
 

 

 

Items of information and knowledge can be structured in a variety of ways. Typical structures include: 

• hierarchies organised by topic or date 

• networks (graphs) of related items 

• omulti-dimensional tables of attributes or metadata 

• content-based vector spaces. 

The field of information visualisation seeks to invent or design useful spatial mappings (visual 
representations), and interactive exploration tools for those mappings, for information structures which 
are not themselves inherently spatial.  

The usefulness of a visualisation can be expressed in terms of its utility (the functionality to do 
the job) and usability (learnability, efficiency, and subjective satisfaction) in supporting a specific user 
achieve a specific goal. 

Over the past decade of information visualisation research, certain general principles have 
emerged. These include focus plus context, space filling displays, and object constancy through 
smoothly animated transitions. 

This paper presents some of the general principles of information visualisation followed by an 
overview of the information visualisation techniques developed at the IICM in Graz for the visual 
exploration of various kinds of information structure. 
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 This paper describes CmapTools, a  concept map-based knowledge modeling and sharing 
software environment and the research effort that supports its development. Concept maps are an 
effective way of representing a person’s understanding of a domain. Technology can further help by 
making it easy to construct and modify that representation, to manage large representations for 
complex domains, and to allow groups of people to share in the construction of the maps. CmapTools 
is a client-server software environment developed at the Institute for Human and Machine Cognition 
that empowers users, individually or collaboratively, to represent their knowledge using concept maps, 
to share them with peers and colleagues and publish them. It is available for free for educational and 
non-for profit organizations, and public servers have been established to promote the public sharing of 
knowledge. 

In CmapTools, we have extended the use of concept maps beyond knowledge representation, 
to serve as the browsing interface to a domain of knowledge. In the case of a large domain, or of a 
detailed representation of a domain, a single concept map can become unmanageable for the user to 
comprehend, display, and manipulate. To facilitate the construction of large representations, 
CmapTools allows the user to split them into collections of concept maps (Cmaps). To show the 
relationships between the Cmaps in the set, the software facilitates the linking of Cmaps, enabling the 
navigation from one Cmap to another. Additionally, the user can establish links to other types of 
resources (e.g. images, videos, sound clips, text, web pages, documents, presentations, and other 
Cmaps) that help explain and complement the information in the map. The client program works fine 
as a standalone tool, however, the ease with which knowledge models can be shared and 
collaboration can be established through Places (servers) is what makes CmapTools unique. 

Leveraging on the topology and semantics of concept maps, we have enhanced the software 
with a set of tools that aid the user during the process of constructing knowledge models. These 
include concept map-based web searches; mining the web to suggest concepts, related concept 
maps, web pages and topics for additional maps; disambiguating the sense of concepts to using 
WordNet, and comparison of Cmaps. 

We present the network architecture of CmapTools, the support for collaboration – both 
synchronous and asynchronous – and how the tools to support the construction of knowledge models. 
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     My talk will include a discussion of the theoretical framework for a Learning Environment Organizer named 
LEO, a demonstration of the software, and a discussion of how LEO embodies elements that foster both 
information and knowledge visualization. LEO is a network-enabled software tool based upon extensions to 
Concept Maps, that can be used to help course designers or instructors visualize and plan courses. The resulting 
Organizer serves as the interface to the course for the student, when the course is offered.  

     The pedagogical impetus for LEO comes from Ausubel’s Assimilation Theory. Assimilation theory holds that a 
representation such as an advance organizer, that fosters progressive differentiations of subsumable concepts 
and the integration of superordinate concepts, can play a salutary role in the meaningful learning of a domain of 
knowledge. LEO provides the instructor and student with such a global conceptual representation of the structural 
knowledge in the course. 

     A Learning Environment Organizer has a directed graph structure in which some of the nodes are designated 
as topics and others provide explanatory information that elucidates the relationships among the topics. Topic 
nodes have a variety of relevant information attached, including links to pertinent content, completion criteria or 
assignments pertaining to the topic, a variety of collaboration capabilities including instant messaging and 
discussion threads specific to the topic, and an indication of student progress. The labeled, directed arcs between 
nodes are used to make explicit both the conceptual relationships among topics and prerequisite relationships. 

     LEO's implementation includes several elements that were suggested by information visualization and 
knowledge visualization techniques. Information visualization research seeks to identify representations that 
foster understanding of and navigation through large information spaces. Examples of such representations 
include focus and context, the ability to show or hide or to emphasize or de-emphasize elements in a display, etc. 
Information visualization implementations should provide the user with explicit capabilities to customize the 
display of their information spaces. LEO provides the user with a focus and context scheme that facilitates global 
understanding and detailed focus within a course organizer. The user can expand a topic node to show details of 
links to content, completion criteria, etc, or collapse the topic node to hide details. LEO presents the capability to 
tailor the display to the needs of the individual user by emphasizing or de-emphasizing sub-graphs within the 
organizer. It is possible to emphasize or gray out any user-selected sub-graph, or any category of node such as 
the explanatory elements in an organizer, topics that are completed or for which the user is not ready, etc. 

     LEO provides a meta-cognitive tool for course designers or instructors to visualize and explore alternative 
course organizations. LEO provides a modeless graphical editor that makes creating and changing an Organizer 
very simple. It is easy to add or delete nodes, to mark individual concepts as the topics in the course or to change 
what was formerly a topic into explanatory information, to indicate prerequisite relationships among the topics in a 
course, and to create or delete links to supplementary educational resources. It is also possible to indicate 
relationships between topics that do not indicate prerequisite relationships. The visual representation of the 
course layout facilitates exploration of different course organizations by the designer. The representation makes it 
simple for the course designer to determine what accompanying resources have been linked into a topic. 
Resource reuse is fostered through drag and drop to associate resources with topics.  

     LEO was originally created as a pedagogical adjunct to Cmaptools, the subject of Dr. Alberto Cañas' talk and 
paper. CmapTools affords creation of hypermedia knowledge models of a knowledge domain for which LEO 
presents an organizing capability. The CmapTools environment, with its myriad capabilities, significantly 
augments LEO's features for course design. In turn, the process of constructing educational resources pertaining 
to a knowledge model, organizing knowledge model resources, and presenting them to students, is greatly 
facilitated by the information and knowledge visualization capabilities that LEO provides. 
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The utilization of information and knowledge stored in digital libraries, knowledge repositories, document 
collections, learning environments or general in the Web is a challenging area of the information society. The 
efficiency and effectiveness of the information access depends on the design of the human computer interface. 
Semantic networks are used for the classification of information and organization of knowledge in many areas. 
Examples are thesauruses for databases, classifications for digital libraries, ontologies for the knowledge 
organization and concept maps for the knowledge transfer. In general three models of organizational structures 
can be distinguished, which differ in their degree of complexity: associative networks, simple semantic networks 
and hierarchies. Another rapidly growing application field is the Semantic Web that allows for the representation 
of knowledge in a machine-readable format and the semantic linking of information. 

To use these information structures a great number of visual user interfaces and tools were developed, classified 
in three main categories: graphs, grids or text based tools. Although a great number of experimental tools for the 
visualization of semantic information structures were developed, only a few visual metaphors got a general 
acceptance as user interfaces. One reason is, that the representation of abstract information is not related to 
spatial structures or visual objects. Another problem is, that the exploration of abstract information structures 
requires in any case the reading and understanding of textual information. 

The paper describes design principles of more user-centred interfaces for the access to semantic and structural 
information, which result from the analysis of existing visual metaphors for the exploration of semantic data 
structures: 

§ Text is an essential element for a content-related navigation. 
§ The efficiency and effectiveness of the search for information with semantic information structures can be 

enhanced by a higher level of user interaction. 
§ Use graphical elements for navigation and quantification, not for the representation of abstract information. 
§ Allow for the backtracking of user activities. 
§ The visualization of the entire information structure (overview) is often not required and depends on the content 

and user’s needs. 
§ Take into account user’s needs, their experiences and habits. 
§ Achieve an informal value by means of visual metaphors. 

 
Two prototypes of user interfaces one for the interactive exploration of semantic knowledge structures (ontology 
browser) the other for the exploration of assigned information resources, for example books, journals or 
documents (document browser) demonstrate the application of these design principles. 

The ontology browser is a text based browser for all types of semantic information structures: ontologies, 
hierarchies and networks. Special emphasis was placed at the backtracking of the user activities and a fast, 
straight forward search for information. The graphics design refers to the human-computer-interaction and the 
visual display of quantitative information. Through its compact design, this tool is usable on all available displays 
including small devices as used in mobile communications. 

The document browser is a graphical user interface for the interactive exploration of information resources like 
books, journals, articles or papers. By a specific navigation and user interaction, it is possible to search visually 
and very fast for available objects at different document levels, for example cover pages of journals and related 
articles. The graphics represent interaction elements and important quantitative data, for example the number of 
items of a journal or the number of pages of a document. 

A combination of both tools can be used as an interface for the access to information in digital libraries, 
catalogues or knowledge repositories by means of hierarchical classifications, semantic networks or ontologies. 
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  This paper describes lessons learned from the development and exploration of the Texas 
Christian University Node-Link Mapping system (TCU-NLM).  Implications for creating synergies 
between information and knowledge visualization are drawn from these lessons.  Work on this project 
began in 1972 and has been supported by the Defense Advance Research Project Agency, U.S. Air 
Force, U.S. Army Research Institute, National Science Foundation, and the National Institute on Drug 
Abuse.  Over 80 publications have resulted from this research and development effort.  As with other 
mapping techniques, TCU-NLM is based on the spatial organization of nodes (enclosed ideas) 
interconnected via links (lines that express relationships).  Three general types of maps have been 
examined within this system:  Content maps that are created by instructors and other experts to 
present information for acquisition or reference (e.g., as job aids), guide maps that contain “fill-in-the-
blank” nodes created by experts for completion by learners or clients, and free maps that are created 
“from scratch” by learners or clients.  These three types of maps are used to provide reference 
information for problem solving and troubleshooting, and as devices to foster learning.   

Over the course of our work with this system we have examined different infrastructure 
principles for altering the role of the links (e.g., use of link labels, colors, and arrowheads) and nodes 
(e.g., use of shapes, location, and color) as potential communication devices.  We have also 
examined the impact of different organizational principles such as the use of gestalt features (e.g., 
proximity, symmetry, common boundary) and content structures (e.g., hierarchies, chains/loops, and 
clusters).  These sets of principles have been then incorporated into the training of individuals to 
produce and use maps. 

The results of our research suggest that appropriately constructed maps can be helpful for 
people with low verbal ability, valuable for cross-cultural communication and language learning (i.e., 
split nodes containing two or more languages), can expand individual’s cognitive capacities by 
activating non-verbal brain process, help illustrate higher order relationships and information gaps, 
improve memory and retrieval, allow for idiosyncratic exploration, and serve as props for cooperative 
activity.  On the other hand, under some conditions, maps contain insufficient detail and richness for 
expressing complete and/or ambiguous relationships, may impede mental model development by 
overloading or interfering with mental imagery, may restrict alternative views of the content domains, 
conflict with prior knowledge, and create confusion and backtracking by offering too may alternative 
processing routes.  However, providing auditory support, processing route guidance, and strategy 
training can ameliorate these difficulties. 

The principles emerging from our work with TCU-NLM have implications for both knowledge 
and information visualization.  Hopefully integrating these principles into both domains will help unify 
and enrich development efforts by creating a common language that will promote greater 
communication between practitioners and researchers. 
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 This paper introduces and briefly discusses the particularities and features of current  
personal Webpublishing practices such as Weblog authoring and RSS based content syndication and 
aggregation. Weblog authoring, in particular, offers an interesting potential and a new perspective for 
the elicitation, construction and sharing of personal knowledge  and the construction of networked 
conversational learning environments.  

 

However, the organizational principles currently guiding the practice of Weblog authoring, such 
as the reverse chronological display of content and simple topical categorization of content items, 
provide only weak support for the construction of elaborated, highly abstracted interfaces to personal 
knowledge domains. In addition, many Weblog based "conversations" can be qualified as rather 
fragmented, which makes it also hard to track, monitor, and elaborate these exchanges over time.  

 

We believe that the application of visual mapping tools in conjunction with personal 
Webpublishing tools and practices could enhance the predominantly text-driven, somewhat 
fragmented, production and exchange of personal knowledge through Weblog authoring and 
overcome current constraints and weaknesses. For example, individual learners could create visual 
layers of abstraction that not only organize and elaborate the experiential accounts of their learning 
activities and other verbalized meaning making efforts, but also integrate this personal material with 
conceptual knowledge and additional resources.  

 

We will outline technical and conceptual potentials and constraints for connecting visual 
mapping and personal Webpublising for individual and collaborative knowledge construction and self-
organized learning. 
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This contribution reports results of our research on students’ learning strategies in a project-oriented chemistry course (Graeber, 
2002). The students were asked to study issues from their everyday life in a self-regulated way. The issues were organized and 
stimulated by the cognitive apprenticeship approach (Collins, Brown, & Newman, 1989) with the use of a digital mindmapping 
system for promoting the development of cognitive and meta-cognitive strategies. In the first phase the teacher acts as a model 
solving a problem from everyday life. He/She introduces the content and strategies and tools for self regulated learning to the 
students. The second phase is a group work phase where students autonomously study self chosen issues from the same field. 
One of the main problems during these self-regulated sequences is supporting students’ learning and knowledge management 
processes. 

The increased complexity of knowledge in many fields, the growing flood of information and the accessibility of information 
worldwide (possibly due to the New Media) make work based on knowledge more and more difficult because the individual’s 
cognitive capacities are overloaded. Particularly our ParIS-students, dealing with complex and ill-defined issues and problems, 
are confronted with the danger of cognitive overload. This knowledge based work demands ways of externally representing 
knowledge which meaningfully complement the memory’s functions. To promote the organization and the representation of 
knowledge, procedures and tools are necessary. These tools should enable the organization of one’s own divided and 
disseminated knowledge as well as information corresponding to personal interests and task-connected requirements The goal 
of the external organization and representation is to find information again, work it over, complement it and to put together a 
chain of coherent arguments for a scientific contribution. Cognitive tools, e.g. mapping tools, are said to potentially be able to 
support the corresponding cognitive functions (Jonassen, 1992). Mapping tools are tools to visualize and externalize knowledge 
(Jonassen, Beissner & Yacci, 1993; Mandl & Fischer, 2000). Modern electronic mapping-tools are suited to complement 
cognitive processes in a way that was not possible in the past.  

In the ParIS Project we asked our students to use a mindmapping technique (with Mindjets' MindManager) which mainly 
reduces the huge amount of learning content to essential concepts and ideas. The cognitive process of reducing complexity 
needs deep information processing strategies and supports the integration of concepts into the learner’s cognitive structure. 

Our research aims at the mindmapping’s suitability for promoting self regulated problem oriented learning. We, thus, focused on 
the support of cognitive, meta-cognitive and motivational strategies. We studied empirically to what extent the Mindmanager 
helps in organization, representation, localization and use of external knowledge and analysed the conditions for the user, the 
task, the didactic and the curricular embedding. 

Two 10th grade classes at a German Waldorf school were divided into four groups of 14 students each and taught a chemistry 
topic “natural cosmetics”sequentially for 6 weeks by the same teacher. We organized the groups according to a 2x2 matrix, with 
cognitive apprenticeship and mindmapping as independent variables. 

Using a questionnaire, students were asked about their use of learning strategies, their achievement level concerning the 
subject and computer technology, acceptance of the software tool, difficulties in handling, and particularly which steps in the 
learning process had been supported most by the mindmapping tool. In addition to the questionnaire, we performed a 
classroom test referring to the science content and interviewed the teacher. 
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Information visualization and knowledge visualization use comparable techniques and 
methods. Based on mapping rules, resource objects are translated into visual objects as meaningful 
representations, offering easy and comprehensive access. Whereas information visualization displays 
data objects and relations, knowledge visualization maps knowledge elements and ontologies.  

Despite all similarities, these research fields march separated, especially when it gets to 
mapping tools. We believe that information and knowledge visualization could mutually enrich each 
other, provided that setting-up a common basis for their visualization tools would be successful. 

Bridging this gap must set-out at concept level. Our approach is to design a declarative 
language for defining information visualization applications (IVML). This language provides a means to 
formally express, note, preserve, and communicate structure, appearance, behaviour, functionality, 
and semantics of information visualization techniques and applications in a standardized way. 

The anticipated benefits comprise both application and theory. Standardized models allow for 
the implementation of diverse interpreters serving various target platforms. Graphical user-interfaces 
deploying information visualization techniques can be described and requested on-the-fly, also by 
machines. More important, the underlying formal-model renders possible analysis and reasoning in 
turn enabling to lay-open information-visualization application design-flaws. 

The characteristics of the IVML can greatly contribute to the field of education. Today, 
mapping tools are broadly available, from which a great deal allows for designing and utilizing 
visualizations in a quick and efficient manner. However, none of these tools is capable of externalizing 
the knowledge embedded in the visualization design. Though, this was essential for the application of 
mapping tools in education. Imagine tutors designing lectures or self-driven students generating 
individual maps while learning. The tutor notes the created map so that students later can recall and 
use it. Students in turn preserve their individual map. Or, for sharing their experience, communicate it 
to peers. In all these scenarios, the modelling language captures structure, appearance, behaviour, 
functionality and semantics of the visualization.  

In the workshop, we will present the state-of-the-art on information visualization models and 
application development technology and contrast our approach. Based on prototypes, we will show 
the application of IVML in education scenarios. 
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 This workshop focuses on the application of concept maps for visualizing semantic relationships  

in order to enhance meaning making. Concept maps support the definition of associative relationships 

which supports comparison-contrast reasoning.  However, concept maps are inadequate media  

for representing dynamic causal relationships. Which is more important for scientific thinking.  

In this paper, I describe how causal relationships can be conveyed to learners, covariationally  

and mechanistically.  Both forms of reasoning are required for complete understanding of causality.    

I will demonstrate covariational understanding of causality can be represented using influence 

diagrams, and how students can use systems dynamics tools to represent both covariational  

and mechanistic representations of casual relationships.  
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Up to now, information visualizations, i.e., graphical representations of huge amounts of 
abstract data which do not have a natural visual representation, have been mainly used to support 
information retrieval. We investigated whether information visualizations are also suitable to foster 
knowledge acquisition. In addition, we address the issue of how information visualizations have to  
be designed in order to support learning of abstract data.  

 
According to different psychological theories information visualizations  
might have a substantial didactical potential. These theories are: 

• Theories on computational effectiveness (Larkin & Simon, 1987),  
• Cognitive theory of multimedia learning (Mayer, 2001),  
• Theory on visual-spatial working memory (Logie, 1995), 
• Theories on spatial cognition: differentiation between the  

what- and the where-system (Landau & Jackendoff, 1993), 
• Cognitive load theory (Sweller, van Merriënboer, & Paas, 1998). 

 

We derived design rules for information visualizations which are suited to support knowledge 
acquisition by conducting analysis of requirements and consulting design rules of both information 
visualizations used for information retrieval and the learning and teaching research. An open question 
remained: the question whether information visualizations used for knowledge acquisition should be 
2D or 3D as well as whether knowledge acquisition can be further enhanced by using color coding to 
represent additional information. Therefore, a framework for spatial information visualizations in form 
of scatter plots was implemented in order to examine the impact of dimensionality and color coding on 
knowledge acquisition with information visualizations. The framework allows displaying attributes of 
arbitrary datasets, where specific attributes of data items may be mapped to visual attributes such as 
color or location in 2D-or 3D-information space  

We conducted an experimental study within the domain of building industry, i.e. concretely to 
provide architects with an overview on the details of their construction projects. The study provided 
evidence that information visualizations foster knowledge acquisition and that 2D-information 
visualizations are better suited for knowledge acquisition than 3D-ones. In addition, we found a 
marginal main effect of color coding, i.e., the use of color coding slightly increased performance. 
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 In our research in Augsburg we are not primarily interested in the micro level of visualization 
processes. Instead, we want to explore what function visualization tools can fulfil within a particular 
configuration of didactical concepts and methods. From our perspective, these configurations of 
didactical concepts and methods constitute an environment for individual and social processes of 
learning and knowing. We are not working on the development of visualization tools, but we use tools 
that are currently available and combine them with other methods and media in order to analyze their 
potential for supporting learning processes.  

Our contribution to the workshop is two-fold: At the one hand we want to present a  
heuristic framework for designing e-learning environments in which we position our considerations 
about visualization tools like (electronic) concept mapping. This position characterizes our interest in 
the development of educational scenarios. The presentation of this framework is important for the 
appreciation of our research questions and methods. On the other hand we sum up the main results 
of a field study carried out in the context of a graduate-level university course over a period of three 
months during the summer of 2003. 

We introduced the electronic concept mapping tool INSPIRATION into a face-to-face-course 
setting which was accompanied by the electronic platform BSCW (Basic Support for Cooperative 
Work). Most of the course work was done in groups of about five students and focused on terms and 
concepts around the topic of “e-learning and corporate universities”. Each group received a license of 
INSPIRATION for self-organized cooperative teamwork. 

We wanted to know, if it is possible to implement an electronic visualization tool like INSPIRATION 
in a real face-to-face-course and how the participants experience such an implementation. Further, we 
were interested in the significance of instruction and exercise for using INSPIRATION in groups and in 
the learners’ appreciation of INSPIRATION as a tool for collaborative self-organized learning. We also 
wanted to know if the pattern of use and appreciation of INSPIRATION changes during the course und if 
INSPIRATION can support grounding processes as a prerequisite for collaborative learning.  

Since it was an authentic university course we had to implement our research methods without 
disturbing the ongoing learning activities. So the following methods were used: A short questionnaire 
to explore the experiences of the participating students with concept mapping, a continuous inquiry 
after each phase of group work to explore the appreciation of the concept mapping process and its 
effects, observations of the groups while applying the concept mapping tool, an analysis of the 
concept map quality along some relevant dimensions, and a final questionnaire to analyze the impact 
of concept mapping in cooperative problem solving. 

The main results show that concept mapping with INSPIRATION can support groups carrying out 
collaborative work on complex theoretical concepts. It is important to introduce learners to the effective 
use of the software tool and to sophisticated concept mapping strategies to obtain high quality concept 
maps. For further research we suggest to analyze the results of our explorative study more deeply 
through experimental work and additional field studies. Our overall aim is the development of 
educational scenarios in which concept mapping fulfils a mindful didactical function and the design of 
instructional strategies for the effective introduction to concept mapping. 
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Teaching and learning at school is changing: students are more and more expected to organize  

their learning by themselves and also to be responsible for their learning progress by themselves.  

This makes new demands on the materials and media used to teach and learn. Fixed linearity is 

blocking, flexibility a great advantage, but it should not lead to missing structure. Topic maps offer he 

chance to guide the students through huge amounts of information with a carefully measured mixture 

of freedom and guidance. Topic maps are a rather abstract idea for the average user, so a way to 

make some usable with ease has to be found. A visualisation of the relevant parts of the topic maps 

realizes this in an intuitive usable manner. This lead to the development of the LmTM-server 

http://www.LmTM.de/, an e-learning-server for students at school. The navigation is completely 

realized via topic maps. The information stored in the topic maps can be extracted in several ways,  

for a text-based navigation, a graphically navigation, alphabetical list of topics and link list in the page 

footer. The combination of all these variants gives the user a very comfortable means at hand to 

explore the information on the LmTM-server. 
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 We discuss the role of content representations in the comprehension and use of complex hypermedia 
documents. Content representations constitute a broad category of information devices ranging from 
local organizers, e.g., headings, introductions and connectors, to global representations, e.g., tables, 
outlines and concept maps. Text processing research has demonstrated that the principled use of 
local organizers can facilitate the construction of situational representations from expository texts. 
Some evidence also suggest that global representations are helpful in tasks that involve 
comprehending and using more complex texts. 

 

As regards the role of global content representations in hypermedia learning, the evidence is 
rather mixed. Some authors have advocated the use of fancy graphical representations, e.g., concept 
maps, to visualize high-level concepts and relations. Controlled experiments, however, have found 
mixed results as to how these representations affect the reader's comprehension processes. We 
present experiments indicating that the benefits of various types of content representations vary as a 
function of the reader's expertise and purpose. We offer an explanation in terms of conceptual 
activation in memory, based on behavioral and computational evidence. Research results suggest that 
any attempt to optimize the design of instructional hypermedia systems should consider both the 
reader's prior knowledge, the contents to be represented, and how the contents will be used. 
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 There are many types of visualization, with variations in both the presented data and the means of 
access.  Among other things, virtual environments (VE) afford a type of visualization that focuses on 3D spaces 
with varying degrees of user-centered control of  movement through that space.  The exact point of differentiation 
of this specific form of visualization is perhaps less important than the general goal of a compelling “immersive” 
environment. But psychologically, what makes an environment immersive is often not simply mapped to 
environment properties.  Here it is suggested that common user-centered design principles are also critical to the 
utility of VEs.  Virtual environments can take on a wide range of characteristics that may have potential utility for 
information and knowledge visualization.  However, their prospects and pitfalls hinge at least in part on a 
reconceptualization of what we mean by knowlege visualization.  Although there are many ways to characterize 
VEs, there are at least two fundamental groupings, simulacra and transformative world views.  Both can 
contribute to knowledge development and management. 

The most typical use of a VE is to simulate or to represent various aspects of the world with varying 
degrees of fidelity.  Thus, one can learn about any place or time by becoming virtually immersed in the space.  In 
this context one can focus on either environmental fidelity, the extent to which the virtual presentation captures 
the matching real-world properties or on experiential fidelity, the extent to which the virtual environment is 
compelling to an individual as capturing the task-relevant components.  The importance of these forms of fidelity 
depends on the specified learning task.  If selecting the appropriate chemicals for an experiment is what matters, 
then the environmental fidelity can be low, since experiential fidelity is only with respect to distinguishing the 
appropriate chemical perhaps by a label.  If, however, the task is to be able to distinguish chemicals say by minor 
color variation, then experiential fidelity depends heavily on environmental fidelity.  Properties of a simulated world 
can capture significant amounts of information; using the physical properties of that world or restructuring them 
can support a range of knowledge-based tasks.   This is most evident in scientific visualization, but by analogy 
can apply to non-science domains. 

VEs can also be “magical” or transformative, by violating or modifying properties of the world.  One way 
to do this is to use existing structures for new information.  For example, we used a globe as a structure on which 
to map concept-groupings of retrieved articles.  The utility of that virtual space depended on the task-relevance of 
the dimension and the experience of the user.  In another context, we used transparent walls to provide 
individuals with a form of x-ray vision of a building.  Visualizing the space in this modified way, enhanced users’ 
survey knowledge of the space.  However, here too, there can be costs, depending on the intended use of the 
knowledge.  For example, formation of specific route knowledge may be inhibited by the same transparency tools 
that enhance survey knowledge. 

Virtual environments extend common prospects and constraints of visualization technologies.  The 
principles of user-centered design remain critical.  User experience, user-ability,  and task-relevance provide core 
criteria in realizing effective visualizations.  At the same time VEs suggest how some forms of knowledge 
visualization might emphasize procedural knowledge and/or cognitive strategies more than factual knowledge. 
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In Mobile Information Visualization one of the big issues is the problem of small and a 
multitude of different screen sizes. In spite of diverse screen concepts like roll up displays, or digital 
paper it is most likely that we will still have to battle with limited screen spaces of handheld computers 
for quite a while. Also the related issue of constantly having to adapt the view to different screen sizes 
places us in front of a complex problem.  

A common table view on a Pocket PC or PDA allows us to only look at 10-20 objects at a time 
without scrolling, allowing to sort and compare according to one single criterion. An interactive 2D 
scatter plot approach would allow much larger amounts of information to be visualized, and is 
simultaneously sortable based on two criteria. In addition to this comparison according to a multitude 
of criteria is possible at the same time (according to mapping and expressivity of the visual 
parameters: size, opacity, colour value, shape, orientation,... or time animation of all these parameters 
which results in visual representations like motion, growing/shrinking, pulsing, rotation, shape 
morphing,...) 

One disadvantage of a 2D scatter plot approach however is the possibility of the information 
objects to overlap to some extent hindering readability and perceptibility of the information or even 
making it impossible at the worst.  

This paper describes a user interface concept, which facilitates browsing of comparably large 
amounts of information on small screens. The viewing concept is based on a visually optimized star 
field display (Ahlberg & Shneiderman 1994) and is introducing new concepts like liquid browsing (an 
expansion lens with pressure controlled magnetic force simulation), selection based filtering and 
representation manipulation, multi-motion behaviour tagging and continuous state animation All this 
creates a very versatile information space with a liquid-like look and feel which can be used in a very 
intuitive way, providing all the advantages of a mature interactive scatter plot and can easily be scaled 
to different screen sizes without any adjustment efforts. 

This paper focuses on visual design and interaction details and emphasizes the importance of 
the visual interactive quality for mobile information visualization. 
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 There is no visual model of the world in our heads. Over the past few years the phenomena of 
change blindness and inattentional blindness as well as studies of the capacity of visual working 
memory all point to the fact that we do not retain much about the world from one fixation to the next.    
The impression we have of a detailed visual environment comes from our ability to make rapid eye 
movements and sample the environment at will. 

What we see at any given instant in time is determined by what we are trying to accomplish.   
If we need to find a path through a crowd we see the openings.  If we are trying to find a friend we see 
the faces.  We can think of this process of seeing as the execution of a continuous stream of visual 
queries on the environment.  Depending on the task at hand the brain constructs a visual query and 
we execute a visual search to satisfy that query. 

This paper presents an overview of how we think visually with interactive displays. The 
process can be though of as constructing and executing queries on displays. The key features of the 
model are: 

1. Problem components are formulated into questions (or hypotheses) that can be answered (or 
tested) by means of pattern discovery.  These are formulated into visual queries. 

2. Visual eye-movement scanning strategies are used to search the display. 

3. Within each fixation, active attention determines which patterns are pulled from visual cortex 
subsystems that do pattern analysis. 

a. Patterns and objects are formed as transitory object files from a proto-pattern space.  
These are tested against the visual query pattern at a rate of 40 msec/item. 

b. Only a small number of objects or pattern components are retained from one fixation to 
the next.  These object files also provide links to verbal propositional information in verbal 
working memory. 

c. A small number of cognitive markers are placed in a spatial map of the problem space to 
hold partial solutions where necessary.  Fixation and deeper processing is necessary for 
these markers to be constructed. 

4.  Links to verbal/logical complex information are activated by icons or familiar patterns, bringing 
other kinds of information into verbal working memory. 

 

The purpose of the theory is to provide guidelines for the design of visualization interfaces; it is 
elaborated with from practical visualization problems. 
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