cognition and
spatial cognition models; Wang (2001), Gao et al. (2004), and
Wan et al. (2005) who carried out research in the area of spatial
cognition, image maps and map cognition theory.

Geography studies the physical environment of the Earth’s
surface, that is, the interactive region of the “five spheres” (i.e.,
atmosphere, hydrosphere, biosphere, lithosphere, and soil
sphere) (Chen et al., 2000). Geographic processes, which involve
“five major types of processes” (physical, chemical, biological
and cultural processes, as well as the interaction between the 4
given types of processes) that occur in and between the major
spheres, especially the interaction between humans and the
Earth (that is, “human-Earth relations™), are the driving forces
for the formation and development of the geographic environ-
ment. Modern geography in particular focuses on geographic
process simulation and mechanism analysis of the interaction
between humans and the Earth system. At present, research on
virtual environments is increasing, not only in the fields related
to social, economic and legal aspects of virtual environments,
but also in advances in the fields of scientific research. Virtual
Geographic Environment (VGE) research, which was initiated
by some geographic and geographic information scientists,
aims to integrate the virtual reality environment and geography
to study the real geographic environment, as well as the phe-
nomena and laws in cyberspace (Gong & Lin, 2001; Lin &
Gong, 2002; Lin et al., 2003, 2009; Lin & Zhu, 2005). From the
perspective of research methods for geographic study, a virtual
geographic environment is an integrated virtual environment
and working space that can be used for simulation and analysis
of complex geographic processes and phenomena, geo-colla-
borative working, knowledge sharing and group decision-
making. In this context, Virtual Geographic Environments need
to provide functionalities and mechanisms to support represen-
tation of temporal and spatial changes in the geographic processes,
as well as the interaction between humans and the Earth, such
as geographic representation, organization, management, visua-
lization of space-time processes, as well as expression, man-
agement and knowledge extraction and assistance in deci-
sion-making on human behavior. Therefore, in this expanding
field of Virtual Geographic Environments, research into how to
represent and manage geographic processes, and simulate the
cognition and behavior of human experience in virtual envi-
ronments, are not only fundamental theoretical problems, but
are also key contents of research methods.

This paper first analyzes development processes and charac-
teristics of the spatial cognition of map and geographic informa-
tion systems; discusses the concept of a virtual geographic envi-
ronment; explores virtual geographic environment cognition and
representation in two aspects: one is from geo-spatial cognition,
geographic processes cognition and human behavior cognition
and their representation in virtual geographic environments; the
other is from the aspect of geographic knowledge acquisition
and sharing, and the impact of virtual geographic environments
on human understanding of geography. In addition, we propose
some research ideas with focus on geographic process represen-
tation and human behavior simulation.

2 DIFFERENCES BETWEEN GEOGRAPHIC ENVI-
RONMENTS IN GEOGRAPHY AND GEO-SPACE
IN CURRENT GEOGRAPHIC INFORMATION TE-
CHNIQUES

Space is the most basic characteristic of things. Space varies
with the nature, development progress and the requirements of
things. Hu et al. (2002) made comparisons of geographic space
in geography, earth space in geodesy, map space in cartography,
and geo-spatial space in geographic information systems and
argue that geographic space in geography is the Earth’s surface
system (geographic environment) on the basis of the whole
earth and its live activities; geographic space in this context
thus has universal significance.

In geodesy, rotating ellipsoid mathematical models are used
to express geographic space in geography; therefore, the nature
of Earth space in geodesy is consistent with geographic space in
geography in that they are both three-dimensional space. In
traditional cartography, map projections, in which the Earth
ellipsoid is flattened to a plane, are used to express map space,
in order to thrust the Earth’s space into the Euclidean plane
space, thus achieving a two-dimensional visualization and
measurement of the Earth. Therefore, map space and map infor-
mation are two-dimensional and just an approximate descrip-
tion of the geographic space. In the field of current geographic
information systems, the representation of the Earth surface
space is formed by projecting the geodesy space and then mak-
ing transformations to the Cartesian coordinate system. There-
fore, the definition of geographic space in geographic informa-
tion systems has inherited the concept of space in cartography,
and its essence remains the same as the concept of map space.

The foundation of the ontology and epistemology of current
cartography and GIS is applying Euclid, Descartes and positiv-
ism concepts to understand geographic space and the environ-
ment. The basic idea is trying to define the geographic world as
a series of spatial units that are represented by clear, continuous
and non-overlapping polygons (Pickles, 1995; Sheppard, 1995).
However, based on the above understanding, it will be difficult
to carry out the “research of dynamics mechanisms and spatio-
temporal characteristics of geo-information process and flow”
(Chen et al., 2000). In addition, the constraints it brings to the
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development of geography and earth sciences become increas-
ingly evident. Like the relationship of space to things in the
world, time is also a most basic characteristic of all things.
However, representation of static spatial objects and their
analysis are stressed in traditional geographic information systems.
In the development process of GIS, the time characteristics of
geographic information has been of widespread concern; to
some extent, research on the spatio-temporal data model and
time GIS has been carried out. On the other hand, on the basis
of the conceptual representation of geographic space in tradi-
tional GIS, there has been a great limitation when representing
those geographical processes that are changing over time and
the relationship between geographic factors in geographic en-
vironments.

The implication of geographic concepts, like all other con-
cepts, is changing with the experiential and thinking modes,
and the changing comprehensive functions of the social world
(Liu, 2002). In addition, development of geographic informa-
tion technologies has had a profound effect on the human objective
(experience) world and their social thinking ways. Due to the
limitation of conceptual representation of geographic space on
the basis of the Cartesian coordinate system in current geo-
graphic information technologies, many geographic concepts
need to be redefined by researchers, developers and users of
geographic information systems in order to meet the constraints
and conditions. In geographic information systems, complex
geographic space has been simplified to a number of simplified
geometric configurations (e.g., points, lines, surfaces, polygons,
networks, bounded areas, etc.) that can be strictly classified and
are known as geographic entities. However, the geographic
environment also includes an integral part of complex and di-
verse entities and dynamic processes. Compared to the specific
and static geographic entities, the implication and classification
of the real world that consists of the natural geographic envi-
ronment and human social organization is much broader and
more complex, where geographic phenomena as well as dynamic
processes and the relations between them compose an important
manifestation of its complexity. Research organizations, re-
searchers and practitioners in geographic information science
have begun to reflect and analyze rigorously on the basis of
geographic concepts, epistemological principles and theories
provided from the perspective of geographic information systems
(Sheppard et al., 1999; Liu, 2002). The initial research on geo-
graphic implications that was proposed by NCGIA also argued
that we should study a “geo-spatial perceptual model” based on
social theory and cognitive theory to explore the difference of
representing geographic implication in cultural ways and in
machinery ways, and to explore how to represent the implica-
tions of geographic, social and human environments (NCGIA,
1995).

3 SPATIAL COGNITION AND REPRESENTATION
IN GEOGRAPHIC INFORMATION SCIENCE

Research in the field of geographic information science and

technologies focuses on the theories and methods for collection,
description, representation, storage, management and use of
geospatial information. By the use of computers, it aims to
express, simulate and analyze the phenomena of Earth surface
space and spatio-temporal geographic processes, to contain
geographic information and transmit geographic knowledge,
with support for human access to geographic knowledge, geo-
graphic problem solving and decision making. Thus, geo-
graphic information technologies, which need to have cognitive
science as a base theory, the computer as a tool, and geographic
thinking for simulation, analysis and solving geographic prob-
lems, is actually an integrated and comprehensive technology
platform of geographic data, information and knowledge.

3.1 Cognition, spatial cognition, geo-spatial cognition

The concept of cognition can be regarded in a broad sense as
the same as understanding; it is a kind of human mental activity
conducted by human brains that reflects the characteristics and
relationships of objective things and reveals to humans the
meaning and role of these things. Cognition is the general term
that describes various processes of a person knowing and unde-
rstanding the world in which they live, generally including
several organic and linked information processing processes,
e.g., concept formation, language description, problem solving
and individual differences (Wang & Chen, 2001). Through
acquisition, storage, conversion, analysis and use of informa-
tion, human beings can understand the objective nature and
laws of things, and form a conceptual world to describe and
represent the objective world. Spatial cognition is the capacity
and process that people understand of the patterns, distribution
of locations, interdependent relations, and changes or trends of
various things and geographic phenomenon in the living envi-
ronment (Gao, 2004). Geo-spatial cognition is a series of psy-
chological processes including human perception, imaging,
memorization and thinking processes (e.g., spatial encoding,
internal expressing and decoding) on geo-spatial phenomenon
and geo-spatial entities, to develop an understanding of geo-
graphical space and carry out geographic analysis and decision
making (Lloyd, 1997 ).

Therefore, research into geo-spatial cognition pays more at-
tention to the themes of geographic space (in which people can
have many kinds of activity) such as a geo-spatial reference
system, geographic implications, relationships, uncertainty, as
well as geo-spatial knowledge and human behavior representa-
tion that relate to cognition. The study content of geo-spatial
cognition is not simply interior space, or desktop space, or ab-
stract Euclidean space. However, the content involves the geo-
graphic environment that has prolific geographic implications
and semantics. Geo-spatial cognition is a major cross-cutting
area of research that integrates psychology, physiology, linguis-
tics, philosophy, computer science and many other disciplines
and geography and earth sciences. It studies how people acquire,
process, store, transmit and translate geo-spatial information, to
understand the environment in which they survive including the
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location, spatial distribution, dependencies and their changing
processes and development laws of various things and phe-
nomena related to the environment.

3.2 Development of geo-spatial cognition and repre-
sentation

Geo-spatial cognition is a case of the application of cogni-
tive science theory being used in the fields of geography, carto-
graphy and geographic information science. Spatial cognition
study in geography aims to explore the mechanism of the formation
of geographic implications, and how specific geographic reality
transforms into geographic implications for human beings.
Spatial cognition study of maps is to find the characteristics of
maps as a tool for understanding space and to explore how to
design a map to achieve the best possible effects for informa-
tion bearing and transmission. We argue that spatial cognition
in the context of geography is the essence of geo-spatial cogni-
tion research. However, theory and technology related to spatial
cognition research is still very limited in geographic informa-
tion science, and the patterns currently used mostly follow the
mode of map spatial cognition. The development trend is
shown in Table 1. For geo-spatial cognition, there is still a need
to carry out cross-disciplinary study of psychology, linguistics,
philosophy, earth science, computer science and other subjects.

Table 1 Spatial cognition and representation in geographic
information science

Class Representation method Static

Map Spatial representation

GIS Spatial representation + Spatial analysis

VGE Spatial representation + Spatial analysis + Process .
simulation Dynamic

3.2.1 Map spatial cognition and representation

A map is a visual and graphical representation of the Earth
surface space and its spatial relationships. During a fairly long
period of time, maps have been the main means for people to
describe the phenomena and features of the Earth surface, and
the map is the most fundamental and common way for repre-
senting geographic space. Latitude and longitude lines and map
projections are means for the exact expression of the result of
map spatial cognition, and the space of the real world is abstracted
as map symbols that consist of pure geometric features, such as
points, lines and polygons. In the 1970s, Western researchers in
cognitive science used maps as a tool for research into cogni-
tive processes, and cognitive processes based maps thus at-
tracted the attention of cartographers and geographers and they
began to research map spatial cognition and applied the results
of map spatial cognition research to the practice of cartography
and mapping. From the point of view that researchers use the
maps to access spatial information, understand and memorize
the information, and use the information to solve problems and
make decisions, map spatial cognition can be divided into four
basic processes, i.e., perception process of map space cognition,
imaging process, memory process, and thinking process (Wang

& Chen, 2001; Zhang et al., 2007).
3.2.2 Spatial cognition and presentation in GIS

In traditional cartography, three-dimensional dynamic space
in the real world is represented as two-dimensional static images
or graphics with plane geometry structures. The development of
GIS is an extension of map functions. Cognition in GIS focuses
on the locations of geographic features (Where) and the nature
of the feature itself (What) (Goodchild et al., 1999). From a
perspective of GIS design, geo-spatial cognition in traditional
GIS is on the basis of map spatial cognition, the main data
models still following map-based models in which the real
world is mapped as pure geometry features such as points, lines
and polygons. In map-based models, although the relationship
between feature locations can be described by the topological
relationship of the location, a description of semantic relations
among geo-spatial entities is lacking, and it is difficult to describe
the characteristics of the objective world as a whole. Its limita-
tions are also reflected in the following aspects: the conceptual
model of geographic information systems does not define the
temporal version and distributed identification of spatial objects,
it uses a static single-phase method to organize and manage
spatial data, geographic representation is limited to geometric
features with static and clear boundaries, and it is difficult to
describe dynamically changing processes and their relationships
in the geographic environment.
3.2.3 VGE cognition and representation

Virtual Geographic Environment (VGE) is one of the new
initiatives of the current development of geographic informa-
tion technologies. Virtual Geographic Environments aim to
describe the true three-dimensional Earth surface space in
computer system space and represent the complicated and dy-
namic geographic processes that are changing over time, thus
giving computers the ability to handle the geographic processes
that can be perceived and touched by geographic researchers,
assist users to access complete and multi-angle information of
the studied things through perceiving and understanding the
ability of the users, and provide a multi-dimensional virtual
platform with which people can naturally interact, that can re-
produce the past, predict the future, and repeat experiments.
The VGE thus helps people explore the geographic rules; ana-
lyze the formation mechanism of geographic processes, solve
geographic problems, and carry out planning and deci-
sion-making. In the framework of VGE, the research contents
of geo-spatial cognition includes not only the locations of geo-
graphic features (Where) and the nature of the feature itself
(What), but also the development process of how and where the
space-time things changed within this framework (How &
When) and their relationship with other geographic elements
(Why). This framework is similar to the “Integrated spa-
tio-temporal analysis environment” proposed by Peuquet
(2009). This so-called “human user in the loop” environment is
one where human users are also an integral part and needs to be
developed. Therefore, geo-spatial cognition research under the
framework of VGE needs to break the schema of traditional
map cognition and map-based geographic information system
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spatial cognition, to reflect the nature of understanding and
representation of the geographic environment that owns rich
geographic implications and semantic contents. Therefore, the
objective of VGE cognition and representation is the geographic
environment with geographic implications, which consists of
not only static features and phenomena in geographic space, but
also dynamic geographic processes and complex human behavior,
as well as the relationships between them. VGE needs to explore
how human beings transform the conceptual and semantic
models of cognition into mathematical or logical models of
time and space, integrate the theories and methods of human
reasoning and represent these spatio-temporal processes in
VGE systems. This approach is therefore the core for imple-
mentation and development of a next-generation platform for
geographic information representation and processing.

The representational forms of geographic space have ap-
peared as, for example, maps, geographic information systems,
to virtual geographic environments. Research into geo-spatial
cognition correspondingly advances from map spatial cognition,
geographic information systems cognition, to virtual geo-
graphic environment cognition. No matter what kind of repre-
sentational form, on one hand they are the result of human be-
ings carrying out geographic (spatial) cognition research and
perceiving and understanding the geographic environment; on
the other hand, they are tools for human beings to better under-
stand the geographic environment and to obtain geographic
knowledge. Therefore, the geo-spatial cognitive process is not
only the thinking process of design and production of maps,
GISs, and VGEs, but also the cognitive process of understand-
ing the geographic environment by using these representational
forms as tools. In addition, both benefit from each other. For
example, analysis of the characteristics of VGE cognition can
help in the more effective design of VGE systems and can
promote their development, while design and development of
VGE systems based on the research in VGE cognition that
matches the nature and laws of human being cognition can in
turn help users to access geographic knowledge naturally and
easily, solve geographic problems and carry out decision-making
effectively.

4 VIRTUAL GEOGRAPHIC ENVIRONMENT COGNI-
TION AND REPRESENTATION

A Virtual Geographic Environment integrates geographic
quantitative methods, experimental geography science, and
information science and technology. It has the characteristics of
geo-scientific computing and virtual representation, knowledge
exchanging and sharing based on geographic process models,
and working patterns of geo-collaboration. It supports repre-
sentation of geographic phenomena and processes and changing
mechanism analysis. It provides a new geography research and
geographic knowledge application in interactive ways to carry
out geographic study on the complex processes and geographic
systems (Lin et al., 2009). Therefore, VGE cognition can be

understood from two levels: first, perceive and understand the
real geographic environment and use the form of VGE to rep-
resent it, thus letting humans generate a feeling of “virtual reality”
of the real environment; second, study and understand the phe-
nomena and processes that are represented in VGE platforms,
and then progress “beyond reality” trend prediction or under-
standing based on the relevant geographic knowledge. Conse-
quently, the paper discusses issues of VGE cognition and rep-
resentation from two aspects. First, the characteristics of virtual
geographic environment cognition are analyzed in order to help
users to better understand the phenomena and processes that are
represented in VGE platforms and obtain relevant geographic
knowledge; secondly, the characteristics of the virtual geo-
graphic environment representation are analyzed and the meth-
ods of how to perceive and understand the real geographic en-
vironment explored to help abstraction and modeling of the
reality and then its representation in VGEs.

4.1 Characteristics of VGE-based cognition

Geographic cognition based on virtual geographic environ-
ments can be defined as that with virtual platforms: people
understand the geographic environment (natural, social, human
environments) in which they survive, including the locations,
dependency relationships, changing processes and laws related
to various things and phenomena in the environment. Geo-
graphic recognition is “a base theory for research on the occur-
rence, impact, cause and effect, trend analysis of things and
phenomena, and an engine for inspiration ideas of image think-
ing and creative thinking in scientific exploration” (Gao, 2004).

Geographic cognition is a basic function of virtual geo-
graphic environments. Cognition is based on one’s perception
and experience. Lin et al. (2005) argue that compared to geo-
graphic linguistic characteristics and functions of VGEs, the
abstract representation of the real world in VGE platforms has
some more advanced characteristics; for example, multi-modal
visual representation with multi-dimension, multi-viewpoint,
and multiple details; a variety of natural interaction modalities
and geographic collaboration across time, space and scale; and
multi-perceived spatial cognitive abilities. VGE can thus sup-
port more natural and multi-perceived spatial cognition, abstract
representation and analysis-understanding abilities beyond real-
ity. It is an integrated ideographic system that is user-centric,
and has the natural communication and representation mode
that are closely similar to human beings. In addition, it can be
widely used for realistic reproduction of the real physical envi-
ronment and to provide spatial decision support capabilities.
The more attractive application of VGE lies in its ability to
simulate those spatial phenomena and geographic processes
whose occurrence is difficult or hard to reproduce in the real
world, or are difficult for people to perceive directly but only
have abstract concepts about those geographic processes, such
as visualization of underground structures, simulation of com-
plex spatio-temporal phenomena (such as typhoon evolution,
flood, air pollution, etc.), inversion of historical processes, as
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well as deductions on some future development. With the rapid
development and integration of computer technology, commu-
nication technology and geo-spatial information technology,
VGE platforms lay more stress on interaction, communication,
and spread of spatial information and geographic knowledge.
Based on VGE platforms, users can obtain knowledge and expe-
rience by perception of a sense close to natural mankind and a
new form of various ultra-realistic virtual spaces. The charac-
teristics of VGE mainly involve the following:

(1) The nature of intuition and imagery, close-to-the-true
perception, interaction, and integration. VGE is an extension of
functions of maps and GISs. VGE has not only spatial reading
functions of traditional maps and spatial data management,
query, calculation, and analysis capabilities of GISs, but also
has the feature of process representation and visualization in
interactive, immersive, close to the true nature, and augmented
reality ways. Therefore, VGEs support the gaining of a more
comprehensive geographic understanding through multi-di-
mensional perception and interaction that is beyond reality and
closer to the true nature, immersive perception and experience,
and knowledge sharing and interaction.

(2) From the perspective of the development of relationships
between producers and users (for cartography map producers
and users are almost completely separate), the boundaries for
geographic information systems between developers and users
are getting more and more fuzzy at present, while creators and
users of VGE systems will be gradually developed into a very
intimate relationship, and both are actively involved. Thus, the
hosts of the two levels of VGE cognition are almost unanimous
that they are both providers and practitioners of VGE knowl-
edge. Due to geographic cognition being a complex process that
involves the interaction of top-down and bottom-up processes
(Wang et al., 2005), the unity of producers and users promotes
VGE to a more suitable means of representing human cogni-
tion.

(3) VGE cognition integrates real practice and virtual prac-
tice in geography. Virtual practice based on VGEs can be free
from the constraints of time and space, in which the cognition
hosts can be absent, and the practice can be repeated, exagger-
ated and even beyond the reality. Virtual practice raises changes
of scientific experiments, production practices and the interac-
tive relationships between them. On the basis of virtual practice,
people can extend cognition contents, repeat the experiment or
obtain experience and cognition in advance. Applying virtual
practice to human cognition processes and integration of virtual
knowledge from virtual practice and real knowledge from real-
ity can bring about major changes to the ways that humans
understand the real geographic world, reduce the cost of under-
standing, raise the efficiency of awareness, accelerate the de-
velopment of geographic cognition, and thus affect significantly
human beings understanding in geography.

4.2 Representation based on VGE cognition

Language is a thinking medium of cognition in traditional
cognition. However, geographic cognition has a mental image

as its thinking base in that the nature of geography research
contents determines that geographic cognition needs visual
thinking operations (Zhai & Lu, 2008). Geographic cognition is
a thinking process that is characterized as a base of mental imagery.
Mental image (imagery) is a cognitive schemata that resides in
one’s memory about the geographic world and geo-spatial
characteristics and representation of the cognition results of
geographic implications. Visualization of the mental image
schemata needs special graphical forms, thus flourishes in the
new research field of Geo-Visualization (Geovisualization). For
example, MacEachren and Kraak (2001, 2005) described the
challenges that the Institute of Geo-Visualization faced, and
explored some specific research aspects in this field, e.g., spa-
tial cognition, geospatial data visualization, interactive control
on dynamic maps, and geographically working together (Geo-
collaboration); Ai (2008) analyzed and presented several repre-
sentation forms of map visualization that are suitable for char-
acteristics of geographic cognition, among which was the cyber
map (Cybermap), being the visualization technology for visual
representation of the existence of things, phenomena and proc-
esses occurring in cyber/virtual space. Through computer and
network technologies, VGE is a visual representation form for
virtual geographic space and time, which has the ability to
make geographers experience and understand natural and hu-
man elements of space-time relations in the computer-generated
three-dimensional environment, by using quantitative analysis,
numerical simulation and other methods, as well as the interac-
tive collaborative technologies to analyze geographic problems
in-depth, visualize the geographic environment, simulate geo-
graphic phenomena, reproduce and predict geographic climate
change and other related issues, and explore the laws of geog-
raphy. VGE has features of multi-dimensional dynamic visu-
alization and multi-sensing and geographic synergies interac-
tion and geo-collaboration (Lin et al., 2009). We argue that
VGE is an ideal form for the representation of the geographic
environment that matches the nature of human cognition.
4.2.1 Three levels of VGE representation

At present, representational forms for the concepts and im-
plications of geography (space) are diverse, such as the form of
map that has a base of latitude and longitude lines and map
projection, the form of GIS that focuses on spatial relations,
distance and location representation, and the form of VGE that
stresses representation of geographic processes. Consequently,
research into geo-spatial cognition also leads to a transition
from focusing on representation and analysis of spatial relation-
ships and spatial morphology to geographic process research
based on representation of the total relationship between tem-
poral and spatial changes. VGE representation aims to represent
the real geographic environment in the form of virtual environments,
of which the contents involve the geographic environment from
the perspective of geography, including not only static features
and phenomena in geographic space, but also dynamic proc-
esses and complex human behavior and their relationships.
Virtual representation in VGE of the real geographic environ-
ment can be divided into three levels (shown in Fig.1): repre-
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sentation of basic geographic structures and other infrastruc-
tures, such as static geographic features and phenomena; repre-
sentation of dynamic geographic processes; and simulation of
human behaviors that interact with the relevant geographic
environment. The first level can be basically regarded as an
extended visualization function that traditional GISs extend
from two-dimensions to three-dimensions in geospatial repre-
sentation and visualization. Abstraction, representation, organi-
zation and storage of geographic space information are core
contents of GIS data management (Menus et al., 2000). In
geo-spatial data models, data are used to abstract and formalize
the real world for geo-spatial description. In traditional GIS
abstraction and cognition of the real world, geographic entities
are structured as two-dimensional mathematical geometries,
such as points, lines, polygons, and grid cells (grid) using hier-
archical data organization methods. However, there is a wide
gap between this abstractive representation and simplification
of the real geographic world and people’s natural perception
and understanding of the real world. At present, development of
three-dimensional data models and three-dimensional GIS research
in the field of geographic information are unfolding; meanwhile,
research on three-dimensional modeling methods is one of the
foremost areas in the current virtual reality and VGE fields.
There are two main modeling methods: one concerns Surface
Models that focus on three-dimensional surface representation;
and the other involves Voxel models that have the capabilities
of representing spatial relations within the objects. A Voxel
model can be used to represent the three-dimensional position
of any point, which can be given properties, methods, and
events that can be the same as in the real natural environment;
thus it can be used to represent the relationship between the
geographic processes that are commonly studied in geography
and the geographic variables, and this helps the conduct of
mathematical models based on virtual three-dimensional envi-
ronments for dynamic process representation.

On the basis of representation of three-dimensional geographic
space, VGESs pay more attention to representation, organization
and storage of geographic processes and the relationships between
them and the related geographic factors. Therefore, research on
VGE representation requires not only further research on spatial

Human-natural e v
-

Relationship “SguaglUs

a

Phenomenon LERETSEN Tt

: henomeno:
evolution

Fig. 1 Three levels of VGE cognition and representation

data models that can effectively carry out the representation of
spatial relationships and dynamic access to spatial data, but also
research on geographic process management models, in which
the system macroeconomic framework, the model organization,
and the micro-data structures should be explored for represen-
tation, organization and storage of the relationship between
geographic variables and geographic factors effectively and
capably. Human behavior simulation is a higher level of func-
tionality for a virtual geographical environment. It is a
multi-disciplinary cross-cutting research area that combines
psychology, cognitive science, artificial intelligence, computer
graphics, multi-channel interaction, as well as application areas
such as education, military, fire, disaster, and others. Geographic
process model management and visualization are important
aspects of VGE representation, which integrate and unify effec-
tively multi-disciplinary professional models, such as geographic
processes and human behavior models, into a virtual environ-
ment. By using VGE, both developers and users can carry out
model designing, creation, visual simulation, testing and improve-
ment, as well as conducting real-time control, experience and
observation on models. For example, currently VGE integrated
applications include fire models and pollution dispersion mod-
els; and many applications of human behavior simulation have
been used in military training, fire drills and other fields.

4.2.2 Representation of geographic processes and simulation

of human behavior

The issues of modeling and spatial data integration are the
core of VGE research, which mainly includes representation
and simulation of geographic processes and human behavior.
Geographic processes refer to the dynamic processes in which
geographical things change over time and the associated geo-
graphic factors. According to the characteristics of their spatial
variation over time, geographic processes can be divided into
geographic cycle processes, geographic evolution processes,
geographic volatility change processes, and geographic disper-
sion processes (Li & Yao, 2005). In the Earth surface natural
environment, some geographic processes are visible, while
others are not. Some common representation forms, including
empirical formulae, mathematical models, or descriptions of the
probability distributions, are used by earth science researchers
to describe and indicate the dynamic evolution process over
time and in space of the studied geographic variables or factors.
Geographic process models thus contain some basic facts, concepts,
principles, laws and other knowledge of the studied spatio-
temporal object as well as the relationship with other relevant
geographic factors; that is, a geographic process model is the
knowledge of some specific geographic process.

Scale is a key concept in geographic process representation.
Geographic process representation is highly dependent on the
scale, for example, with different scales a geographic mosaic
feature has different spatial morphology and functions and the
relationship is complicated. Therefore, deduction and conver-
sion of geographic processes with different scales are rather
difficult. Research into geographic processes across spatio-
temporal scales is a difficult problem in research of spatio-
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temporal dynamic simulation modeling and analysis of space
and time in geography theory and practice. Correspondingly,
current awareness and understanding of VGE still mainly fo-
cuses on three-dimensional visualization of geographic space,
and query and retrieval of geographic data, while research in
multi-scale geographic process representation and analysis of
dynamic geographic processes has not yet been started. Further
development of VGE needs a breakthrough that involves con-
struction, representation, and management of three-dimensional
geographic models that aim to describe the spatial distribution
and the specificities of geographic processes (Li & Yao, 2005).
To achieve the construction and management of a geographic
process model library in VGE, establishing conceptual models
to describe geographic phenomena and geographic processes is
first of all needed; then on the basis of this, the method of logi-
cal modeling to deal with the conceptual model should be stud-
ied, and the approach to implementation of modeling for stor-
age and management of the geographic process database needs
to be established. Visualization of geographic processes can be
achieved based on such data architecture.

Human behavior modeling and simulation is a formal description
for human thinking, reasoning and other aspects of human behavior.
All human behavior is dominated by the activities of thinking;
therefore, human behavior simulation needs to simulate human
brain thinking for the establishment of flexible and adaptable
models of human reasoning and behavior. Due to the inherent
diversity and complexity of human beings and the lack of research
on human behavior variables and existing theories, it is very
difficult to sort out clearly all possible actions that promote
human reasoning, complex interactions, and related knowledge.
Behavior modeling scientists believe there is still a long way to
go before a model that can fully describe human behavior can
be established (Boland, 2007). On the other hand, in the long
run, the benefits of human behavior simulation are obvious in
that it can assist human beings to carry out a variety of produc-
tion and living activities, harm reduction, cost savings, and
improvements in efficiency.

There are many forms of human behavior, such as human
behavior in particular geographic environments (e.g., awareness
of the involved environment, psychological evaluation of geo-
graphic features and phenomena, etc.), the behavior of different
human activities (such as shopping, communication activities,
etc.), and the behavior relevant to location selection, population
migration, the spread of disease, human behavior in traffic, and
so on. At present, human behavior simulation is still in its initial
stage, and much work remains to be carried out. Currently domestic
research involves virtual human walking, sitting, bending,
twisting and other physical movement simulation (Qin et al.,
2002). But this research is limited to simulation of movement
of the human body and lacks a study on the most critical activi-
ties of human beings: thinking and intellectual activities. More
research has been carried out to simulate behavior in a specific
environment, such as evacuation behavior simulation of a fire
escape (Wen et al.,, 1998), driving behavior simulation of
autonomous intelligent virtual humans (Qin et al., 2003), simu-
lation study on entity conduction in military exercises (Yang et

al., 2004), etc. These studies are of very important practical
value when referring to specific issues. Behavior simulation in
specific environments thus becomes an important aspect in
current human behavior simulation research in the VGE field.
There are some typical applications that have been developed,
such as virtual fire drill, virtual training, and virtual battlefield
training. Social interaction simulation is becoming an important
area of human behavior research. Currently, the most popular
distributed virtual environment applications are 3D online vir-
tual worlds, providing a good simulation platform for humans
having a virtual community life and social interaction.

Research of model representation and simulation in VGE
needs to be carried out on modeling methods referring to geo-
graphic process representation, simulation and analysis. Priority
efforts should be given to these aspects: analysis of geographic
processes and the behavior, establishment of geographic proc-
esses and behavior based representation and simulation models;
studies on approaches to spatial-temporal processes that are
more consistent with human understanding logics and seman-
tic-driven representation. Rather than the issues of available
data formats and structures, we suggest that classification of
processes and human behaviors can be conducted first, then
organization and processing of geographic data and process
knowledge from the three levels of data, information, knowl-
edge to build a corresponding data model, information model
and knowledge model and a comprehensive dynamic integrated
model framework. For the issue of multi-dimensional visualiza-
tion and representation, interactions between users and the vir-
tual environment in the visual, auditory, and tactile need to be
considered. One of the most important contents in current VGE
research is the establishment of an interactive, perceivable
multi-dimensional VGE model, which is oriented to geo-
graphical process representation and behavior simulation.

5 CONCLUSIONS

VGE is a mapping and virtual representation of the real
geographic environment in computer space. VGE aims to
reflect the geographic space systems, geographic processes
and social systems using a natural way that is amiable to human
beings. As a next-generation platform for Earth system research,
compared to the past tools of geographic information process-
ing, VGE cognition and representation have new contents and
features.

This paper analyzes the differences between the real geo-
graphic environment and the geo-spatial concepts of current
geo-information technologies. We believe that such differences
are barriers to the development of geographic information the-
ory and technology. Virtual geographic environment cognition
and representation concepts are proposed and analyzed. The
contents of VGE cognition and representation include geo-
graphic features and phenomena, geographic processes, human
behaviors and the relationship between them in the real world.
Characteristics of VGE cognition and representation are ana-
lyzed. We argue that VGE represents the real world from three
levels: Earth surface features and phenomena, geography proc-
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esses, and human behaviors. Research into VGE cognition and
representation needs to carry out not only development of
geo-spatial cognitive theory and methods; at the same time, it
needs to expand cognition and representation on dynamic geo-
graphic processes and human behavior. Therefore, to develop
and realize VGE systems, which is a next-generation platform
of geographic information representation and processing, the
key issues consist of how to establish conceptive models of
cognition of the geographic environment, how to transform the
conceptual and semantic cognition models into mathematical
and logical models, how to integrate the concepts and methods
of spatial-temporal process reasoning and representation into
VGE systems, and how to establish interactive, perceivable
multi-dimensional VGE models of geographic processes and
behavior-oriented expressions that can be an interactive,
multi-channel-aware model, which is oriented to geographical
process representation and behavior simulation. Currently, related
research is still being explored.
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