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Summary

Despite the growth of the visual analytics (VA) field, there has been limited systematic testing and
evaluation to determine the effectiveness of VA solutions for improving knowledge discovery and
decision making. The VA community acknowledges the need for a more scientific foundation to guide
research on and evaluation of VA tools. A practical methodology and framework will not only inform the
design of VA systems but also facilitate establishment of metrics to evaluate their effectiveness. This
report describes the findings of a research project with the following scientific and operational objectives
in support of the VA community: (a) Enhance understanding of the role of VA in knowledge discovery
and insight; (b) Identify more rigorous scientific methods to evaluate effectiveness of VA tools; and
(c) Inform design of deployable VA solutions based on this theoretical foundation.

U.S. Department of Homeland Security end users do not merely want more displays and tools; they
need operational/deployable solutions that enhance information processing and decision making. There is
also a need for user testing methodologies and metrics to assess performance effectiveness of VA tools in
operationally relevant contexts. To this end, the present research examined scientific literature in
cognitive science, human factors, and related fields to identify concepts and research results that inform
the application of VA technologies to meet operational challenges. By updating previous taxonomies for
VA approaches and applications, we hope to provide a more comprehensive framework and benchmarks
for this expanding field.

In this report, we provide an overview of scientific/technical literature on information visualization
and VA. Topics discussed include an update and overview of the extensive literature search conducted
for this study, the nature and purpose of the field, major research thrusts, and scientific foundations. We
review methodologies for evaluating and measuring the impact of VA technologies as well as taxonomies
that have been proposed for various purposes to support the VA community. A cognitive science
perspective underlies each of these discussions.

The following conclusions and recommendations are provided for advancing the VA field and for
continuing and expanding this research program in cognitive foundations for VA.

Recommendations for future research:

e More research is needed on sensemaking/problem solving and the analytic process to help align
visualization technologies and representation techniques to user’s mental models and thought
processes.

e Research is required to advance the science and engineering practices of VA tool evaluation.

e Research is needed to develop more effective means of communicating the results of analyses to
stakeholders (intuitive and natural ways of conveying findings as well as providing rationale and
background information supporting the decisions and recommendations).

e A more directed application of cognitive theories and results of empirical research on critical decision
making and problem solving are needed to inform VA system design, development, and evaluation.

e Research is required to enhance methods for evaluating the effectiveness of VA tools. Evaluations
are needed to determine if goals and requirements of a program or tool have been satisfied.
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e Researchers in the VA field have concluded that future research should always include evaluation
studies and should seek to provide a scientific basis for their conclusions that transcends assessment
of individual tools (moving beyond “point solutions™).

o Further analysis is required to define requirements for the establishment of a test bed to support
evaluation of VA tools.

o Stakeholders and thought leaders from the research community and end-user communities need to
determine ways to foster more frequent and meaningful interactions and knowledge exchanges to
provide an atmosphere and even formal processes that ensure the acceptance of VA tools by user
communities. Two means of facilitating such exchanges are recommended:

— Conduct joint workshops involving researchers, practitioners, and operational users to survey the
state of practice of VA tool development and identify operational needs and requirements that
informs and provides directions for research.

— Establish an interactive forum at the VA Community Site to facilitate discussion and exchange
of ideas.

This report represents an initial step toward meeting these research recommendations. In addition, we
have established a Cognitive Foundations Forum at the VA Community Site,
http://www.vacommunity.org, to facilitate interactions among the VA community to help advance
research and deployment of successful products. We hope that this will lead the way toward increased
information exchange between cognitive scientists and computer/information scientists engaged in
visualization research and facilitate collaboration among the research community and stakeholders and
users.

Appendix A of this report contains an exhaustive list of citations and available abstracts from most of
the over 1700 research papers uncovered in the literature review.
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1.0 Introduction

Despite the growth of the visual analytics (VA) field, there has been limited systematic testing and
evaluation to determine the effectiveness of VA solutions for improving knowledge discovery and
decision making. Without a coherent, generalized theoretical framework, studies are unable to draw
generalized conclusions; employment of visualizations tends to be based on ad hoc considerations or
unduly influenced by aesthetics instead of a more balanced performance-based assessment. The VA
community acknowledges the need for a more scientific foundation to guide research on and evaluation of
VA tools (Liu, Nersessian and Stasko, 2008; Liu and Stasko, 2010). A practical methodology and
framework will not only inform the design of VA systems but also facilitate establishment of metrics to
evaluate their effectiveness.

1.1 Objective

This research project supports the VA community by pursuing the following scientific and
operational objectives:

e Enhance understanding of the role of VA in knowledge discovery and insight
o Identify more rigorous scientific methods to evaluate effectiveness of VA tools

o Inform design of deployable VA solutions based on this theoretical foundation.

U.S. Department of Homeland Security end users do not merely want more displays and tools; they
need operational/deployable solutions that enhance information processing and decision making
performance. There is also a need for user testing methodologies and metrics to assess performance
effectiveness of VA tools in operationally relevant contexts.

1.2 Approach

This research is examining scientific literature in cognitive science, human factors, and related fields
to identify concepts and research results that inform the application of VA technologies to meet
operational challenges. To provide a structure for the analysis, we are categorizing VA research to reveal
where different cognitive science concepts and empirical results inform VA design and analysis. By
updating previous taxonomies for VA approaches and applications, we hope to provide a more
comprehensive framework and benchmarks for this expanding field. More specifically, as shown in
Figure 1.1, the focus of the research is on: Scientific Foundations for visualization technology in
problem solving, decision making, and insight research; Visualization Taxonomy to structure the
research; and Experiment Designs and Scenarios for evaluating effects of visualization on decision
making and insight. Follow-on research will define requirements for the establishment of a test bed
laboratory for empirical research and validation of visualization tools.
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Figure 1.1. Approach

1.3 Organization of This Report

Section 2 of this report provides an overview of scientific/technical literature on information
visualization and VA. Topics discussed include an update and overview of the extensive literature search
conducted for this study, the nature and purpose of the field, major research thrusts, and scientific
foundations. Section 3 reviews methodologies applied to evaluating and measuring the impact of VA
technologies. Section 4 reviews selected literature that has attempted to produce taxonomies for various
purposes to support the VA community. A cognitive science perspective underlies each of these
discussions. Section 5 presents conclusions and recommendations for advancing the VA field and for
continuing and expanding this research program in cognitive foundations for VA. References cited in the
report are listed in Section 6. Following the report proper, Appendix A contains an exhaustive list of
citations and available abstracts from most of the over 1700 research papers uncovered in the literature
review.
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2.0 Research Literature Overview

2.1 2.1 Literature Search Criteria

We conducted an extensive literature search to update our understanding of the VA field from
multiple perspectives. The focus of the review was to inform research and evaluation of VA technologies
and products. A more complete description of search criteria and results is provided in Appendix A.'

Multiple searches were conducted in commercially available databases covering the broad areas of
computer science, psychology, cognitive science, and human factors. No restrictions were placed on
publication date or language of publication. The database queries identified over 1,900 citations. In
addition, several large datasets were collected from VisWeek 2010 and National Visualization and
Analytics Center archives. After removing redundancies and documents that were not research-oriented,
the collection contains over 1700 research citations.

2.2 Literature Review

The study of scientific discovery has long been criticized by philosophers as irrelevant to analyzing
the growth of scientific knowledge. In particular, little is known about how cognitive theories are
discovered. Furthermore, neither the classical accounts of discovery as probabilistic induction nor the
stock anecdotes about sudden “eureka” moments serve to deepen our insight into discovery (Gigerenzer,
1991). The ancient Greeks likened insight to a gift from the Muses, something that was believed to
originate from the divine and/or the unconscious. The term insight is used to describe the “clear and
sudden understanding of how to solve a problem” and is “thought to arise when a solver breaks free of
unwarranted assumptions, or forms novel, task-related connections between existing concepts or skills”
(Bowden, et al., 2005). It is natural then that the essence of insight has been deemed unpredictable and
unexplainable through scientific measurement (Shanker, 1995). It has proven difficult to determine
precisely the mechanisms underlying insight, primarily due to the limitations on insight research. This
“problem” surrounding insight has been one of the leading conundrums in artificial intelligence,
information visualization, and VA research.

At the core of this fundamental problem is the assumption that problem solving is a cognitive activity,
and that the eureka moment, or moment of illumination, is caused by an unbroken chain of unconscious
processes; i.e., it is processed in the background. This process of creative thinking is the starting point for
Newell and Simon’s (1961, 1963) theory of General Problem Solving, a theory designed to explain the
nature of unconscious processes, the imagery employed in creative thinking and its significance to the
thinking, and the phenomenon of “illumination,” the flash of insight that reveals the solution of a problem
being pursued. This theory is debated quite extensively by Shanker (1995) and will not be recapitulated
here. In closing, Shanker observes that “what progress has been made in the psychology of creativity is
largely the result of the increased attention that has been paid to the development of a repertoire of
cognitive skills” (Shanker, 1995, p. 579) and he asserts that the greatest advances in our understanding of
creative problem-solving have come from real-life and biographical studies (i.e.,

' Appendix A provides an alphabetic listing of the literature citations along with published abstracts, where
available. Other, more usable forms of the repository, such as an organized list based on key words, will be made
available.
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naturalistic/observational research as opposed to laboratory experiments and computational simulations).
This argument has been reflected more recently in several papers advocating increased use of long-term
case studies in VA research (e.g., Saraiya, North, and Duca, 2004; Shneiderman and Plaisant, 2006; Perer
and Shneiderman, 2008; see also the discussion in Section 3.3).

Insight continues to be a core concept for many researchers in the field of visualization. Pike et al.
(2009, p. 263) put it best: “A central precept of visual analytics is that the development of human insight
is aided by interaction with a visual interface. As visual analytics is concerned with the relationship
between visual displays and human cognition, merely developing novel visual metaphors is rarely
sufficient to trigger this insight (where insight may be a new discovery or confirmation or negation of a
prior belief). These visual displays must be embedded in an interactive framework that scaffolds the
human knowledge construction process with the right tools and methods to support the accumulation of
evidence and observations into theories and beliefs.”

Visualization research has commonly focused on representing human mental processes (Zhu and
Chen, 2005). This concept is now associated with the amplification of these mental processes and offers
a link between the human eye and the computer to enable pattern recognition and to create insights from
large quantities of data. According to Tufte (2006), science and art have “intense seeing” in common. He
describes this union of data and its subsequent visualization as the “wide-eyed observing that generates
empirical information.” Empirical observations support explanations and presentations of evidence.
Identification of patterns and analysis of data are important ingredients of scientific discovery as well as
information analysis processes in identifying clues to help solve a crime, predicting terrorist threats, or
forecasting the stock market. All of these activities have the potential to involve overwhelming and
disparate quantities of data, whose value can be reduced because of the efforts involved in analysis and
data exploration (Thomas and Cook, 2005). The frustration experienced by the end user can be alleviated
with the use of visualization tools. Visualization strives to facilitate the analytical reasoning process by
creating software that maximizes the human capacity to perceive, understand, and reason about complex,
abstract, and dynamic data and situations (Thomas and Cook, 2005). The ultimate goal is to support
rapid, high-quality decision-making to solve practical problems.

At a very high level, visualization can be classified based on application focus, as shown in
Figure 2.1. These categories usually include scientific collaboration, software visualization, or
information visualization (Zhu and Chen, 2005). The categories are not mutually exclusive and have
fuzzy boundaries. Scientific visualization helps scientists and engineers more efficiently understand
physical phenomena embedded in large volumes of data. The visualizations are typically 3-D renderings
of volume, surface, etc. and may in addition contain a time component. Software visualization helps
people understand and use computer software effectively (Stasko, et. al., 1998), while information
visualization helps users identify patterns, correlations, or clusters of structured or unstructured data.
Additionally, VA marries techniques from information visualization with techniques from computational
transformation and data analysis (Thomas and Cook, 2005).
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Figure 2.1. At a High Level, Visualization Can be Classified Based on Application Focus

Previous studies have constructed various taxonomies to categorize visualization research from a

multitude of perspectives, many of which are discussed later in this report. Based on the type of problems

addressed and/or objectives of the analysis, the visualization field may be further divided by problem
type, such as visualizations to communicate an idea, support information retrieval, system monitoring,
training, facilitate knowledge discovery, or enhance decision making (see Figure 2.2).

Problem Type

| | 1 | |
Communicate Information McF),nltorlng Traini Knowledge Decision
an Idea Retrieval oL el di /Insigh Making/Problem
Control iscovery/Insight

Solving/Sensemaking

Figure 2.2. Classification of VA Field by Problem Type

Based on the features of VA techniques to meet these various objectives, VA solutions may be
categorized according to visualization type on the basis of factors such as data types (including
geographic information systems, multidimensional tables, nodes and links); information representation
(1-D, 2-D, 3-D, temporal); user-interface interaction (zoom, filter, relate); and information analysis
(index, extract, analyze); this classification is roughly conveyed in Figure 2.3.
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Figure 2.3. Classification of VA Solutions by Visualization Type

Because the development of a visualization system usually integrates several techniques, it is
extremely helpful to provide a framework of visualization technologies based on their functionalities,
analyst tasks, data types, and more. This same framework can be used to catalog and evaluate tools and
to help with tool selection based on the tool’s applicability to domain-specific tasks and/or activities.
Indeed, information visualization can be applied to practically any domain where users need to extract
insights from a vast amount of information including digital libraries and information repositories, patent
analysis, and financial and market analysis. However, to maximize the utility of information visualization
tools, evaluation metrics must consider the goals of such analysis. If indeed the goal is “to build
knowledge, generate insight, and perform analysis” (Pike, et al., 2009), the discipline as a whole has
fallen short when it comes to self-evaluation.

There are many types of visualization tools created for a variety of purposes.” Due to the proliferation
of tools available today, it is unfeasible and unwieldy to “try out” multiple tools to realize performance
and suitability for a given task or activity. A clear need for the visualization field is support for choosing
the right tool for a specific task, with the aim of enhancing decision making and reducing information
overload. One type of support framework for selecting an appropriate VA tool is the use of taxonomies
that organize tools using a standard set of criteria, allowing the end user to drill down into the taxonomy
and choose important features or desired outcomes. Several proposed taxonomies for classifying
visualization tools are discussed in Section 4 of this report.

* Because the focus of our study is on information analysis and knowledge discovery/problem solving, we shall not
cover the interesting and popular topic of graphics design and use of graphical representation techniques for
communicating concepts through data visualization. The IBM Many Eyes web site provides an interactive way to
explore visualization techniques for information representation
[http://services.alphaworks.ibm.com/manyeyes/home].
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Figure 2.4. Evaluation Approaches

In addition to taxonomy, empirical evaluation is another technique in selecting a visualization tool.
Many evaluation approaches employ controlled studies to validate the performance of visualization
systems and designs. It is important to recognize that the entire evaluation process needs to be
considered—from hypothesis forming to the presentation/communication of the results. However,
because of the complexity of real-life system interface tasks, the validity of such studies and the
applicability of research conclusions are sometimes questioned by practitioners. For example, low-level
tasks such as spotting trends, clusters, and outliers are relatively easy to validate, whereas more complex
tasks do not lend themselves well to standard lab experiments and validation. These complex, realistic,
task-driven analyses are conducted frequently in visualization research and may take days or months to
complete. A range of evaluation methods exist and include quantitative methods, qualitative methods,
mixed method approaches, usability studies, and informal evaluation techniques (the classes not being
mutually distinct) (Keim, et al., 2010). Accuracy of operation results and time to completion are
two commonly used measures. For example, depending on the chosen method, one can examine very
specific questions in a controlled laboratory environment in which a testable hypothesis can be formulated
and which leads to conclusions with high confidence. Another type of evaluation looks at broader
questions using qualitative methods with a focus on data acquisition through observation and
interviewing. Mixed-method techniques combine aspects from both qualitative and quantitative
evaluation. Usability evaluation is one such example that deals specifically with the ease of use of
interactive tools. Finally, heuristic evaluations involve fewer people who give feedback on a visualization
or the system used to create them, providing anecdotal evidence for its usefulness or effectiveness.
Evaluation strives to be generalizable, precise, and realistic. As common principles, best practices, and
theories are developed, they can be applied to visualization and problem-solving tools to validate
performance. Figure 2.4 illustrates the range of evaluation approaches and identifies some associate
performance measures. Evaluation approaches are described more fully in Section 3 of this report.

Many evaluation studies for VA tools are focused on specific functionalities that the visualization
system aims to provide—we refer to these as transactions between the user and the system—and these
studies do not necessarily consider the cognitive processes underlying these transactions that reflect
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problem solving and related mental processes (e.g., productive processes, Katona, 1940; Wertheimer,
1945/1959; Mayer,1996) that have historically been identified with knowledge discovery, complex
decision making, and insight. A comprehensive, overarching taxonomy identifying not only tool traits
but also design factors, cognitive foundations, and evaluation metrics can provide significant guidance in
the design, selection, and utility of visualization tools and interfaces.

There are, of course, other factors to consider in developing, evaluating, or selecting VA tools.
Two recent publications (Green & Fisher, 2010; Green, et al., 2010) argue that the personality of the
analyst has a direct impact on the efficacy of visualization and that personality factors influence the
ability of an individual to carry-out a task, the individual’s approach to solving a problem, and the
conclusions that are drawn. Green and colleagues posit that behaviors such as identify-and-find (tasks
that are more transactional, using our terminology) use a different combination of “tools in the cognitive
toolbox” than do more cognitively complex, iterative reasoning behaviors that come into play during
inferential tasks. If these differences are known, interaction performance can be predicted and used to
develop design requirements and real-time interface interaction.

With the above overview of the VA field, we have attempted to provide both a historical perspective
and a discussion of current thinking and research directions.” A general message from this discussion is
that advancement of the VA field will be facilitated by devoting more attention to cognitive foundations
that will inform future research and evaluation approaches. Another observation is the conviction that
successful deployment of VA technologies will require increased attention to practical considerations in
facilitating selection of tools to match operational needs. The next section is devoted to further
considerations of cognitive science foundations, and the remainder of the report addresses research
directions and taxonomies for practical application and exploitation of VA technologies by the
operational community.

2.3 Cognitive Foundations

As we have described, VA research seeks to enhance decision making, knowledge discovery, and
insight in complex operational environments. With the expanding VA field, there is a need for a coherent
theoretical framework to guide development of tools and evaluation of their effectiveness. An effective
theoretical framework should build upon previous research in human factors including user interface
design, information architecture, perceptual psychology, cognitive theory, and naturalistic decision
making, as well as research and practice in fields of graphics design, communication theory, and
statistics—with a goal of producing a coherent integrated framework. Cognitive theory suggests that the
impact of VA on decision making is a function of the extent to which VA solutions enhance situation
awareness (SA) and, by implication, facilitate or support optimal representations of the problem that
contribute to correct decisions and increased understanding. In this view, the effectiveness of VA tools
largely depends upon the consistency between the external representation they provide and the internal
representations used by expert decision makers (see Figure 2.5). Internal representations and problem-
solving strategies may be characterized using mental models. Mental models are well-defined, highly
organized, and dynamic knowledge structures that are developed over time from experience. Appropriate
and effective mental models help to integrate the large amount of information that is inherent in complex

3 Please refer to the Appendix for a much broader collection of relevant research papers.
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operational environments; they enable experienced decision makers to correctly assess and interpret the
current situation and to select an appropriate action.
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Figure 2.5. Effectiveness of VA Tools Depends on Their Ability to Convey Optimal Representations
(Mental Models) of the Problem

2.31 Situation Awareness Theories and Models

Defining exactly what constitutes SA has been a challenging task because of the complexity in
characterizing the construct in terms of a set of psychological processes. As Banbury and Tremblay
(2004) have observed, “...the major impetus of research [on SA] has been on the development of
techniques to measure SA, at the expense of a more rigorous understanding of why SA varies under
certain psychological and environmental conditions.” (p. xiv).

Micah Endsley (1988, 1995; Endsley et al. 2004) has provided the most highly recognized descriptive
model of SA. She presents the model in two parts: a core SA model and a set of factors affecting SA.
The core SA model, which is the basis for much of the current thinking about SA, is a three level system:

e Level 1, Perception of the elements in the environment
e Level 2, Comprehension of the current situation
e Level 3, Projection of future states.

As shown in Figure 2.6, The Perception level is the first step in achieving SA. In cognitive terms,
this level involves interaction with long-term memory (comparing the information elements with what is
already known); it is under attentional selection (modulated by the operator’s selective attention processes
as determined by task requirements); and the information content is held in active working memory. The

Comprehension level provides an organized picture of the elements with a comprehension of the
significance of objects and events. In cognitive terms, mental models stored in long-term memory
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provide a basis for Level 2 SA. The Projection level enables predictions about the states of the
environment in the near future. This is achieved through knowledge of the status and dynamics of the
elements and comprehension of the situation. In this view of SA, stimuli (information elements) are
processed to yield meaning. It follows that a common “solution” to human information processing
limitations is to design methods to facilitate processing of more information through limited processing
channels.
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Figure 2.6. Situation Awareness According to Endsley*

An alternative view of SA as sensemaking is that it is not about providing more information (more
data, more elements) but rather about providing priorities and clarity about preferences to help the
decision maker understand what matters (Weick, 1995, p. 27). As Dekker and Lutzhoft (2004) argue,
“SA is in part about constructing a plausible story of the process by which an outcome came about, and
the reconstruction of immediate empirical history plays a dominant role in this. Few theories of SA
acknowledge this, however, instead directing their attention to the creation of meaning from elements and
the future projection of that meaning” (p. 29). Thus, in studying SA, rather than examining the (lack of)
correspondence between actual and experienced worlds (a retrospective exercise), one should examine the
decision makers’ “unfolding experience of the situation in which they found themselves” (Dekker and
Lutzhoft, 2004).

The traditional view of SA compels the investigator into a refrospective mode, to identify what the
decision makers failed to notice, what they did not know, or what they should or should not have done.
But from the point of view of the decision maker in the situation, such deficiencies do not exist—they
may only be artifacts of retrospective hindsight. In the view of situated, or ecological, decision making,
the focus of the investigation of SA is to understand why the decision makers experienced the situation
the way they did or why what they saw made sense to them at the time.

2.3.2 Cognitive/Sensemaking Perspective

This cognitive/ecological approach to SA is a refreshing and potentially enlightening framework
within which to study SA and explore more effective solutions to information visualization. Sensemaking
is viewed as a cognitive process allowing individuals to interpret information in context so as to derive
knowledge to initiate specific actions (Weick, 1995). Sensemaking is also referred to as knowledge
construction that occurs at the individual as well as group level. Thus, sensemaking is both an individual
and group cognitive process.

* This graphic taken from presentation by Greitzer et al. (2008) at I[EEE Power & Energy Society Annual Meeting.
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A sensemaking perspective leads us to ask different questions and to focus on understanding
underlying cognitive processes of sensemaking—transactions between goals, observations, and actions—
rather than on more superficial questions about the extent to which certain human information processing
limitations, display characteristics or visualization concepts might contribute to maintaining or losing SA.
Consider, for example, the frequently cited human limitation described as Miller’s (1956) magical
number seven, plus or minus two: Miller’s insightful observation that humans have a limited capacity in
the number of items or “chunks” of information they can maintain in working memory tends to be
interpreted as a hard limitation (information processing bottleneck). This factor is clearly situation-
dependent, and research has shown that experts have the ability to reduce complex stimuli into coherent
chunks so that the 7+2 constraint is rarely a limit on expert performance in natural environments.

Sensemaking can be applied to information visualization and/or to data mining activities with the
intent to reduce complexity and to simplify the volume of data collected in order to create understanding.
Ntuen, et al. (2010) summarize three major characteristics of sensemaking as: (1) an aspect of
information foraging, which assumes that people modify strategies or the structure of their environment in
order to maximize their rate of gaining valuable information; (2) as an information fusion tool, which can
be viewed as a thinking process using new information to explain surprise and use new information to
update prospective, predictive states of a situation; and (3) support for situation understanding in which a
stimulus is placed into a framework to understand, explain, attribute, extrapolate, and predict, a process
that leads to situation understanding. All three of these characteristics help to distinguish sensemaking
from decision making. Decision making deals with making a choice from a given set of multiple
alternatives. On the other hand, sensemaking deals with seeking, collating, and interpreting information
to support decision making (Ntuen, et al., 2010). Visualization can serve to amplify (e.g., elaborate and
strengthen) or to attenuate (weaken) cognitive ability. Visualization can thereby assist in a sensemaking
task by providing some form of SA to enable the knowledge discovery process.

Flach, Mulder, and van Paasen (2004) observe that poor SA refers to the inability to see what matters.
In this context, poor SA reflects the lack of a basis for decomposing complex data or information into
coherent chunks. As they suggest, a useful model of SA should suggest how skilled decision makers
might chunk information so they can navigate smoothly through the problem space, and it should suggest
where they might make poor judgments and interpretations or how a novice’s understanding of a situation
would differ from that of an expert. It can be seen that this view of SA applies equally to VA. An
implication is that mental models should be a key focus of study in developing a theoretical foundation
for VA. Indeed, a prerequisite for SA is an accurate mental model (Sarter & Woods, 1991).

Unfortunately, definitions and ideas about mental models vary widely, and some have argued that
different uses of the term across varying disciplines have contributed to a decline in applying the concept
to theoretical approaches in human-computer interaction research (Payne, 2003). Nevertheless, recent
interest in mental models has brought a new appreciation for their potential contribution to VA research
(Liu and Stasko, 2010).

2.3.3 Mental Models

A mental model is an internal representation of an external reality based on a person’s perspective.
This interpretation of mental models traces back to the Scottish psychologist Kenneth Craik (1943), who
introduced the concept as a “small scale model of reality” that helps humans to reason and to anticipate

2.9



events. Four decades later, Johnson-Laird’s (1983) influential work provided a cognitive framework and
theoretical base that describes mental models as psychological representations of real, hypothetical, or
imaginary situations along with the relations among such entities. Norman (1983) extended the definition
to focus on users’ conceptions of how a system works.

Mental models can be constructed from perception, imagination and knowledge, or the
comprehension of discourse. Gentner and Stevens (1983) emphasize that our views of the world, of
ourselves, of our own capabilities, and of the tasks that we perform depend heavily on the
conceptualizations that we bring to the task. In an interpretation that reflects the definitions of Craik,
Johnson-Laird, and Norman, Senge (1990) describes mental models as deeply held internal images of
how the world works. Senge observes that these images limit us to familiar ways of thinking and acting,
and very often, we are not consciously aware of our mental models or their effects on our behavior.

Mental models have been described as well-defined, highly organized, and dynamic knowledge
structures that are developed over time from experience (e.g., Kozlowski 1998). As representations of
organized “chunks” of information in the environment, mental models serve to reduce the information
load that would otherwise overwhelm the ability of novice decision makers to attend, process, and
integrate the large amount of information that is inherent in complex operational environments. Thus,
appropriate and effective mental models enable experienced decision makers to correctly assess and
interpret the current situation (Level 1 and Level 2 SA) as well as to select an appropriate action based on
patterns (mental models) stored in their long-term memory (Serfaty, MacMillan, Entin, & Entin, 1997).
Cues in the environment (including visualizations) activate these mental models, which in turn guide the
decision-making process. Cognitive psychology research suggests that people who use visualizations
have internal representations of the very visualizations they use (Larkin and Simon, 1987; Trafton et al.,
2005), Because of cognitive limitations, including limits of working memory, use of visualizations
supports decision making by providing an external “store” or what is referred to as external cognition—
i.e., external visualizations can augment internal mental models. Consistent with the external cognition
approach (Card, Mackinlay, and Shneiderman, 1999), this line of research has led researchers to design
for elaborate visualizations. Liu and Stasko (2010) advise that approaches to design and development that
focus only on external cognition (visualization) or only on internal cognition (mental models) tend to
marginalize interaction (Yi et al., 2007). Thus, Liu and Stasko (2010) call for a unifying framework that
integrates and articulates relationships among mental models, external visualizations, and interaction in
the reasoning process. They advocate that the reasoning process can be explained in terms of the
construction and simulation of mental models.

Thus, Liu and Stasko provide a definition of mental models for VA research that is largely concerned
with using visualization in supporting sensemaking and reasoning:

A mental model is a functional analogue representation to an external interactive visualization system
with the following characteristics:

o The structural and behavioral properties of external systems are preserved in mental models.

¢ A mental model can preserve schematic, semantic or item specific information about the underlying
data.

¢ Given a problem, a mental model of an interactive visualization can be constructed and simulated in
working memory for reasoning (Liu and Stasko, 2010, p. 1001).
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This definition emphasizes interactive aspects of information visualization. Most VA research that
addresses interaction focuses on interaction techniques—actions initiated by users and features built into
the visualization (e.g., Tweedie, 1997; Yi et al., 2007). Generally speaking, interaction techniques
involve the user’s physical motor actions and result in a change in the state of visualization (Liu and
Stasko, 2010). A focus on surface-level interaction techniques (transactions between the user and the
system, as we have called them) fails to capture the diversity of human actions in interacting with
visualizations (Liu and Stasko, 2010) and the underlying cognitive activities in knowledge discovery and
problem solving.

This new or updated perspective places a healthy emphasis on mental models, mental simulation, and
model-based reasoning as a basis for a cognitive approach to VA research. This perspective leads us to
ask different types of questions in conducting research in support of design, development, and evaluation
of VA tools. In addition to addressing questions about transactional interaction techniques, we must seek
to understand the mental models and mental simulations used in solving problems and the match between
these internal representations and external ones. Liu and Stasko (2010) ask: “What specific simulative
operations do people usually perform in their mental models? If we can specify and categorize examples
of simulative transformations of InfoVis, such a taxonomy may serve as a basis for interaction design.”

In summary, a cognitive approach to VA research produces a framework that acknowledges the role
of sensemaking in information analysis/complex problem solving that leads to the study of mechanisms
for mental models and mental simulations as a basis for understanding the role and effectiveness of
visualizations and evaluating VA tool effectiveness. It is within this context and theoretical perspective
that we have endeavored to review theories and experiments in VA to illuminate issues and gaps in this
area of research.
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3.0 Methodologies and Metrics for Evaluation

In a review of 132 papers in the 2005-2007 IEEE Information Visualization Conferences and the
2006 and 2007 IEEE Symposium on Visual Analytics Science and Technology, Perer and Shneiderman
(2009) found that only 39 papers had any type of user evaluation, and those that did tested users with no
more than two hours of tool usage. Thus, the dominant approach has been to not perform user testing,
and if such testing is used, then typically only novices serve as participants. Given a handful of calls and
challenges over the last five years for the information visualization research community to adopt more
effective and relevant evaluation strategies (e.g., Plaisant, 2004; Scholz, 2006; North, 2006; Perer and
Shneiderman, 2008, 2009), perhaps this will change.

Our review of evaluation methods employed for VA technologies reveals the following dominant
approaches (not counting the absence of evaluations, which is most frequent):

e Observations and interviews

Questionnaires and discussion groups

Heuristic evaluations

Longitudinal/case studies

Controlled experiments/performance testing.

Some studies use more than one of these methods in combination. There is some debate as to the best
situations in which to make use of certain methods over others. Development of evaluation metrics
generally yields measures that are particularly suited to the evaluation method employed. A useful
overview of evaluation methods may be found in an article by Holzinger (2005), aimed at the human-
computer interaction community. Excellent reviews of evaluation methods and challenges for the VA
field are provided by Shneiderman and Plaisant (2006) and Carpendale (2008). Carpendale’s review
describes varied methods and techniques, challenges and limitations, including discussion of qualitative
and quantitative methods and concepts/risks to internal and external validity. Saraiya, North, Lam, and
Duca (2006) provide a brief, but informative, review of VA tool evaluation methods.

3.1 Observations and Interviews

Observations and interviews are used most frequently. Perer and Shneiderman (2008, 2009)
recognized limitations of controlled experiments for VA tool evaluation and described an evaluation
methodology that includes longitudinal observation methods and in-depth interviews. Other notable
observational studies include case studies conducted by Pirolli and Card (2005) and Chin, Kuchar, and
Wolf (2009). Research exemplified by these studies typically focuses on gaining an understanding of the
analytic process and/or examining the use of a proposed tool by experts, and the work tends not to involve
comparison of two different tools or a single tool with current practice. A major contribution of these
types of studies is to inform the design of future VA tools. A successful cognitive-based approach
involving interviews that has been applied in this research is Cognitive Task Analysis (Gordon and Gill,
1997; Chipman, Schraagen, and Shalin, 2000).
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Interview-based methods have some possible risks in obtaining accurate information: as we noted
earlier, frequently experts/users are not aware of (or they may not easily articulate) details about their
knowledge discovery process and the strategies or methods that they employed—Ericsson and Simon
(1993) demonstrated that retrospective verbalization about a task after it is completed is prone to
forgetting and fabrication.” A recent study by Lipford, Stukes, Dou, Hawkins, and Chang (2010)
examined memories that intelligence analysts in the finance industry have about their strategies and
methods, concluding that while their study participants exhibited good memory of the findings of their
analyses, their memories about the strategy and methods employed were flawed. For example, they
tended to overlook unfruitful steps that led to dead ends, they had difficulty remembering how their
analytic processes evolved, and some even reported inaccurately on their processes during the analysis
session. The researchers concluded that even if users were asked to document their reasoning along the
way, they still might have difficulty creating an accurate record. An implication is that because both real-
time and retrospective interviews of analysts may produce inaccurate characterizations of the analytic
process, methods that employ user annotation or interviews should be augmented by other means of
collecting information on the methods and steps that comprise the analysis process (e.g., logging of user
transactions and interactions with a system and its visualizations).

Several metrics have been proposed for these qualitative evaluations. From their experience with
observing the use of a visualization tool in a large corporate environment, Sedlmair et al. (2010) report on
several recommendations to the practice of such a study. These recommendations cover all aspects of a
study including its design, participant management, data collection, and the handling of results. In this
case, observations were made during the course of their long-term study by researchers working with
participating users. While not explicitly discussing them, Andrews (2006) covers observations in his
discussion of testing methods as a part of formative testing (thinking aloud tests) and usage studies
(including self-reporting and coding from log files). Observations as results of an evaluation are an
indication that such a study is formative, even if originally designed as summative according to Ellis and
Dix (2006). While they do not argue against the place of observations in visualization improvement, Ellis
and Dix caution that as a method they are not suitable for reaching a summative conclusion such as
determining if one visualization is more effective than another. Goodell et al. (2006) also treat
observations as a basis for metrics used in later evaluations through other methods. However, as part of
their visual analysis platform, they include a log of user activity and the ability to collect audio and text
annotations that are indexed to system states. These annotations are participant-driven, rather than made
by researchers, but they are also of the qualitative type of data that results from observation methods.

3.2 Questionnaires and Discussion Groups

Questionnaires and discussion groups are useful in assessing user satisfaction with proposed,
prototype, or deployed tools. Questionnaires based on standard usability criteria (e.g., Nielsen, 1994b;
Shneiderman, 1997) are often the preferred methodology for such evaluations. Interviews, both open-
ended and structured, also rely on such standards, as well as combining in-depth interviews and
observations using Cognitive Task Analysis methods. As we have indicated elsewhere in this report,
because our focus is on identifying a path toward developing more rigorous methods and metrics for VA

> It has long been known that human memory is “reconstructive,” as Bartlett (1932) described in his classic work on
remembering, recounting how, with the passage of time (decades), individual memories become distorted, even
fabricated by including details that were not originally present, and these distorted memories even grow in
confidence.
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tool evaluation, we shall not describe or review this area of research but acknowledge that a large number
of studies in information visualization field have employed these methodologies. A paper by Scholtz
(2006) delivered to the VA Science and Technology community indicates the movement toward other,
more rigorous evaluation approaches; she calls for the research community to go beyond usability
evaluation and to develop methodologies and metrics to help researchers measure the progress of their
work and assess the operational impact of VA tools.

3.3 Heuristic Evaluations

Developed by usability expert Jakob Nielsen (1994a), heuristic evaluation is a usability testing
method designed to identify any problems associated with the design of a user interface. The method
employs a set of usability design heuristics or rules of thumb that are used by a usability design expert
during the usability inspection. This informal method is considered to save time and to quickly reveal
design issues, although a constraint is that the results are influenced by the knowledge of the expert
performing the evaluation. Typically, the heuristic evaluation is scoped to focus on a set of critical points
and the targeted system is measured against predefined expectations. As Ardito et al. (2006) discuss,
such heuristic inspection methods often involve expert evaluators only and are used as a cost-saving
measure where a structured evaluation is needed but real users are difficult to access. To make heuristics
more accessible to non-expert evaluators and allow for the reuse of heuristics across evaluations, they
propose a standard method of defining heuristics that they call Abstract Tasks. Focusing on user tasks,
they provide example definitions of several major tasks proposed by Shneiderman (1996), including
overview, zoom, filter, details-on-demand, relate, history, and extract. Similar to Shneiderman, Lee et al.
(2006) identify standard user tasks specifically scoped to assess graph visualizations that they organize
into a taxonomy of five main task groups: topology-based tasks, attribute-based tasks, browsing tasks,
and overview tasks. Lam (2008) focuses on the concept of cognitive costs or effort required by users to
accomplish tasks. Adapted from Norman’s Seven Stages of Action (Norman, 1988), there are seven costs
to minimize: decision costs to form goals, system-power costs to form system operations, multiple input
mode costs to form physical sequences, physical motion costs to execute sequences, visual-cluttering
costs to perceive state, view-change costs to interpret perception, and state-change costs to evaluate
interpretation. Another example of heuristic evaluation comes from the evaluation portion of the VA
Science and Technology challenge (Scholtz, 2010) where analysts are given the opportunity to score
participant entries based on a set of predefined criteria, including clarity of analysis process and the
usefulness, efficiency, and intuitiveness of the analytical process, visualizations, and interactions.

3.4 Longitudinal/Case Studies

Catherine Plaisant (2004) challenged VA researchers to rethink their evaluation strategies and choose
approaches that enable better metrics and long-term studies (benchmarks) to compare tools. She
conducted a small literature survey of 50 user studies of information visualization systems and identified
four thematic areas of evaluation: controlled experiments comparing design elements, usability
evaluation of a tool, controlled experiments comparing two or more tools, and case studies of tools in
realistic settings. Shneiderman and Plaisant (2006) proposed Multidimensional In-Depth Long-Term
Case Studies (MILCS) in VA research. MILCS were originally developed to evaluate creativity support
tools and can be adapted to evaluate VA tools. Their belief was that as information visualization research
matures and tools developed in the laboratory are reaching users, there is a growing need for alternative
methods of evaluation in order to present actionable evidence of measurable benefits that encourage more
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widespread use of VA solutions. They proposed that the efficacy of tools can be assessed by
documenting (1) usage (observations, interviews, surveys, logging, etc.) and (2) expert users’ success in
achieving their goals. They also supported the use and adaptation of long-term ethnographic studies of
large groups to better serve the goals of evaluation. In the article they also outline their proposal and
guidelines for using MILCS in existing projects for better tool and use-case evaluation and to complement
traditional evaluation methods.

Perer and Shneiderman (2008) noted that controlled laboratory-based experiments are less compelling
for information visualization and VA research for the following reasons: (1) it is difficult to recruit
sufficiently large numbers of analysts for a long time period, (2) exploratory tasks to be studied are poorly
defined, (3) different backgrounds and experience of experiment participants leads to wide variation in
performance, and (4) the research goals of the studies are often more than what quantitative analyses are
able to provide. In their 2008 study, Perer and Shneiderman reported on two long-term case studies
integrating visualizations and statistics. In a subsequent examination of four case studies, Perer and
Shneiderman (2009) concluded that the combination of statistics and visualizations within an MILCS
approach lead to new insights and discoveries. Thus, they contend that structured and replicated case
study research methods offered by MILCS provide more useful assessments. Additional MILCS-based
studies are described by Gonzalez and Kobsa (2003), Saraiya, North, and Duca (2004), and Seo and
Shneiderman (2006).

3.5 Controlled Experiments/Performance Testing

Controlled experiments are designed to compare different conditions, such as examining the impact
of a VA tool by comparing it with a baseline (current practice, for example), by examining the impact of
the tool under varying operational conditions (such as difficulty of the problem), or by comparing the
effectiveness of two or more alternative tools. Performance testing, as we are using the term, refers to the
use of measures of performance (qualitative or quantitative) in a study that may or may not involve
controlled experimentation. The use of controlled experimentation generally requires performance
testing, but performance testing need not involve controlled experimentation. Controlled experiments are
highly desired methods of evaluation, yet they also present some of the greatest challenges to VA
researchers (as described in the above paragraph, Section 3.4). In addition to the limitations cited above,
there is a challenge in determining appropriate data to use in the evaluation. As discussed by Plaisant
(2004), two approaches are to use real data gathered from real-world instances or to use synthetically
generated data. While use of real data may enhance external validity of the tool evaluation study, it may
not be possible to determine ground truth and hence to generate useful performance metrics. Synthetic
data affords an opportunity to insert known data that provides ground truth, but there is a risk to external
validity to the extent that the simulated data do not reflect the operational environment. Greitzer (2005,
2008) discusses methodological issues in performing experiment-based evaluations of decision-support
tools.

There have been several developments to create test environments in support of system effectiveness
testing. An early effort in instrumenting an analytic environment is documented in reports and
publications describing the Glass Box instrumentation test bed (Cowley, Nowell, and Scholz, 2005;
Greitzer, 2005). The Glass Box instrumentation aimed to extract the analyst’s reasoning processes
through the examination of low-level user interaction, but it also implemented an optional annotation
function that analysts could use to document their plans and ongoing thoughts. Several other research
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papers investigating VA tools have followed suit, with functions for in-depth data collection on user
actions. For example, instrumentation by Goodell et al. (2006) automatically records user actions and
collects audio and text annotations, which allows researchers to review user actions before and after
critical points of interest in interacting with the tool. Gotz and Zhou (2008) reported an instrumentation
approach that incorporates automatic tracking of semantic-level user interactions. Heer, Mackinlay,
Stolte, and Agrawala (2008) described methods for logging user interactions and mechanisms to review,
edit, and annotate the interactions. Other research efforts that include user annotations include
Shrinivasan and van Wijk (2008) and the Scalable Reasoning System (Pike, May, and Turner, 2007). The
Scalable Reasoning System facilitates collaboration among multiple analysts by allowing analysts to
record their reasoning processes using node-link diagrams.

Performance measures used in traditional laboratory-based controlled experiments for VA tool
evaluation include learning times, task performance times, and error rates. Perer and Shneiderman (2008)
reviewed the use of laboratory experiments in the VA community and concluded that typical experiments
have 20-60 participants who are given 10-30 minutes of training before the experimental manipulations
are applied. In most cases, all participants perform the same experimental tasks during a 1-3 hour
session, and performance is assessed using statistical hypothesis testing to show significant differences in
mean values. These summary statistics are effective, especially if there is small variance across users.
Obvious drawbacks of this approach include the fact that participants are non-experts with a very limited
amount of experience; it is difficult to recruit a large number of experienced users to participate in these
studies; and the nature of the tasks being studied (exploratory knowledge-discovery activities) is poorly
defined, so applying experimental controls (e.g., asking users to perform specific tasks or specific
instructions about how to perform tasks) is not compatible with discovery (Perer and Shneiderman, 2009).

3.6 Summary

Table 3.1 is a summary of advantages and disadvantages of different evaluation approaches:

Table 3.1. Evaluation Approaches

Method Most useful for... Limitations
Observations and Interviews Revealing analytic process Subjective
. . . . Usability testing—user satisfaction with May not reflect true
Questionnaires and Discussion Groups Y & ay .
system utility/effectiveness
. . ability testing—ft n user May not reveal T
Heuristic Evaluation .Us b -y testing—locus on use ay hotreve q§epe
interactions/transactions with system insights of cognitive process
o . In-depth assessment of extent to which Tends to use a small sample
Longitudinal Studies . . e
tool aligns with process of participants
. . . Difficulty in obtaining
Controlled Experiments/Performance Comparing alternative VA approaches .
. . . Lo . sufficient number of
Testing leading to enduring scientific conclusions

participants
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4.0 Visual Analytic Taxonomies

4.1 Visual Analytics Taxonomy

In a workshop on VA curricula hosted by Georgia Tech (Thomas, 2009), 20 participants discussed
and brainstormed about developing a VA taxonomy. As Thomas stated, a taxonomy is the practice and
science of classification: “The word has its roots in the Greek words ta&ig (taxis), meaning order,
arrangement and vopog (nomos), meaning law or science. Taxonomy uses taxonomic units, known as
taxa (which is the plural of taxon)” (Thomas, 2009, p. 6). As Thomas explains, the purpose for
developing a taxonomy for VA is “... to provide an order and arrangement of topics—the taxa that are at
the heart of studying visual analytics. The reason for such a “definition” is to more clearly describe the
scope and intent of impact for the field of visual analytics.”

As Thomas observed, the analysis revealed that usage of common terms was problematic: some
terms appeared in multiple places with different meanings. For example “exploratory analytic” refers to
both the name of a specific type of analytic method and a phrase that “... describes a very deep and
powerful analytic science.” The term “surveillance” is used both as a domain of application and an
analytic goal with specific technologies (such as video motion analytics).

A higher-order classification that emerged from the VA curricula workshop, cited by Thomas (2009),
is shown in Figure 4.1. The taxonomy comprises four main dimensions: Domain/Applications; Analytic
Methods/Goals; Science and Technology; and Data Types/Structures. As stated, this taxonomy was
oriented toward characterizing and informing educational strategies for academic programs. Elements of
this framework are useful for some aspects of research and evaluation, but are perhaps less informative
for guiding users and practitioners in selection of VA tools for particular purposes. Therefore, our study
sought to review literature in the VA field to update VA taxonomies for varying aims in guiding research,
evaluation, and practical applications. In so doing, we also seek to continue the specification of
taxonomy (or taxonomies) by drilling down in providing additional detail at lower levels, as well as
specifying applicable methods and metrics to guide evaluation research.

According to Chengzhi, et al. (2003), a taxonomy of visualization can help developers grasp the key
techniques of visualization, assist domain users in understanding both how a particular visualization
technique works and how it can facilitate selection of the right technique to use for analysis. Some
research focuses on one or more factors, such as data type, display style, interactivity, etc. and many of
these frameworks treat the developers of VA systems and the users of VA systems as the same. This
confusion in perspective leads to ambiguous classifications and definitions for visualization techniques,
systems, and ultimate utility. This can be seen in the number of taxonomies, classifications, and
frameworks that have been published over the past decade. Our goal is to advance the field by addressing
some of the published taxonomy shortcomings as well as their strengths, how taxonomies can be used to
select the right tool for the job at hand, and how to better integrate perspectives from cognitive science.
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Figure 4.1. VA Taxonomy Developed in 2009 Workshop (Thomas, 2009)
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4.2 Review of Literature on VA Taxonomies

Our search and review of the relevant literature in VA revealed 228 unique citations of published
works with a title that included either taxonomy or framework. Clearly, research efforts have heard the
call for a VA taxonomy. A common approach is to focus on developing a taxonomy of user tasks,

i.e., classifying visualization systems based on the types of basic user interaction tasks they support.
Complex analytic tasks are often too nebulous to capture in easily codified terms, but as a way of
approximation, each can be broken down into data and system interactions that are more universal and
simpler to categorize.

Wehrend and Lewis (1990) provided an early and seminal classification of user tasks. They focused
on domain-independent user actions, including locate data, identify objects, distinguish between values of
variables, categorize objects, cluster data, describe distribution of data, rank data, compare within
entities, compare between relations, associate entities, and correlate. While tasks such as clustering and
ranking may imply certain types of VA systems, they may be more appropriate for describing the
capabilities of many visualization systems operating on a variety of data types. In particular, clustering
concerns techniques that allow users to identify associations among data, including finding gaps (absence
of clusters). In this sense, a timeline visualization could reveal clusters—closely timed events—while
other visualizations could show groups of related text documents based on keywords. The work by
Wehrend and Lewis was later extended by Zhou and Feiner (1998), who added additional low-level tasks
and regrouped tasks by three implications: organization, signaling, and transformation.

Shneiderman (1996) provided another task-based taxonomic framework that organizes evaluation of
visual analytic systems using seven data types (one-, two-, three-dimensional, temporal,
multidimensional, tree, and network)6 and seven user tasks (overview, zoom, filter, details-on-demand,
relate, history, and extracts). Focus on data types is useful from a practitioner’s viewpoint, especially if
the taxonomy provides guidance on which types of visualizations are best suited for different types of
data. Nevertheless, considerations that focus exclusively on visualization representation may miss critical
thinking and problem-solving activity that underlies the interaction between the user and the visualization.
Another limitation is that the inclusion of these user tasks into the taxonomic framework may tend to blur
the distinction between interaction and task; for example, zoom reflects a transaction (action) performed
by the user to meet a certain objective, but zooming per se isn’t the objective that defines the task. Chi
(2000) criticized use of classifications based on data types because of their limitations in providing
guidance about selection of visualization techniques.

With his classification system, Shneiderman (1996) also delivers a “visual information seeking
mantra” that advises: “overview first, zoom and filter, then details on demand strategy.” That is, while
tasks may be independently defined and perhaps iterative, there is still room to organize around user
problem-solving strategies. Subsequent suggestions from other visualization researchers reflect this
realization that taxonomies for VA should address not only aspects of the representation but also the
analytic interactions supporting the problem-solving effort. For example, a framework by Pfitzner et al.
(2001) includes interactivity type (static vs. dynamic), visualization type (textual vs. graphic, animated
vs. images), and user skills level (as a continuum from novice to expert). Pfitzner, et al. (2001) suggest
that their proposed framework addresses all the major factors involved in getting the user successfully
from problem to solution, including bridging the divide between problem execution and data evaluation.

% A data type classification by Card, Mackinlay and Shneiderman (1999) is similar.
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Valiati et al. (2006) expanded the catalogue of low-level tasks and combined several similar higher-level
tasks, acknowledging that the accomplishment of one task may require the execution of others. Thus,
their high-level tasks can further be grouped into goals a user might have when using a visualization
technique (identify, determine, compare, infer, locate) and more supportive tasks (visualize and
configure). One aspect of note is that Valiati et al. have attempted to evaluate their taxonomy against
users of a visualization system. Users were not told to use any specific strategy, and results indicate that
the proposed taxonomy was able to capture the nature of user tasks.

More recent efforts by Gotz and Zhou (2008) also organize low-level user tasks into a taxonomy.
Their taxonomy classifies tasks into three top-level semantic categories: exploration actions, insight
actions, and meta actions. Meta actions include such data-managing tasks as delete and edit as well as
undo and redo. Exploration actions include data exploration actions (filter, inspect, query, restore) and
visual exploration actions (brush/highlight, change-metaphor, change-range, merge, sort, split). Insight
actions are subtyped into visual insight actions (annotate, bookmark) and knowledge insight actions
(create, modify, remove). Their classification of actions is based on understanding the intent of each low-
level user action. For instance, annotation and bookmarking actions imply that a user is note taking. This
classification recognizes the importance of visual information while filtering and inspecting, facilitating
the process of constraining the visualization of the dataset.

To summarize, a common approach bases VA taxonomy on user tasks, and several low- to high-level
tasks have been identified. While there is not always agreement on use of terms, there are commonalities
across these task-oriented taxonomies. Few, however, have taken such task taxonomies beyond high-
level tasks and attempted to ground them in the cognitive domain.

A key exception comes from Xu et al. (2009) who borrow from Bloom’s taxonomy of the cognitive
domain (1956). While their motivation was largely to investigate and evaluate software visualization
tools in regard to their support for learning a code base, Xu et al. provide a mapping of cognitive domain
to sample tasks that support the domain. Several of these tasks have been identified by the previously
discussed taxonomies. Bloom’s taxonomy classifies stages of learning into ranked states, each of which
subsumes the states that are lower in the hierarchy: knowledge, comprehension, application, analysis,
synthesis, and evaluation. In order to have reached a state where one may engage in analysis, one must
also comprehend and apply prior learning. User tasks identified elsewhere can be found as examples in
Xu et al.’s mapping to supported domain (i.e., identify is supportive of the knowledge state while
synthesis is supported by such tasks as relate and create).

This mapping of cognitive domain to user task is a critical step that until recently has been overlooked
by the majority of the literature. However, in order to fully understand the usefulness of VA systems, it is
important to understand the cognitive support they provide to users. Simply organizing the field by the
tasks may not be enough to identify which visualizations are best suited to specific domain problems.

4.3 Emerging Taxonomies

Here we attempt to synthesize the above taxonomic frameworks by separating the different
perspectives of researchers, developers, and users to help identify research needs, to help practitioners
decide what approaches are best for particular types of problems, and to suggest evaluation methods that
are most appropriate. In the following discussion, we describe taxonomic dimensions that emerge from
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this analysis and we attempt to convey them in different ways—tabular representations to provide some
detail about their characteristics, representative research, etc. and graphic depictions that suggest
ontological relationships that ultimately could be used to support decisions about choice of visualizations
and evaluation approaches. We recognize the following categories:

o Application Focus. As described earlier, at a very high level, visualizations can be classified based
on application focus such as information visualization, scientific visualization, software visualization,
scientific collaboration, etc.

e Domain/Application. The Application Domain is important to include in the taxonomy to
characterize the relationship between VA technology types and application domain—examining
whether a particular type of technology is a more dominant choice of developers/users in a given
domain of application. This dimension is the same as proposed by Thomas (2009) and therefore it is
not depicted or described further here.

e Problem Type. The Problem Type is an important taxonomic dimension to support the need to
identify the most appropriate VA technology to apply to a given type of problem. This taxonomic
dimension corresponds to the dimensions of “analytic methods/goals” and “science/technology”
offered in Thomas (2009).

e VA Technologies/Visualization Type. The VA Technology dimension incorporates some of the
factors that Thomas (2009) included in the Science/Technology dimension.

o Evaluation Methods and Metrics. The Evaluation methods and metrics dimension corresponds
roughly to portions of “Data Types/Structures” in Thomas (2009).

Figure 4.2 describes the process used and relationships involved in choosing a visualization approach
for a given problem. The basic elements are shown in a circle, but the process is not simply a linear one,
as there are times when the process jumps or iterates. Generally, the figure depicts how a given problem
can be viewed as belonging to a certain application focus (and although not shown, the problem is
associated with a given application domain). Given the problem type, one seeks to use existing theory
and practice (ideally represented taxonomically) to choose a visualization approach or type. Given a
visualization type, one selects a particular tool that is most appropriate for the objectives of the problem.
The tool selection determines the types of user actions that are available, and these in turn help to define
the methods used and performance metrics for evaluating the effectiveness of the visualization.
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Figure 4.2. Process and Relationships Involved in Visualization Research, Development and Testing

4.31 A Taxonomy of Problem Type/Purpose

As we began to formulate a taxonomy similar to that proposed by Thomas (2009) and that follows
concepts offered by other researchers, we realized that a deeper hierarchy would be useful and hence
adopted a depiction that suggests this hierarchy for Problem Type (Figure 4.3 and Table 4.1), which also
provides examples of methods used for evaluation.

Problem Type

. . Monitoring ..
Communicate Information Process Knowledge Decision
an Idea Retrieval Control discovery/Insight Making/Problem
Solving/Sensemaking
Heurlspc . precision || Accuracy/ Accuracy/ CAGAT
Evaluation errors errors SAGAT

. Recall . Subjective

sas ratings sas Annotation .
— Accuracy —

Figure 4.3. Problem Type Taxonomy showing examples of Evaluation Methods
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Table 4.1. Problem Type Taxonomy with Examples of Performance Metrics

Problem Type

Data and Performance Metrics

Representative Studies

Communicate an Idea

Information Retrieval

Monitoring/Process
Control

Training

Knowledge
discovery/Insight

Decision
Making/Problem
Solving/Sensemaking

Cognitive Task Analysis
Situational Awareness Global Assessment
Technique (SAGAT) (Endsley, 1988; 1995))

Subjective ratings may be based on usability
factors (e.g., Nielsen, 1994a; 1994b)
Accuracy/precision/recall

Accuracy/errors

Subjective ratings may be based on usability
factors (e.g., Nielsen, 1994a; 1994b)

User annotations (online or hand/journal input)
Accuracy/percent correct/errors

Accuracy/errors

Time to complete task/subtask
SAGAT (Endsley, 1988; 1995)
Domain-specific system metrics

Accuracy/errors
Comparison with expert performance
SAGAT (Endsley, 1988; 1995)

Bertini and Santucci 2006
Dasgupta and Kosara 2010
Lam 2008

Amar et al. 2005
Ardito et al. 2006
Matzen et al. 2010

Santos et al. 2004
Ardito et al. 2006
Lam 2008

Liiv 2010
Scholtz 2010

Lee et al. 2006

Chang et al. 2010

Amar et al. 2005
Ardito et al. 2006
Matzen et al. 2010

Amar et al. 2005
Ardito et al. 2006
Matzen et al. 2010

Figure 4.4 illustrates the visualization type taxonomy (like other examples, we have not attempted a
full specification; it is incomplete):

Word Cloud

Visualization
Type

4.7

Illustration

Figure 4.4. Visualization Type Taxonomy



4.3.2 A Taxonomy of Visual Analytic Technologies

Table 4.2 illustrates the Visualization Type taxonomy. A great deal of research and practice
characterizes this area, particular for static visualizations.

Table 4.2. Visualization Types

Visualization Type Examples Purpose
Static Visualizations’ e  Network Diagram Demonstrate relationships
Scatterplot
Matrix Chart
e Bar Chart Compare a set of values

e Block Histogram
e Bubble Chart

Line Graph Track trends
Stack Graph

e Pie Chart See parts of a whole
e Treemap

Word Tree Analyze text
Word Cloud

3-D Visualizations e  [llustration

e  Animation
Heat Map .

Interactive Visualizations .

As noted above, the selected VA technology or tool determines the type of user actions that will apply
(subject to the functionality of the tool). We have begun to think of organizing user actions according to
Bloom’s taxonomy, as suggested by Xu et al. (2009). A depiction of this concept is shown in Figure 4.5.

User Actions

e e
Locate Determine ¢ Infer

" .

* Zoom « Identify  Cluster « Compare * Associate * Annotate
« Inspect « Distinguish * Configure « Visualize * Correlate « Bookmark
* Query * Rank * Merge s Categorize * (reate

— Synthesi
Knowledge Application

Figure 4.5. User Actions Organized According to Bloom’s Taxonomy

7 from Many Eyes web site, http:/www-
958.ibm.com/software/data/cognos/manyeyes/page/Visualization_Options.html
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A Taxonomy of Evaluation Methods & Metrics

Once choices have been made about the VA technology to apply to a given problem, decisions may
be made about the method to be used in evaluating the impact of the technology. A partial depiction of
relevant methods and relationships is shown in Table 4.3 and Figure 4.6.

Table 4.3. Taxonomy of Methods and Metrics

Method Data and Performance Metrics Representative Studies
observations and Cognitive Task Analysis e Sedlmair et al. 2010
interviews SAGAT (Endsley,1988; 1995) e Andrews 2006

e Santos et al. 2004
e Ellis and Dix 2006
e Goodell et al. 2006
e Riche 2010
e Mayretal. 2010
questionnaires and Subjective ratings may be based on usability e Santos et al. 2004
discussion groups factors (e.g., Nielsen, 1994a; 1994b)
heuristic Subjective ratings may be based on usability e Santos et al. 2004
evaluations factors (e.g., Nielsen, 1994a; 1994b) e Ardito et al. 2006
e Lam 2008
e Liiv2010
e Scholtz 2010
e Leeetal 2006
longitudinal/case User annotations (online or hand/journal input) e  Shneiderman and Plaisant 2006
studies
controlled Accuracy/errors e Santos et al. 2004
experiments/ Time to complete task/subtask e Ellis and Dix 2006
performance testing Domain-specific system metrics e Goodell et al. 2006
e Matzen et al. 2010
e Riche 2010
e Leeetal 2006

Meta-analysis

combines the results of several studies that
address a set of related research hypotheses
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Figure 4.6. Evaluation Method Taxonomy (Incomplete)

4.4 A Work in Progress

As discussed throughout this report, there are numerous taxonomies published on a variety of facets
of VA—collaboration, data type, interactivity type, actions, time dimensions, etc. It can be argued that
there is a lack of agreement on how to organize the domain in a way that will (a) provide the right tool for
the task at hand to solve practical problems and (b) generate valuable theoretical knowledge to advance
the field as a whole. Taxonomies provide a mechanism to organize tools using a standard set of criteria,
thereby making it easier to choose a tool for a specific purpose.

Figure 4.7 depicts, at a very high level, how a handful of the published taxonomies can be mapped to
Bloom’s taxonomy of cognitive domain (Bloom, 1956; Xu et al., 2009) with a focus on user actions.
This unique application of a taxonomy from educational psychology assists in providing an overarching
framework from which to derive a better understanding of the impact visual analysis in general, and
information visualization in particular, have in sensemaking, problem-solving, and insight generation.
The head with a question mark shown in the lower right of the figure conveys our assessment of the state
of the description of taxonomies for information visualization at the level of problem solving and
sensemaking; i.e., there is considerable more work to be done in specifying activities associated with
deeper levels of cognition (e.g., more sophisticated activities associated with synthesis and evaluation in
Bloom’s taxonomy) that transcend user-system transactions falling into lower levels of Bloom’s
taxonomy (knowledge, comprehension, application).
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Bloom’s Cognitive Domain Taxonomy — Xu et al 2009

Knowledge Comprehension Application Synthesis Evaluation
|

Exploratipn Actions [3] Review of
Results [4]

Initiation|[4] !

Identify [1] (2] Determine [1] Infer[1] Annotate [3]
Distinguish [2] Configure [1] Compare
Rank (2] Cluster[2] ::ilta':ii';‘::e:z‘]"““

Associate [2]

Zoom[4] i > Objecttevelid Correlate [2]

nspect 3] Attribute Level [4] ! ! Relate (4]

Query (3] Merge [3] Filter [3] (4]

Change-Range [3] split 3] Sertil

l Zoom[3] | | Pan(3] ‘ | Detail-On-Demand [4] |

Graphic Design/Communication
Information Retrieval
Monitoring

Sensemaking, Information Analysis, Problem Solving, Training

Figure 4.7. Cognitive Taxonomy. Sources: 1. Valiati et al., 2006, 2. Wehrend and Lewis, 1990,
3. Gotz and Zhou, 2008, 4. Pfitzner et al., 2001.

There is an extensive literature on high-level models of user strategies to identify information, solve
problems, make decisions, etc. However, there is no consensus on the tasks required to get from point A
to point B or about how to determine the best tool to facilitate human reasoning. Developing an
understanding of the relationships among visual representations of data, complexity of task, and
information retrieval will enable the community to build better tools. This can only be accomplished
through robust, longitudinal, empirical studies. Identifying gaps in, among, and between taxonomies is a
large task and requires input from experts in multiple domains salient to the National Visualization and
Analytics Center agenda for VA.

With a lack of comparison studies and a rich theoretic history available, researchers look to other
fields that may inform and advance the VA field. One recent article by Chen and Janicke (2010)
examines the applicability of information theory taxonomy as a possible theoretic framework for
visualization. Their quantitative evaluation yielded very positive results. Future work should explore
application of existing theories and models from other disciplines.

441 Benefits

When the specification of taxonomies is completed to show best practices or most successful
application of VA technologies to different types of problems, the resulting taxonomies will benefit the
research community and the operational users alike by showing future research directions and informing
developers and practitioners as to more optimal selection of tools and techniques.
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4411 Direct Future Research

Once a large-scale taxonomy is developed, a web-based repository of visualization tools and
resources can be developed. The repository is intended to be used by researchers to classify tools and
determine if a particular visualization has been empirically validated to support decision-making in a
particular domain or application. A byproduct of having this information in one place electronically is
that it allows researchers and software developers to identify if there are gaps that can be filled, thus
furthering the discipline.

The complexity involved in most analytic systems today is a major obstacle to usability as is the high
cost of purchasing or developing a tool. According to Chen, “a prolonged lack of low-cost, ready-to-use,
and reconfigurable information visualization systems will have an adverse impact on cultivating the
critical user population” (2005, p. 12). To reach critical mass, the language of information visualization
needs to be comprehensible to potential users. Generating a common ground through the development of
theories and a common set of evaluation metrics is a start.

4.41.2 Inform Selection of Tools

An important function of VA taxonomies should be to help practitioners and stakeholders identify
visualization techniques (and associated tools) that best address their problems, based on results from
research and practical experience that ultimately would be represented in the collection of VA taxonomies
that we seek.

4413 Inform Validation Efforts

The purpose of empirical studies is to discover and explain facts and relationships. A study is only
empirical if it explores and analyzes data associated with the use of information visualization functions
and systems (Chen, 2004). Many are seduced by the eye-candy that can overwhelm the utility of
visualization tools. However, empirical evidence is very important to fast-growing fields and remains an
integral component of domain knowledge, e.g., what works, what failed, what is not known. Ideally,
evaluative studies should be designed to capture the effectiveness of an information visualization design
in terms of insights generated. However, additional measures of overall quality, uncertainty, novelty,
usability, etc. are just as meaningful. One suggestion is that a large focus should be placed upon
narrowing the gap between the “gulf of execution” and the “gulf of evaluation” so users can accomplish
tasks smoothly and seamlessly and so they can judge their progress accurately (Chen, 2010: p. 395).
Understanding #ow a tool works is just as important as why it works. A taxonomy capable of breaking
down the constituent components of a visualization tool should, in theory, enable the researcher to better
comprehend any shortcomings between tasks and visual cues as well as better comprehend the link
between visual attributes and perceptual tasks.

4.5 Status of Taxonomies for Visual Analytics

In a special issue of the International Journal of Human-Computer Studies, Chen and Czerwinski
(2000) acknowledge that the proliferation of information visualization tools and techniques has
highlighted the need for principles and methodologies for empirical evaluation (2000: p. 631). Improved
methods are needed in areas such as task analysis, usability evaluation, and usage analysis. The special
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issue highlights the growing interest in empirical evaluation of information visualization and signifies that
the field has matured enough to start providing valuable contribution to stimulate further development of
innovative techniques and a better understanding of the value of various visualization techniques.

One approach used by Morse and Lewis (2000) evaluated visualization techniques using a task set based
on a visual taxonomy. Their use of a taxonomy provided a way to deal with the complexity of visual
tasks and concluded that, while successful in verifying the utility of visualization for supporting
information retrieval activities, it could also be expanded and used to evaluate text-based tasks. They also
established that it would be highly desirable to perform the evaluation as part of a study on the entire
taxonomy, not just a portion. Another study combining evaluation with the application of taxonomies can
be seen in Wohlfart, et al. (2008). Typically, empirical evaluations of visualization tools use predefined
tasks to assess usability. However, when there is a lack of published studies on a particular data
dimension, in this case temporal data, it is difficult to make a tool selection. Wohlfart et al. use a
published categorization and a set of user tasks to perform a detailed comparison of several tools,
focusing on temporal aspects of data. These studies demonstrate that use of taxonomies coupled with
evaluation methods provides a valuable way to ascertain if the categorization is useful and enables easier
comparisons between tools that take account of the type or types of data being analyzed.

Taxonomies for visual applications in particular can be positioned in a continuum between the user
and the application. User-oriented categorizations take into account psychological aspects of the user,
such as internal and external cognition, whereas categorizations oriented by the tool or application focus
on features and types of interaction. On the other hand, empirical analyses of visualization applications
use predefined tasks to evaluate their practical effect. Tasks are often selected according to their
relevance to the task at hand. Users have to analyze one or more attributes of the data set to find
correlations, make comparisons, or find meaningful clusters. Performance is typically measured by the
time needed to complete each task and the correctness of their answers. Less frequently, evaluations
include more subjective information like user preference and rating of the tested tools (Wohlfart, 2007).

No matter if you use the term categorization, classification, or taxonomy interchangeably (as have
many of the authors cited in this document), they all enable the field to organize the various aspects of
information visualization hierarchically. We propose that this organization is quite necessary to aid in the
development of a more rigorous theoretical stance for the broad and multidisciplinary field of
visualization. Much of the foundation of the field is based in other disciplines including psychology,
statistics, and computer science. However, there is very little work purely motivated by visualization
alone. In order to strengthen the field, more reliable and comparable empirical evidence of how
information visualization is applied and how higher-level human capabilities, such as decision-making,
contribute to our ability to elicit meaningful information from large volumes of data. Researchers will
need this empirical data to identify patterns, propose hypotheses and theories, and test them. Some have
claimed that the field of information visualization as a whole does not have an established scientific
culture to collect comparable data and suggest that taxonomies for more precisely defined cognitive tasks
will better enable researchers to describe their experiences and evaluation results more fully; that
standardized measures enable verification of results and provide a mechanism to conduct meta-analysis;
and finally that quantitative and physiological measures similar to those used in psychology will improve
our understanding of information visualization (Ziemkiewicz, et al, 2010).

The tables and diagrams provided earlier in this section serve as an initial guide to future work on
developing a high-level taxonomy and ontology for the discipline. A parallel activity to conduct as the
taxonomy shapes up is a thorough review and analysis of published literature.
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5.0 Conclusions and Recommendations

5.1 Conclusions

The grand challenges described by Thomas and Cook (2005) apply as much today as they did six
years ago at the beginning of the National Visualiztion and Analytics Center program. As they remarked,
“Visual representations alone cannot satisfy analytical needs. Interaction techniques are needed to support
the dialogue between the analyst and the data. While basic interactions such as search techniques are
common in software today, more sophisticated interactions are also needed to support the analytical
reasoning process.” (p. 30). The reader should refer back to that work as well as other more recent work
for a more complete discussion of research directions: For example, Keim et al. (2008) discuss technical
challenges of scalability, quality of data and graphical representation, levels of detail of visual
representation, novel interaction styles and metaphors to enhance user-system communication, research
on a range of display devices from small portable assistants to large-scale power walls, development of a
theoretically grounded evaluation framework, and a novel software infrastructure to support smooth
interaction augmented by asynchronous processing. According to Keim et al. (2008), there is currently no
technological approach or theoretical agreement among experts in the field of VA that claims to provide
answers regarding the relevance of information, the adequacy of data processing methods and validity of
results, and acceptability of the presentation of results for a given task.

Our discussion of research directions is focused on areas in which cognitive science research can help
to advance VA research and practice. Major topics for research concern the consideration of how current
theories can be applied to inform VA research; more focused cognitive research on sensemaking/problem
solving and the analytic process to help align visualization technologies and representation techniques to
user’s mental models and thought processes; advancing the science and engineering practices of VA tool
evaluation; research to develop more effective means of communicating the results of analyses to
stakeholders (intuitive and natural ways of conveying findings as well as providing rationale and
background information supporting the decisions and recommendations); and activities that foster a closer
relationship between system developers and end users at all stages of the system
design/development/deployment life cycle.

511 Theories

As we and others have argued, a more directed application of cognitive theories and results of
empirical research on critical decision making and problem solving to VA system design, development,
and evaluation. Research can inform future VA research. A wide array of theories and guidelines is
likely to be appropriate for strengthening the theoretical foundations of VA research. A workshop titled
“The Role of Theory in Information Visualization” at the recent VisWeek conference in Salt Lake City
(organized by Robert Kosara, T.J. Jankun-Kelly, and Chris Weaver, Oct 25, 2010)® included a productive
discussion that identified theories from the following diverse fields that should be included in such a
study:

e cognitive psychology/attention/perception/cognition

¥ Most of these suggestions came from a breakout session that FL Greitzer attended; we acknowledge the important
contributions by Dr. Lucy Nowell, a participant in this session who provided many of the topics suggested below.
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e communication theory

e external cognition

e graphics design/layout

e human-computer interaction

e learning theory

e mapmaking

¢ sensemaking/decision making/problem solving
e statistical graph design

o studies of cognitive bias, change blindness.

5.1.2 Cognitive/Sensemaking Research

As we have discussed, VA technologies provide external memory to augment and accommodate
human memory limitations, but when visualizations are difficult to interpret, a higher cognitive load
results (Pfitzner, Hobbs, and Powers, 2001). If visualizations convey appropriate mental models, then
they should enhance decision making, but if they are inconsistent with the mental models and analytic
approaches used by the decision maker, then they will work against efficient sensemaking and problem
solving. Very little research has been done to link observed performance to inferred mental models that
represent the decision-making process. In addition, research on evaluation methods is required to help fill
knowledge gaps in researcher- and practitioner-oriented taxonomies. Card, et al. (1999) suggest that
many human cognition and performance studies need to be completely revisited with all of the research
and theory development that has been accomplished within the field of information visualization.
Undoubtedly, we can and have used them as a springboard to advance the field. But as the volume of
data and data representations increase at a phenomenal rate, many of these studies that dealt with very
small data sets and with limited technology may provide very limited application today.

5.1.3 Evaluation

Is visualization worthwhile—does it assist in reducing cognitive load, lead to insight, and facilitate
problem-solving? How do we quantify the impact of VA tools or measure success? Research is required
to enhance methods for evaluating the effectiveness of VA tools. Evaluations are needed to determine if
goals and requirements of a program or tool have been satisfied. Certainly, this requires an appropriate
amount of attention, up-front, to defining requirements for success that may be examined later in the
evaluation phase of an effort. To do this effectively, developers need to have an evaluation plan in the
beginning that specifies the types of evaluations that will be performed. Once again, research on
taxonomies for evaluation is needed to help stakeholders and developers specify the most appropriate
evaluation approaches that meet their operational objectives and to identify methods and performance
metrics that are realistic and informative based on theory and research.

Researchers in the VA field have concluded that future research should always include evaluation
studies and should seek to provide a scientific basis for their conclusions that transcends assessment of
individual tools (moving beyond “point solutions™). Results of such research will help to complete the
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development of VA taxonomies that guide research, evaluation, and selection of VA tools based on
benchmarks and rigorous theory/model-based and science-based principles. Thus, more evaluations—
controlled experiments and longitudinal studies—are needed that go beyond traditional user studies and
that provide insights about why one type of visualization approach yields better results than another in a
given problem domain.

514 Communication

Finally, we must not forget the importance of communicating the results of VA tasks in a way that
effectively informs stakeholders about the conclusions reached as well as the rationale for the decisions.
Results must be conveyed to a variety of potential users, from stakeholders to the general population.
Human-computer interaction research is needed to devise intuitive methods of reviewing high-level
analysis results/conclusions as well as examining evidence and relevant facts. Because most real-world
problems are ill-defined and uncertain, the conclusions that derive from VA studies are necessarily
uncertain; thus, it is important for VA displays and interfaces to portray concepts of uncertainty at an
appropriate level of detail to be understood by the individual using the tool (this clearly varies depending
on the user’s role and intent).

5.1.5 Bringing Communities Together

Stakeholders and thought leaders from the research community and end-user communities need to
determine ways to foster more frequent and meaningful interactions and knowledge exchanges to provide
an atmosphere and even formal processes that ensure the acceptance of VA tools by user communities. It
is widely acknowledged that systems must be designed with the users’ tasks in mind, but current practice
still fails to establish strong connections in developing system requirements that are tightly linked to real-
world operational problems. While there has been movement toward more extended use of domain
experts and users in the evaluation process (e.g., longitudinal case studies involving experts), the VA
community needs to establish comparable associations during the concept development and
requirements/design phases of work. A possible means of facilitating such exchanges is to conduct joint
workshops involving researchers, practitioners, and operational users to survey the state of practice of VA
tool development and identify operational needs and requirements that informs and provides directions
for research.

5.1.6 VA Taxonomies

What can information visualization research achieve that other disciplines or fields can’t? Several
authors have documented milestones in the history of the field that should be useful in advancing our
understanding of the needs and contributions of the VA field and derivation of a taxonomy or taxonomic
framework that can be useful in guiding research and application (Card, MacKinley and Shneiderman,
1999; Chen, 2004; Spence, 2001; Thomas and Cook, 2005). However, very little work has been done in
the area of evaluation and taxonomic development. Overall, paradigmatic analysis and characterization in
the field of information visualization are lacking. The field of VA doesn’t focus on specific methods to
address these questions in one overarching “best practice.” Each domain, of which there are many,
contributes to the repertoire of approaches that contribute to the creation of solutions. Ultimately, it is up
to the human user to utilize VA to complement the knowledge generation process in the context of their
need.
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5.2 Summary of Recommendations for Research

Recommendations for future research based on the above discussion and conclusions are aggregated
below:

e More research is needed on sensemaking/problem solving and the analytic process to help align
visualization technologies and representation techniques to user’s mental models and thought
processes.

e Research is required to advance the science and engineering practices of VA tool evaluation.

e Research is needed to develop more effective means of communicating the results of analyses to
stakeholders.

¢ A more directed application of cognitive theories and results of empirical research on critical decision
making and problem solving are needed to inform VA system design, development, and evaluation.

e Research is required to enhance methods for evaluating the effectiveness of VA tools and determining
if goals and requirements of a program or tool have been satisfied.

¢ In the future, VA research publications should include evaluations and should seek to provide a
scientific basis for the conclusions that transcend assessment of individual tools (moving beyond
“point solutions”).

e Further analysis is required to define requirements for the establishment of a test bed to support
evaluation of VA tools.

e Stakeholders and thought leaders from the research community and end-user communities need to
determine ways to foster more frequent and meaningful interactions and knowledge exchanges.
Two recommended ways to achieve this objective are to conduct joint workshops involving
researchers, practitioners, and operational users and to establish an interactive forum at the
VACommunity Site to facilitate discussion and exchange of ideas.

5.3 Recommended Next Steps for Cognitive Foundations Project

The following recommendations are offered specifically for following up on the research performed
in this cognitive foundations project.

5.3.1  Set Up Experimental Test Bed

As Thomas and Cook (2005) advised, an evaluation infrastructure is needed to guide research in
promising directions. Because no single visualization technique can be expected to be appropriate for all
problems, combining a systematic exploration of the effectiveness of VA approaches within a taxonomic
framework will help not only to guide research but also to inform practitioners in selecting or investing in
VA approaches to meet operational challenges.

Further analysis is required to define requirements for the establishment of a test bed to support
evaluation of VA tools. We have identified a number of drawbacks in current practice that should be
addressed, including use of experienced participants instead of novices, use of extended tasks that
exercise the cognitive/sensemaking processes, and development of methods and performance measures
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that help to reveal more cognitive activity (interactions involving human-information discourse) in
addition to user-computer transactions to modify or search/retrieve data, navigate, or adjust visual
mapping/representation. A test bed is needed that will support experiments and longitudinal studies
involving experienced users. Two requirements for an evaluation infrastructure are:

o The test bed should support controlled experiments as well as more traditional usability studies.

e The test bed should include a portable system configuration that may be integrated into the user’s
environment.

5.3.2 Advance Community Involvement in Cognitive Foundations

In her keynote address at VisWeek 2010, Professor Mary Hegarty of the University of California,
Santa Barbara, stated, “... design of effective visualizations is as much a challenge for cognitive science
as for computer and information science, and ... these disciplines must collaborate closely on the
development of new information technologies and visualization design” (2010: p. xxiv). To facilitate
this collaboration, we have created a Cognitive Foundations Forum at the VA Community Site,
http://vacommunity.org, to facilitate discussion and exchange of ideas on selected topics. We also intend
to develop a blog where we can update this community about developments and discussion topics. We
recommend continued maintenance of the forum, blog, and other social media methods for informing the
research community and practitioners. Particular objectives are to encourage information exchange
between cognitive scientists and computer/information scientists engaged in visualization research and to
facilitate collaboration between the research community and stakeholders and users. Specific
recommendations include:

e Maintain and update Cognitive Foundations Forum at the VA Community Site

e Use the site to disseminate information about events of interest and discussions, aimed at
visualization designers/developers, cognitive scientists, and the user community

e Plan a workshop to bring together cognitive scientists and visualization researchers to continue to
flesh out the research agenda.
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Appendix A: Annotated Bibliography

A.1 Scope and Purpose

This document is an Appendix to the report “Cognitive Foundations for Visual Analytics” [PNNL-
20207], which was produced through a research project with the same name, aiming to enhance
understanding of the role of Visual Analytics (VA) in knowledge discovery and insight, identify more
rigorous scientific methods to evaluate effectiveness of VA tools, and inform design of deployable VA
solutions based on this theoretical foundation. In support of this project, the authors conducted an
extensive literature search to update our understanding of the VA field from multiple perspectives.

This Appendix documents the method used in conducting the literature search and provides an
alphabetical list of citations with abstracts for the research papers that were found. Ultimately, an
interactive repository of the literature citations/abstracts is sought to provide researchers greater flexibility
in searching for publications relevant to their fields, applications, and science approaches. Current status
and plans for making an interactive repository available to the VA community are described below in
Section A.3.

A.2 Method

A literature search is the active identification of existing information sources most relevant to the
research question or need. For this project, subject matter experts were asked to supply keywords and
phrases salient to the research topic and that would enable the information specialist to identify relevant
literature. A sampling of keywords and phrases is in Table A.1 below:

Table A.1. Keywords and Phrases

Information Analysis +

Discovery or “knowledge discovery”
Information visualization +

Insight

Intuition

Problem-solving, problem solving
Reasoning

Sensemaking, sense-making, sense making
Understanding

Wisdom

Multiple searches were conducted in commercially available databases covering the broad areas of
computer science, psychology, cognitive science, and human factors. There were no restrictions placed on
publication date or language of publication. The databases shown in Table A.2 were queried, resulting in
over 1,900 citations. In addition, several large datasets were collected from VisWeek 2010 and the
National Visualization and Analytics Center. Collectively, we have gathered over 2,400 citations.
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Table A.2. Databases

Database Description of Coverage/Scope

SciVerse Scopus is the world’s largest abstract and citation database of peer-
reviewed literature and quality web sources. The database contains

Scopus 41 million records, 70% with abstracts, and nearly 18,000 titles from
5,000 publishers worldwide. 70% of content is pulled from international
sources. Includes over 3 million conference papers.

Science Citation Index Expanded: Over 7,100 major journals across

150 disciplines, from 1900-present.

Conference Proceedings Citation Index: Over 110,000 journals and book-
based proceedings in two editions: Science and Social Science and
Humanities, across 256 disciplines.

Web of Science + Conference
Proceedings Citation Index

Compendex is the most comprehensive bibliographic database of scientific
and technical engineering research available, covering all engineering
Compendex thru Engineering disciplines. It includes millions of bibliographic citations and abstracts from
Village thousands of engineering journals and conference proceedings. When
combined with the Engineering Index Backfile (1884-1969), Compendex
covers well over 120 years of core engineering literature.

Inspec includes bibliographic citations and indexed abstracts from
publications in the fields of physics, electrical and electronic engineering,
communications, computer science, control engineering, information

INSPEC thru Engineering Village technology, manufacturing and mechanical engineering, operations research,
material science, oceanography, engineering mathematics, nuclear
engineering, environmental science, geophysics, nanotechnology,
biomedical technology, and biophysics.

A.2.1  Citation Management

Literature citations were downloaded into the EndNote X4 (Version 4) software. Thomson Reuters’
EndNote is an industry standard software tool for publishing and managing bibliographies on the
Windows and Macintosh desktop. Use of this tool enables the end user to manage reference document
citations and their corresponding full-text, when available, among other capabilities.

Many abstracting and indexing databases have very broad coverage, which results in individual
databases duplicating the content found in others. Duplicated bibliographic records were identified within
the EndNote library and removed. To enable real-time collaboration and sharing of the literature, the
EndNote library content was converted into an XML file and imported into a freely available citation
management tool, Mendeley. Mendeley is a free desktop and web solution designed for managing and
sharing research citations and papers and can be used for collaborating online. Mendeley enables the
research team to share research citations through the internet using a private group that can be accessed
using individual usernames/passwords from any computer, iPod touch, or iPad.
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A.2.2  Organization of Results

Our literature search resulted in the collection of over 2400 citations of published works on a variety
of subtopics within cognitive science and visual analysis. To help organize the collected works, we
performed an analysis of the collection with the assistance of IN-SPIRE™.’

As a first step in our analysis, we identified 36 papers that we felt were highly relevant to our task of
understanding both the cognitive aspects of VA and the taxonomic organization of visual analytic tools.
We processed these works as a dataset in IN-SPIRE and then used the Galaxy '’ view to explore the
clustering of the subset by topic.'' A visual inspection of the dataset (see Figure A.1) revealed several
distinct groupings of documents, as shown below.
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Figure A.1. IN-SPIRE Visualization of an Initial Set of 36 Papers

? IN-SPIRE™ analyzes a multitude of text files and determines key topics or themes in each to create a signature for
each document in the collection. More information at: http://in-spire.pnl.gov/index.stm.

' The Galaxy visualization uses the metaphor of the stars in the night sky with each star representing an individual
document.

" Four documents were removed from the analysis because they were not parsed properly by IN-SPIRE.
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Using the extracted keywords, we developed the following labels for the clusters:
e reasoning processes and discovery
o sensemaking
e taxonomies and frameworks
¢ insight and actions

e insight and theory.

Our next step was to analyze in some detail as many of the collected citations as possible, given time
and budget constraints. We had immediate access to 700 documents, including the 36 we identified earlier
as highly relevant. These 36 were not treated in any special way when processed with the larger collection
of documents; they were clustered normally with the others. Again, we removed a small number of
documents due to poor parsing. The resulting clusters overlapped with the previously obtained clusters,
particularly in clusters that we interpreted as reasoning, insight, and sensemaking. Clusters associated
with other keywords became more prominent in the larger dataset, especially those associated with
insight, creativity, and problem solving, cognition and insight, Information and Interaction Design, and
Insight and Visualization. Absent from the featured clusters of the larger dataset was a cluster
representing taxonomies and frameworks.

As a final step, we merged our two previous datasets to better understand where the original 36 highly
relevant documents were clustered in the larger dataset. Several keywords were again prominent in this
merged dataset, including reasoning and insight. Two separate clusters emerged to separate creativity
from problem solving. The original 36 highly relevant documents were all located in clusters with similar
topic keywords as their original clustering (see Figure A.2). Again, there were no clusters representing
“taxonomies and frameworks.” Instead, documents that we had earlier marked as “taxonomies and
frameworks” were clustered with other documents under new labels such as “data visualization” and
“visual analysis.” “Participants” and “Subjects” appeared as a keyword in the merged dataset; however,
as keywords they were included in several clusters and spread throughout the dataset, suggesting that
while experimental evaluation is an emerging theme in the literature, efforts are still disjointed and lack
unification or commonalities.
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Figure A.2. IN-SPIRE Visualization of the More Complete Set of Papers

A.3 Electronic Version of Sources

Currently, our collection of relevant citations is available in an EndNote library. This library can be
easily shared with others who have a recent copy of the software installed at their institution. However, a
long-term goal is to create an online repository of the information. This collection of citations and
abstracts could be organized with browse, search, and retrieval functionality and made available through
the web. Ideally, the content will be organized using a structured taxonomy to enhance faceted navigation
and retrieval. After addressing any copyright issues, this online repository would also be capable of
including materials such as conference papers or journal articles, before (preprints) and after (postprints)
undergoing peer review, and digital versions of grey literature, theses, and dissertations, all relevant to the
cognitive foundations of VA and information visualization. The overall goal of such an endeavor is to
continue the discussion on this topic with a wider audience and to make available source materials salient
to VA research.
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A.4 Annotated Works: Alphabetical Listing of Annotated Bibliography

Abdalhakim, H, and M Abdelfattah. 2009, "An Intelligent Visualized Decision Toolbox Ivdt for Muzzy
Decision Maker." In 2nd ISECS International Colloguium on Computing, Communication, Control and
Management (CCCM 2009), pp. 115-18.

The importance of decision support systems is still increasing. Decision problems to be solved are
often very complicated and require more powerful and often intelligent support tools. Sometimes, it is
useful to build an expertise set in some decision steps. Such situation can be met when operating on very
large databases and on solving complicated problems. However evolving a convenient intelligent
components with visualization aspects in IDSS are big challenges to be developed; but it would provide a
muzzy decision taker an insight, preference, and much capability during a decision choice. This paper opt
the advanced information visualization schemes for both decision's fact discovery and supporting decision
taking processes. It proposes a visualized toolbox for IDSS that integrates DSS and dynamic information
visualization within enterprise functionality. Finally this work formulates a viability of implementing
such toolbox and presents conclusions.

Abdalhakim, H, and M Abdelfattah. 2010, "A Visualization-Based Intelligent Decision Support System
Conceptual Model." In International Joint Conference on Computer, Information, Systems Sciences and
Engineering, pp. 353-58.

the development of Intelligent Decision Support Systems IDSS is till requiring much effort to cope
with both: the complexity of today decisions and daily flood of risky decisions. However evolving a
covenant intelligent components and visualization aspects in IDSS are big challenges to be developed; but
it would provide a muzzy decision taker an insight, preference, and much capability during a decision
choice. This paper opt the advanced information visualization schemes for both decision's fact finding and
decision taking processes. It proposes a conceptual model for IDSS that integrates DSS and dynamic
information visualization within enterprise functionality. And it has introduced a three-module IDSS
conceptual model that assembles a model base subsystem, fact finding subsystem, and dynamic
visualization subsystem as a practitioner solution. The paper will focus on information visualization as an
emerging computing relevant to be incorporated in order to model hidden facts in data and to expose such
patterns in a visual manner. Finally this work formulates a viability of implementing such architecture and
presents the conclusions.

Adamoli, A, and M Hauswirth. 2010, "Trevis : A Context Tree Visualization & Analysis Framework and
Its Use for Classifying Performance Failure Reports." In 5th ACM Symposium on Software Visualization
(SOFTVIS), pp. 73-82.

Adams, S, and AK Goel. 2007, "Making Sense of Vast Data." In Intelligence and Security Informatics
Conference, pp. 270-73.

We view sensemaking in threat analysis as abducing a story whose plot explains the current data and
makes predictions about the future. We have developed a preliminary computational system, called
STAB, that abduces stories from data. STAB abduces multiple competing hypotheses by retrieving and
instantiating story plots matching the current evidence. The story plots in STAB are represented as
processes with goals and states, and organized in an abstraction hierarchy. STAB analyzes the VAST-
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2006 dataset. Given the VAST data incrementally, STAB generates multiple explanatory hypotheses,
calculates their confidence values, and generates expectations about future data.

Adams, S, and AK Goel. 2007, "A Stab at Making Sense of Vast Data." In 44A41-2007 Workshop on Plan,
Activity, and Intent Recognition, pp. 1-8.

We view sensemaking in threat analysis as abducing a story whose plot explains the current data and
makes predictions about the future. We have developed a preliminary computational system, called
STAB, that abduces stories from data. STAB abduces multiple competing hypotheses by retrieving and
instantiating story plots matching the current evidence. The story plots in STAB are represented as
processes with goals and states, and organized in an abstraction hierarchy. STAB analyzes the VAST-
2006 dataset. Given the VAST data incrementally, STAB generates multiple explanatory hypotheses,
calculates their confidence values, and generates expectations about future data.

Addis, TR. 1990, "Knowledge and Machine Architectures." In IEE Colloquium on Symbols Versus
Neurons, pp. 1-9.

A paradigm is proposed based upon a taxonomy of knowledge; a taxonomy that has been strongly
influenced by the need to represent knowledge for machine processing. The importance of such a
paradigm is to show an equivalence of activity in all spheres of system design from knowledge systems to
machine architectures and thus open up the possibility of cross fertilization of techniques and a
redistribution of tasks across fields. Both these possibilities will improve the design of knowledge
systems within the framework of a rapidly evolving technology.

Adelson, B. 2010, In Press, "Task Analysis, Calculation and Approximation: The Work of Stuart K. Card,
2007 Bower Laureate in Computer & Cognitive Science for Human-Centered Computing." Journal of the
Franklin Institute.

In the early 1980s there was a large base of well-regarded cognitive theory--explaining human
cognition. Additionally, personal technology was increasingly a factor in the workplace, but it was
notoriously hard to use, leading to frustration rather than increased satisfaction and productivity [1], [2]
and [3]. In 1974 Stuart Card accompanied Allen Newell from Carnegie Mellon University to Xerox's
Palo Alto Research Center (PARC) to work on the problem of human-computer interaction. Newell
returned to CMU, but Card remained to become the founding manager of the User Interface Research
group. Card's first major work The Psychology of Human-Computer Interaction, was published in 1983.
It was undertaken to address the problems of usability by closing the gap between theory and technology.
It did this by providing a methodology for bringing theory to bear on application. The work served as a
foundation for research and development in human-computer interaction for the following 15 years.

Adistambha, K, et al. 2010, "Efficient Multimedia Query-by-Content from Mobile Devices." Computers
& Electrical Engineering 36(4):626-42.

The phenomenal growth in multimedia content has lead to the development of a variety of multimedia
description schemes, which can be used to facilitate querying of multimedia databases. In the increasingly
mobile environment of today, multimedia query formats need to be applicable to mobile devices, which,
compared to desktop PCs, have specific limitations such as small screen size, limited memory and
processing power and high bandwidth cost. As a potential solution to multimedia querying in mobile
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environments, this paper introduces two concepts: query streaming and its application as targeted
browsing. Targeted browsing is a technique for multimedia query-by-content designed especially for
mobile devices while query streaming is a method for continually updating a query by sending additional
terms to an existing query. This paper describes an implementation of query streaming that combines the
Multimedia Query Format (MQF) (a standard communication language for querying multimedia
databases) with Fragment Request Units (FRU) and Fragment Update Units (FUU) (which provide a
standard way of randomly accessing fragments of XML documents). For efficient compression of the
multimedia query XML files, the use of binary compression using MPEG BiM is proposed and a number
of use case scenarios are examined. Results show that the proposed solution to provide a significant
reduction in the file size required to perform multimedia querying.

Adnan, WAW, NGN Daud, and NLM Noor. 2008, "Expressive Information Visualization Taxonomy for
Decision Support Environment." In 2008 Third International Conference on Convergence and Hybrid
Information Technology, pp. 88-93.

Adnan, WW, N MdNoor, and R Aripin. 2007, "An Experimental Evaluation of Information Visualization
Techniques and Decision Style." in Lecture Notes in Computer Science, ed. JA Jacko, Vol 4551, pp. 143-
50.

This study aims to investigate the extent to which information visualization (IV) techniques and
decision style affect decision performance and user preferences in a decision support environment. The
study adopted an experimental method. Findings from this study provide theoretical, empirical and
practical contributions. The results showed that there were significant differences in decision performance
and user preference across IV techniques and decision style. The findings have important implications for
the decision support system (DSS) designers, and provide important research issues for future work.

Aftandilian, EE, et al. 2010, "Heapviz : Interactive Heap Visualization for Program Understanding and
Debugging." In 5th ACM Symposium on Software Visualization (SOFTVIS), pp. 53-62.

Aftandilian, EE, SL Su, and SZ Guyer. 2010, "Heapviz : A Programmer ’ S Tool for Data Structure
Visualization." In VISWEEK (interactive demo), pp. 1-2.

Agrawala, M, C Stolte, and ACM Acm. 2001, "Rendering Effective Route Maps: Improving Usability
through Generalization." In ACM SIGGRAPH Conference, pp. 241-50.

Route maps, which depict a path from one location to another, have emerged as one of the most
popular applications on the Web. Current computer-generated route maps, however, are often very
difficult to use. In this paper we present a set of cartographic generalization techniques specifically
designed to improve the usability of route maps. Our generalization techniques are based both on
cognitive psychology research studying how route maps are used and on an analysis of the generalizations
commonly found in handdrawn route maps. We describe algorithmic implementations of these
generalization techniques within LineDrive, a real-time system for automatically designing and rendering
route maps. Feedback from over 2200 users indicates that almost all believe LineDrive maps are
preferable to using standard computer-generated route maps alone.
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Ahlqvist, O. 2008, "Extending Post-Classification Change Detection Using Semantic Similarity Metrics
to Overcome Class Heterogeneity: A Study of 1992 and 2001 U.S. National Land Cover Database
Changes." Remote Sensing of Environment 112(3):1226-41.

The use of post-classification change methods for the analysis of land cover change provides intuitive
and potentially reliable results. A recurring problem is the difference in land cover nomenclature that can
occur over time or across space when multiple data sources are required. Building on work that uses
category semantics as a foundation for reasoning with land cover classes, this paper uses a fuzzy sets
based approach to develop attribute based prototype definitions of land cover classes. These formalized
category descriptions are used to look at land cover changes as a semantic change evaluated through
semantic similarity metrics. The methodology is illustrated on the U.S. National Land Cover Data from
1992 to 2001 over Chester County, PA. The results demonstrate that the proposed method is more
versatile than the standard post-classification method in that it can both provide an overall, spatially
explicit evaluation of land cover change, as well as nuanced assessments of graded changes for
heterogeneous land cover types.

Ahlstrom, U, and FJ Friedman-Berg. 2006, "Using Eye Movement Activity as a Correlate of Cognitive
Workload." International Journal of Industrial Ergonomics 36(7):623-36.

In the present study, we investigated the effect on air traffic controller operations and workload from
the use of weather displays. Specifically, we assessed the impact on severe weather avoidance, controller
efficiency, controller-pilot communications, and the safety of airspace operations when controllers
managed traffic during adverse weather conditions. The results showed a significant impact on controller
efficiency from the use of weather displays with an increase in sector throughput by up to 10%. We found
no significant effects of weather displays on severe weather avoidance, controller communications, and
subjective workload ratings. However, using eye movement activity measures that correlate with
cognitive workload, we found significantly shorter blink durations when controllers operated traffic in
conditions lacking a weather display, indicating a higher workload level during these conditions. Also, the
mean pupil diameter was significantly larger when controllers used a static storm forecast tool compared
to when controllers used a dynamic forecast tool, indicating a higher workload level during the use of
static tools. We conclude that eye movement activity measures can provide a more sensitive measure of
controller workload, and that subjective ratings might not capture more transient fluctuations in workload
levels during system or display interactions.Relevance to industry Using real-time eye movement activity
measures, designers can better evaluate changes in operator workload during the design and evaluation of
complex systems. If we can detect workload-inducing conditions early in the design process, we can
improve the design, optimize operator workload, and reduce developmental costs.

Ahn, JW, and P Brusilovsky. 2009, "Adaptive Visualization of Search Results: Bringing User Models to
Visual Analytics." Information Visualization 8(3):167-79.

Adaptive visualization is a new approach at the crossroads of user modeling and information
visualization. Taking into account information about a user, adaptive visualization attempts to provide
user-adapted visual presentation of information. This paper proposes Adaptive VIBE, an approach for
adaptive visualization of search results in an intelligence analysis context. Adaptive VIBE extends the
popular VIBE visualization framework by infusing user model terms as reference points for spatial
document arrangement and manipulation. We explored the value of the proposed approach using data
obtained from a user study. The result demonstrated that user modeling and spatial visualization
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technologies are able to reinforce each other, creating an enhanced level of user support. Spatial
visualization amplifies the user model's ability to separate relevant and non-relevant documents, whereas
user modeling adds valuable reference points to relevance-based spatial visualization. © 2009 Palgrave
Macmillan.

Ahn, J-w, et al. 2010, "Semantic Annotation Based Exploratory Search for Information Analysts."
Information Processing & Management 46(4):383-402.

The system presented in this article aims to improve information access through the use of semantic
annotation utilizing a non-traditional approach. Instead of applying semantic annotations to enhance the
internal information access mechanisms, we use them to empower the user of an information access
system through an innovative named entity-based user interface - NameSieve. NameSieve was built to
support an intelligence analyst during the process of exploratory search, an advanced type of search
requiring multiple iterations of retrieval interleaved with browsing and analyzing the retrieved
information. The proposed approach was implemented in the NameSieve system so that the system can
transparently present a summary of search results in the form of entity "clouds." Therefore, these clouds
allow the analyst to further explore the results in a novel manner, acting together as a faceted browsing
interface. We ran a user study (with ten subjects) to examine the effect of NameSieve, and the study
results reported in the paper demonstrate that this new way of applying semantic annotation information
was actively used and was evaluated positively by the subjects. It enabled the subjects to work more
productively and bring back most relevant documents.

Ahonen-Rainio, P, and K Menno-Jan. 2005, "Towards Multi-Variate Visualization of Metadata
Describing Geographic Information." in Exploring Geovisualization, eds. D Jason, MM Alan and
K Menno-Jan, pp. 611-25. Elsevier, Oxford.

Summary A visual environment is proposed for the exploratory use of metadata relating to
geographic datasets. Metadata has a prominent role when acquiring geographic data for solving spatial
problems. Users need metadata only occasionally but when they do, they should be able to use metadata
to decide how well the available datasets meet the needs of the intended use. This decision can be
supported by interactive exploration of metadata in such a way that different characteristics of datasets
can be studied simultaneously. Multi-variate visualization techniques such as the parallel coordinates plot,
the scatter plot matrix, star plots and Chernoff faces convey different aspects of the metadata. A working
prototype of a visualization environment for metadata is drafted. It combines the multi-variate
visualization methods with a map of the region of interest, browse graphics and textual metadata in
multiple linked views.

Aigner, W. 2009, "Assessing the Role and Value of Interactivity in Visual Business Intelligence - a User's
Perspective." Vol MSc, pp. 1-103. Danube University, Krems.

The development and success of many organizations to a large extent depend on how well and how
timely they manage to gain insight into collected data. Business Intelligence (BI) provides methods for
analyzing business-critical information and supports decision-making processes. But the ever growing
amounts of data and information clearly overwhelm traditional manual methods of data analysis such as
spreadsheets, standard reporting or simple diagrams. One possibility to face this problem is Information
Visualization (InfoVis). By utilizing the powerful human perceptual system that is extremely efficient in
processing visual input, visualization, for example, can help to make sense of data, explore complex
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information spaces or spot patterns and relationships within the data. Interactivity or the possibility to
engage in an active discourse with the representation lies at the core of Information Visualization.
However, empirical evidence and detailed approaches to model the concept of interactivity are largely
missing in research today. This thesis is a first step towards bridging this gap and approaching the concept
of interactivity more in depth. In order to do so, a twofold approach was chosen. First, the concept of
interactivity was investigated from a theoretical point of view. In particular, cognitive theories and models
were analyzed in order to determine their ability to explain and predict the value and role of interactivity
in visual methods. Second, a qualitative empirical study was conducted among six IT-managers working
in the field of Business Intelligence to assess the current practice at work concerning visual methods and
interactivity. The main results are that cognitive theories and models do not explicitly account for the role
of interactivity but rather concentrate on modeling the elements of a cognitive system and explaining how
these entities interact with each other to achieve a certain goal. How different types of interactivity
influence these processes is usually not part of the theories, and the effect of interactivity on cognitive
processes was hardly ever mentioned. Apart from that, the empirical study showed that interactive visual
methods in the area of Business Intelligence aren’t used very often. One of the main reasons reported is
the fact that visualization is still two steps ahead and at the moment mostly more basic problems
concerning data gathering, data modeling and data quality prevail. Moreover, most users are used to work
with numbers and tables and are not aware of the possibilities in terms of visualization. However, the
interviewed IT-managers acknowledged that using more interactive visual methods in Business
Intelligence would be beneficial for users. vii

Aigner, W, A Bertone, and S Miksch. 2007, "Tutorial: Introduction to Visual Analytics." In
3" Symposium of the Workgroup Human-Computer Interaction and Usability Engineering of the Austrian
Computer Society, pp. 453-56.

Visual Analytics is an emerging area of research and practice that aims for supporting analytical
reasoning by interactive visual interfaces. The basic idea is the integration of the outstanding capabilities
of humans in terms of visual information exploration and the enormous processing power of computers to
forma powerful knowledge discovery environment. In the course of our half-day tutorial we will
introduce this multi-disciplinary field by discussing its key issues of analytical reasoning, perception &
cognition, visualization interaction, computation mining, the visual analysis process, and show potential
application areas.

Aigner, W, and S Miksch. 2006, "Carevis: Integrated Visualization of Computerized Protocols and
Temporal Patient Data." Artificial Intelligence in Medicine 37(3):203-18.

SummaryObjective Currently, visualization support for patient data analysis is mostly limited to the
representation of directly measured data. Contextual information on performed treatment steps is an
important source to find reasons and explanations for certain phenomena in the measured patient data, but
is mostly spared out in the analysis process. This work aims to fill this gap via integrating classical data
visualization and visualization of treatment information.Methods and material We considered temporal as
well as logical data aspects and applied a user-centered development approach that was guided by user
input gathered via a user study, design reviews, and prototype evaluations. Furthermore, we investigated
the novel PlanningLine glyph, that is used to represent plans in the temporal domain, via a comparative
empirical user study.Results Our interactive visualization approach CareVis provides multiple
simultaneous views to cover different aspects of the complex underlying data structure of treatment plans
and patient data. The tightly coupled views use visualization methods well-known to domain experts and
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are designed to facilitate users' tasks. The views are based on the concepts of clinical algorithm maps and
LifeLines which have been extended in order to cope with the powerful and expressive plan
representation language Asbru. Initial feedback of physicians was encouraging and is accompanied by
empirical evidence which verifies that PlanningLines are well suited to manage temporal
uncertainty.Conclusion The interactive integration of different visualization methods forms a novel way
of combining, relating, and analyzing different kinds of medical data and information that otherwise
would be separated.

Aigner, W, and S Miksch. 2004, "Supporting Protocol-Based Care in Medicine Via Multiple Coordinated
Views." In 2nd International Conference on Coordinated and Multiple Views in Exploratory
Visualization, pp. 118-29.

Computer supported protocol-based care aims to aid physicians in the treatment process. The main
focus of current research is directed towards the formal methods and representations used "behind the
scenes" of such systems. This work on the contrary, is situated at the human end of the human-machine
chain. We describe the development of interactive visualization methods to support protocol-based care.
We provide multiple simultaneous views to cover different aspects of a complex underlying data structure
of treatment plans and patient data. The tightly coupled views use visualization methods well-known to
domain experts and are designed to facilitate users' tasks. The views are based on the concepts of clinical
algorithm maps and Lifelines which have been extended in order to cope with the powerful and
expressive plan representation language Asbru. The user-centered development approach applied for
these interactive visualization methods has been guided by user input gathered via a user study, design
reviews, and prototype evaluations.

Aigner, W, et al. 2007, "Visualizing Time-Oriented Data--a Systematic View." Computers & Graphics
31(3):401-09.

The analysis of time-oriented data is an important task in many application scenarios. In recent years,
a variety of techniques for visualizing such data have been published. This variety makes it difficult for
prospective users to select methods or tools that are useful for their particular task at hand. In this article,
we develop and discuss a systematic view on the diversity of methods for visualizing time-oriented data.
With the proposed categorization we try to untangle the visualization of time-oriented data, which is such
an important concern in Visual Analytics. The categorization is not only helpful for users, but also for
researchers to identify future tasks in Visual Analytics.

Aktas, RN, and V Cortes. 2008, "Shell Nouns as Cohesive Devices in Published and Esl Student
Writing." Journal of English for Academic Purposes 7(1):3-14.

This paper analyzes the use of a special type of unspecific noun, called shell nouns [Hunston, S., &
Francis, G. (1999). Pattern grammar. Amsterdam: Benjamins; Schmid, H. (2000). English abstract nouns
as conceptual shells: From corpus to cognition. Berlin: Walter de Gruyter], which are frequently used as
cohesive devices, in the written production of published scientists and international graduate students.
These nouns act like "shells" because when they are used in this function, they can enclose or anticipate
the meaning of the preceding or succeeding discourse. Using a corpus-based methodology and
quantitative and qualitative procedures, our study analyzes the frequency of some of these shell nouns, the
different lexico-grammatical patterns in which they occur, and the functions associated with these
patterns. The result of this study indicates that students used some of these nouns more frequently than
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published authors and that the functional patterns in which these nouns were used varied between the two
groups of writers. These results provide valuable information that can be directly applied to English for
Academic Purposes (EAP) instruction.

Albers, D. 2010, "Poster: Perceptual Principles for Scalable Sequence Alignment Visualization." In
7" Symposium on Applied Perception in Graphics and Visualization, pp. 1-2.

Sequence comparison is a fundamental task in the biological sciences. Scientists often need to
understand the similarities and differences between genetic sequences to understand evolution, to infer
common function, or identify differences. Because the sequences are too long for manual examination,
scientists rely on alignment tools that automatically identify subsequences that match between the
sequences being compared. Numerous approaches for displaying and exploring alignments exist, and
have been incorporated into a wide variety of tools. See [Procter et al. 2010] for a survey of several
existing approaches.

Albrecht, B, et al. 2010, "An Automatic Layout Algorithm for Bpel Processes." In 5th ACM Symposium
on Software Visualization (SOFTVIS), pp. 173-82.

Albu, AB, et al. 2007, "Spatio-Temporal Modeling of Neural Source Activation from Eeg Data." In
20™ Annual Canadian Conference on Electrical and Computer Engineering, pp. 1014-17.

This paper proposes a new computer-vision based information visualization paradigm for the
electrophysiological study of face recognition. The proposed approach first generates video sequences of
voltage maps from EEG data. Next, projections of active sources are detected in each frame using colour
information and spatiotemporal consistency. The evolution of source activation is thus translated into a
deformable motion of 2D patterns. Hence, the last step of the proposed approach builds a new motion
representation, called the Spatio-Temporal Activation Response (STAR), which extracts stimulus- and
subject-specific information about neural source activations occurring during the experiment. It is shown
that STAR is able to capture relevant information about differences in the cognitive representations
elicited by two different visual stimuli.

Albuquerque, G, and DJ Lehmann. 2010, "Improving the Visual Analysis of High-Dimensional Datasets
Using Quality Measures." In /[EEE Symposium on Visual Analytics Science & Technology, pp. 19-26.

Modern visualization methods are needed to cope with very high dimensional data. Efficient visual
analytical techniques are required to extract the information content in these data. The large number of
possible projections for each method, which usually grow quadratically or even exponentially with the
number of dimensions, urges the necessity to employ automatic reduction techniques, automatic sorting
or selecting the projections, based on their information bearing content. Different quality measures have
been successfully applied for several specified user tasks and established visualization techniques, like
Scatterplots, Scatterplot Matrices or Parallel Coordinates. Many other popular visualization techniques
exist, but due to the structural differences, the measures are not directly applicable to them and new
approaches are needed. In this paper we propose new quality measures for three popular visualization
methods: Radviz, Pixel-Oriented Displays and Table Lenses. Our experiments show that these measures
efficiently guide the visual analysis task.
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Alim, U, T Moéller, and L Condat. 2010, "Gradient Estimation Revitalized." IEEE Transactions on
Visualization and Computer Graphics 16(6):1495-504.

We investigate the use of a Fourier-domain derivative error kernel to quantify the error incurred while
estimating the gradient of a function from scalar point samples on a regular lattice. We use the error
kernel to show that gradient reconstruction quality is significantly enhanced merely by shifting the
reconstruction kernel to the centers of the principal lattice directions. Additionally, we exploit the
algebraic similarities between the scalar and derivative error kernels to design asymptotically optimal
gradient estimation filters that can be factored into an infinite impulse response interpolation prefilter and
a finite impulse response directional derivative filter. This leads to a significant performance gain both in
terms of accuracy and computational efficiency. The interpolation prefilter provides an accurate scalar
approximation and can be re-used to cheaply compute directional derivatives on-the-fly without the need
to store gradients. We demonstrate the impact of our filters in the context of volume rendering of scalar
data sampled on the Cartesian and Body-Centered Cubic lattices. Our results rival those obtained from
other competitive gradient estimation methods while incurring no additional computational or storage
overhead.

Allan, J, et al. 2001, "Evaluating Combinations of Ranked Lists and Visualizations of Inter-Document
Similarity." Information Processing & Management 37(3):435-58.

Allendoerfer, K, et al. 2005, "Adapting the Cognitive Walkthrough Method to Assess the Usability of a
Knowledge Domain Visualization." In /IEEE Symposium on Information Visualization, pp. 195-202.

The usability of knowledge domain visualization (KDViz) tools can be assessed at several levels.
Cognitive Walkthrough (CW) is a well-known usability inspection method that focuses on how easily
users can learn software through exploration. Typical applications of CW follow structured tasks where
user goals and action sequences that lead to achievement of the goals are well-defined. KDViz and other
information visualization tools, however, are typically designed for users to explore data and user goals
and actions are less well understood. In this paper, we describe how the traditional CW method may be
adapted for assessing the usability of these systems. We apply the adapted version of CW to CiteSpace, a
KDViz tool that uses bibliometric analyses to create visualizations of scientific literatures. We describe
usability issues identified by the adapted CW and discuss how CiteSpace supported the completion of
tasks, such as identifying research fronts, and the achievement of goals. Finally, we discuss improvements
to the adapted CW and issues to be addressed before applying it to a wider range of KDViz tools.

Alm, I, and I Johansson. 2001, "Cognitive Aspects in Visualisation of Complex Data." In International
Conference on Imaging Science, Systems, and Technology (CISST 2001), pp. 633-38.

Information Visualization applications are dealing with fundamental difficulties related to overlap in
cognitive models between designers and users, goal ambiguity, and accuracy in search strategies These
difficulties are more obvious in applications aimed at reducing information overload by general users,
than in applications aimed at visualising scientific data. General users have very likely quite different
cognitive reference for approaching an abstract complex task, than designers. This can result in designs
which can unintentionally increase information overload by users. In visualisation of scientific data the
overlap of cognitive reference between specialists and designs is very likely much higher, but we need
methods which can facilitate data exploration in real-time interaction. One possibility to facilitate

A.14



exploration in a more or less systematic way is by means of metaphors which can support human
perception in searching for patterns.

Almeida, MG. 1998, "Diversity of Edge Information Using Complementary Filter Banks Analysis." In
IEEE Conference on Information Visualization, pp. 166-71.

We present the complementary filter (CF) banks, a signal processing technique for image processing.
The two-dimensional (2D) multirate signal processing theory and complementary filter properties are the
base of CF bank design. Procedures to design nonseparable complementary filters for an alias free
decimation are presented. The conditions under which perfect reconstruction is achieved with 2-channel
bank of filters, using complementary filters are given. Perfect reconstruction is guaranteed when a CF
bank is implemented using a quincunx filter and sampling and although no perfect reconstruction for
others methods, the analysis and synthesis are performed free of aliasing. We show that CF banks and
Wavelet representation are related. The CF banks are implemented with images and their performance is
analyzed. The CF banks were applied for edge detection and examples of diversity in edge information
obtained for different types of filtering are shown

Almendros-Jiménez, JM, and L Iribarne. 2008, "An Extension of Uml for the Modeling of Wimp User
Interfaces." Journal of Visual Languages & Computing 19(6):695-720.

The Unified Modeling Language (UML) [OMG, Unified Modeling Language Specification, Version
2.0, Technical Report, Object Management Group
<http://www.omg.org/technology/documents/formal/uml.htm>, 2005] provides system architects working
on analysis and design (A&D) with one consistent language for specifying, visualizing, constructing, and
documenting the artifacts of software systems, as well as for the business modeling. The user interface
(UD), as a significant part of most applications, should be modeled using UML, and automatic CASE tools
may help to generate Uls from UML designs. In this paper, we describe how to use and specialize UML
diagrams in order to describe the Uls of a software system based on WIMP (Windows, Icons, Menus and
Pointers). Use case diagrams are used for extracting the main Uls. Use cases are described by means of
user-interaction diagrams, a special kind of activity diagrams in which states represent data output actions
and transitions represent data input events. Input and output interactions in the user-interaction diagrams
help the designer to extract the Ul components used in each UL. We obtain a new and specialized version
of the use case diagram for the UI modeling (called Ul diagram) and a class diagram for Ul components--
called Ul-class diagram. The user-interaction, Ul and Ul-class diagrams, can be seen as the UML-based
UI models of the system. Finally, UI prototypes can be generated from Ul-class diagrams with CASE tool
support. As case study of our technique, we will describe an Internet book shopping system.

Alpert, SR. 2005, "Comprehensive Mapping of Knowledge and Information Resources: The Case of
Webster." In International Workshop on Visual Artefacts for the Organization of Information and
Knowledge, Searching for Synergies, pp. 220-37.

To maximize the representational and pedagogical effectiveness of computer-based concept maps,
such maps should be able to incorporate any sort of media that can be represented in the computational
environment. This chapter proposes cognitive and educational rationale for this thesis, and discusses an
instantiation of these ideas in the form of a Web-based concept mapping tool named Webster. Webster
permits broad flexibility in terms of the kinds of knowledge and information that may be represented and
the structuring of their visual presentation. One result of this approach is the integration of knowledge
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visualization and information visualization in a single representational medium. These facilities also make
Webster a convenient tool for personal knowledge management, facilitating individual organization of
knowledge and external knowledge and information resources for reference and learning purposes.

Alsakran, J. 2010, "Poster : Visual Analysis of Stream Texts with Keywords Significance." In [EEE
Symposium on Information Visualization, pp. 3-4.

Amar, R, J Eagan, and J Stasko. 2005, "Low-Level Components of Analytic Activity in Information
Visualization." In IEEE Symposium on Information Visualization, pp. 111-17.

Existing system level taxonomies of visualization tasks are geared more towards the design of
particular representations than the facilitation of user analytic activity. We present a set of ten low level
analysis tasks that largely capture people's activities while employing information visualization tools for
understanding data. To help develop these tasks, we collected nearly 200 sample questions from students
about how they would analyze five particular data sets from different domains. The questions, while not
being totally comprehensive, illustrated the sheer variety of analytic questions typically posed by users
when employing information visualization systems. We hope that the presented set of tasks is useful for
information visualization system designers as a kind of common substrate to discuss the relative analytic
capabilities of the systems. Further, the tasks may provide a form of checklist for system designers.

Amar, R, and J Stasko. 2004, "Best Paper: A Knowledge Task-Based Framework for Design and
Evaluation of Information Visualizations." In IEEE Symposium on Information Visualization, pp. 143-50.

The design and evaluation of most current information visualization systems descend from an
emphasis on a user's ability to "unpack" the representations of data of interest and operate on them
independently. Too often, successful decision-making and analysis are more a matter of serendipity and
user experience than of intentional design and specific support for such tasks; although humans have
considerable abilities in analyzing relationships from data, the utility of visualizations remains relatively
variable across users, data sets, and domains. In this paper, we discuss the notion of analytic gaps, which
represent obstacles faced by visualizations in facilitating higher-level analytic tasks, such as decision-
making and learning. We discuss support for bridging the analytic gap, propose a framework for design
and evaluation of information visualization systems, and demonstrate its use

Amar, RA, and JT Stasko. 2005, "Knowledge Precepts for Design and Evaluation of Information
Visualizations." Visualization and Computer Graphics, IEEE Transactions on 11(4):432-42.

The design and evaluation of most current information visualization systems descend from an
emphasis on a user's ability to "unpack" the representations of data of interest and operate on them
independently. Too often, successful decision-making and analysis are more a matter of serendipity and
user experience than of intentional design and specific support for such tasks; although humans have
considerable abilities in analyzing relationships from data, the utility of visualizations remains relatively
variable across users, data sets, and domains. In this paper, we discuss the notion of analytic gaps, which
represent obstacles faced by visualizations in facilitating higher-level analytic tasks, such as decision-
making and learning. We discuss support for bridging these gaps, propose a framework for the design and
evaluation of information visualization systems, and demonstrate its use.
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Ament, M, D Weiskopf, and H Carr. 2010, "Direct Interval Volume Visualization." IEEE Transactions on
Visualization and Computer Graphics 16(6):1505-14.

We extend direct volume rendering with a unified model for generalized isosurfaces, also called
interval volumes, allowing a wider spectrum of visual classification. We generalize the concept of scale-
invariant opacity&#8212;typical for isosurface rendering&#8212;to semi-transparent interval volumes.
Scale-invariant rendering is independent of physical space dimensions and therefore directly facilitates
the analysis of data characteristics. Our model represents sharp isosurfaces as limits of interval volumes
and combines them with features of direct volume rendering. Our objective is accurate rendering,
guaranteeing that all isosurfaces and interval volumes are visualized in a crack-free way with correct
spatial ordering. We achieve simultaneous direct and interval volume rendering by extending
preintegration and explicit peak finding with data-driven splitting of ray integration and hybrid
computation in physical and data domains. Our algorithm is suitable for efficient parallel processing for
interactive applications as demonstrated by our CUDA implementation.

Amershi, S, et al. 2008, "Pedagogy and Usability in Interactive Algorithm Visualizations: Designing and
Evaluating Cispace." Interacting with Computers 20(1):64-96.

Interactive algorithm visualizations (AVs) are powerful tools for teaching and learning concepts that
are difficult to describe with static media alone. However, while countless AVs exist, their widespread
adoption by the academic community has not occurred due to usability problems and mixed results of
pedagogical effectiveness reported in the AV and education literature. This paper presents our
experiences designing and evaluating Clspace, a set of interactive AVs for demonstrating fundamental
Artificial Intelligence algorithms. In particular, we first review related work on AVs and theories of
learning. Then, from this literature, we extract and compile a taxonomy of goals for designing interactive
AVs that address key pedagogical and usability limitations of existing AVs. We advocate that
differentiating between goals and design features that implement these goals will help designers of AVs
make more informed choices, especially considering the abundance of often conflicting and inconsistent
design recommendations in the AV literature. We also describe and present the results of a range of
evaluations that we have conducted on Clspace that include semi-formal usability studies, usability
surveys from actual students using Clspace as a course resource, and formal user studies designed to
assess the pedagogical effectiveness of Clspace in terms of both knowledge gain and user preference. Our
main results show that (i) studying with our interactive AVs is at least as effective at increasing student
knowledge as studying with carefully designed paper-based materials; (ii) students like using our
interactive AV's more than studying with the paper-based materials; (iii) students use both our interactive
AV and paper-based materials in practice although they are divided when forced to choose between
them; (iv) students find our interactive AVs generally easy to use and useful. From these results, we
conclude that while interactive AVs may not be universally preferred by students, it is beneficial to offer a
variety of learning media to students to accommodate individual learning preferences. We hope that our
experiences will be informative for other developers of interactive AVs, and encourage educators to
exploit these potentially powerful resources in classrooms and other learning environments.

Amirkhanov, A, et al. 2010, "Visual Optimality and Stability Analysis of 3dct Scan Positions." IEEE
Transactions on Visualization and Computer Graphics 16(6):1477-86.

Industrial cone-beam X-Ray computed tomography (CT) systems often face problems due to artifacts
caused by a bad placement of the specimen on the rotary plate. This paper presents a visual-analysis tool
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for CT systems, which provides a simulation-based preview and estimates artifacts and deviations of a
specimen's placement using the corresponding 3D geometrical surface model as input. The presented tool
identifies potentially good or bad placements of a specimen and regions of a specimen, which cause the
major portion of artefacts. The tool can be used for a preliminary analysis of the specimen before CT
scanning, in order to determine the optimal way of placing the object. The analysis includes: penetration
lengths, placement stability and an investigation in Radon space. Novel visualization techniques are
applied to the simulation data. A stability widget is presented for determining the placement parameters'
robustness. The performance and the comparison of results provided by the tool compared with real world
data is demonstrated using two specimens.

Amitani, S, Z Bilda, and E Edmonds. 2008, "Our Content: Generative Montage Methods for Multimedia
Data." Design Studies 29(6):572-86.

The concept underlying the research reported in this paper is that of a semi-automatic system with
which groups of distributed users interact, primarily by exchanging multimedia data such as short sound
recordings, photographs or video clips taken with mobile phones. The generative website is a place where
the public can post their own contents such as articles and videos, and then the website generates possible
and meaningful sequences of that data by combining the content provided in an interesting and
stimulating way. The paper describes the interaction concept, the algorithms for the generative website
and an implementation. An evaluation of user experience with the prototype system is also presented. The
overall aim of this research is to design and develop methods for interactive generative systems as
stimulants to human creativity and it is claimed that this aim is advanced by the research reported.

Ampatzoglou, A, and I Stamelos. 2010, "Software Engineering Research for Computer Games: A
Systematic Review." Information and Software Technology 52(9):888-901.

Context Currently, computer game development is one of the fastest growing industries in the
worldwide economy. In addition to that, computer games are rapidly evolving in the sense that newer
game versions arrive in a very short interval. Thus, software engineering techniques are needed for game
development in order to achieve greater flexibility and maintainability, less cost and effort, better design,
etc. In addition, games present several characteristics that differentiate their development from classical
software development. Objective This study aims to assess the state of the art on research concerning
software engineering for computer games and discuss possible important areas for future research.
Method We employed a standard methodology for systematic literature reviews using four well known
digital libraries. Results Software engineering for computer games is a research domain that has doubled
its research activity during the last 5 years. The dominant research topic has proven to be requirements
engineering, while topics such as software verification and maintenance have been neglected up to now.
Conclusion The results of the study suggest that software engineering for computer games is a field that
embraces many techniques and methods from conventional software engineering and adapts them so as to
fit the specific requirements of game development. In addition to that, the study proposes the employment
of more elaborate empirical methods, i.e., controlled experiments and case studies, in game software
engineering research, which, have not been extensively used up to now.
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Amrani, M, and B Shariat. 2000, "Deformable Organs Modeling with Multi Layer Particle Systems." In
IEEE International Conference on Information Visualization, pp. 351-56.

We describe a general methodology for reconstruction and animation of volumetric deformable
objects. In the scope of a medical application, we want to simulate the motion and the form alteration of
the internal anatomical organs. Multi-layer particle systems are well adapted to represent the geometry.
However, several problems occur related to the structure of our model and the nature of internal forces.
For this, we have introduced the necessary tools to overcome these problems and to handle the dynamic
and deformable behavior of cancerous tissues and organs. Our particle system seems to be suitable to be
integrated in radiation dose evaluation software, developed within the European BIOMED2-ARROW
project by North Western Medical Physics team, in Manchester

Anand, MK, S Bowers, and B Lud. 2010, "Provenance Browser : Displaying and Querying Scientific
Workflow Provenance Graphs." In 26¢h International Conference on Data Engineering (ICDE), pp. 3-6.

This demonstration presents an interactive prove- nance browser for visualizing and querying data
dependency (lineage) graphs produced by scientific workflow runs. The browser allows users to explore
different views of provenance as well as to express complex and recursive graph queries through a high-
level query language (QLP). Answers to QLP queries are lineage preserving in that queries return sets of
lineage dependencies (denoting provenance graphs), which can be further queried and visually displayed
(as graphs) in the browser. By combining provenance visualization, navigation, and query, the
provenance browser can enable scientists to more easily access and explore scientific workflow
provenance information.

Anderson, DE, et al. 2007, "Stl and Local Regression for Modeling Disease Surveillance Counts." In
6" Annual Conference, International Society for Disease Surveillance.

Andrews, K. 2006, "Evaluating Information Visualisations." In AVI workshop on BEyond time and
errors: novel evaluation methods for information visualization, pp. 1-5.

Andrews, K, W Putz, and A Nussbaumer. 2007, "The Hierarchical Visualisation System (Hvs)." In
11™ International Conference Information Visualization, pp. 257-62.

Numerous techniques have been developed for visualising hierarchically structured information. This
paper presents a new framework for the visualisation of hierarchies called the hierarchical visualisation
system (HVS). HVS is a general framework implemented in Java. It provides a synchronised, multiple
view environment for visualising, exploring and managing large hierarchies. HVS reads hierarchies either
from the file system or from TreeML files. Eleven hierarchy browsers have so far been implemented
within HVS, including: traditional tree views, the classic Walker tree layout, information pyramids,
treemaps, a hyperbolic browser, sunburst, and cone trees. In addition to being a tool to explore and
manage hierarchies, HVS was also designed to provide a platform for the empirical evaluation and
comparison of different hierarchy browsers. The hierarchical visualisation testing environment (HVTE) is
a semi-automated testing environment built on top of HVS. HVTE is being used for a series of
comparative studies of hierarchy browsers.
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Andrienko, G, and N Andrienko. 2010, "Poster : Dynamic Time Transformation for Interpreting Clusters
of Trajectories with Space-Time Cube." In /EEE Symposium on Information Visualization.

Andrienko, G, et al. 2005, "Creating Instruments for Ideation: Software Approaches to Geovisualization."
in Exploring Geovisualization, eds. D Jason, MM Alan and K Menno-Jan, pp. 101-25. Elsevier, Oxford.

Summary New visualization techniques are frequently demonstrated and much academic effort goes
into the production of software tools to support visualization. Here, the authors of subsequent chapters in
this section identify reasons why they continue to enhance and develop the instruments that they design to
support the process of geovisualization, justifying their ongoing work and in doing so offering some
perspectives on and solutions to the issues that they address. A number of inter-related themes arise
including: advances in technology that create opportunities and generate demands for new
geovisualization solutions; increasingly rich data sets and sources that drive design due to the associated
potential for revealing new structures and relationships; various and novel tasks to which geovisualization
is being applied associated with debate and continuing research concerning the kinds of instrument that
are required to best undertake particular tasks in particular conditions; an increasingly diverse set of users
who require a variety of tools, environments and systems to support ideation in its numerous forms,
including those who participate in simulations of visualization when learning; changes in the available
expertise that prompt the development of ideas and instruments that borrow from advances and methods
in cognate disciplines such as Cognitive science, Statistics, Information Visualization, Knowledge
Discovery and Datamining (KDD), Human-Computer Interaction and Scientific Visualization.

Andrienko, G, et al. 2007, "Geovisual Analytics for Spatial Decision Support: Setting the Research
Agenda." International Journal of Geographical Information Science 21(8):839-57.

This article summarizes the results of the workshop on Visualization, Analytics & Spatial Decision
Support, which took place at the GIScience conference in September 2006. The discussions at the
workshop and analysis of the state of the art have revealed a need in concerted cross-disciplinary efforts
to achieve substantial progress in supporting space-related decision making. The size and complexity of
real-life problems together with their ill-defined nature call for a true synergy between the power of
computational techniques and the human capabilities to analyze, envision, reason, and deliberate. Existing
methods and tools are yet far from enabling this synergy. Appropriate methods can only appear as a result
of a focused research based on the achievements in the fields of geovisualization and information
visualization, human-computer interaction, geographic information science, operations research, data
mining and machine learning, decision science, cognitive science, and other disciplines. The name
*Geovisual Analytics for Spatial Decision Support' suggested for this new research direction emphasizes
the importance of visualization and interactive visual interfaces and the link with the emerging research
discipline of Visual Analytics. This article, as well as the whole special issue, is meant to attract the
attention of scientists with relevant expertise and interests to the major challenges requiring
multidisciplinary efforts and to promote the establishment of a dedicated research community where an
appropriate range of competences is combined with an appropriate breadth of thinking.

Andrienko, G, et al. 2010, "Discovering Bits of Place Histories from People ' S Activity Traces." In [EEE
Symposium on Information Visualization, pp. 59-66.

Events that happened in the past are important for understanding the ongoing processes, predicting
future developments, and making informed decisions. Significant and/or interesting events tend to attract
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many people. Some people leave traces of their attendance in the form of computer-processable data, such
as records in the databases of mobile phone operators or photos on photo sharing web sites. We developed
a suite of visual analytics methods for reconstructing past events from these activity traces. Our tools
combine geocomputations, interactive geovisualizations and statistical methods to enable integrated
analysis of the spatial, temporal, and thematic components of the data, including numeric attributes and
texts. We demonstrate the utility of our approach on two large real data sets, mobile phone calls in Milano
during 9 days and flickr photos made on British Isles during 5 years.

Andrienko, N, G Andrienko, and P Gatalsky. 2003, "Exploratory Spatio-Temporal Visualization: An
Analytical Review." Journal of Visual Languages & Computing 14(6):503-41.

Andrienko, N, G Andrienko, and P Gatalsky. 2005, "Impact of Data and Task Characteristics on Design
of Spatio-Temporal Data Visualization Tools." in Exploring Geovisualization, eds. D Jason, MM Alan
and K Menno-Jan, pp. 201-22. Elsevier, Oxford.

Summary It is widely recognized that data visualization may be a powerful methodology for
exploratory analysis. In order to fulfill this claim, visualization software must be carefully designed taking
into account two principal aspects: characteristics of the data to be visualized and the exploratory tasks to
be supported. The tasks that may potentially arise in data exploration are, in their turn, dependent on the
data. In the chapter, we present visualization software tools for three different types of spatio-temporal
data developed using a task-driven approach to design. We demonstrate that different exploratory tasks
may be anticipated in these three cases and that different techniques are required to properly support
exploration of the data. Prior to the consideration of the examples, we briefly describe the typologies of
data and tasks we use in our work.

Ankerst, M, S Berchtold, and DA Keim. 1998, "Similarity Clustering of Dimensions for an Enhanced

Visualization of Multidimensional Data." In /EEE Symposium on Information Visualization, pp. 52-
60,153.

The order and arrangement of dimensions (variates) is crucial for the effectiveness of a large number
of visualization techniques such as parallel coordinates, scatterplots, recursive pattern, and many others.
We describe a systematic approach to arrange the dimensions according to their similarity. The basic idea
is to rearrange the data dimensions such that dimensions showing a similar behavior are positioned next
to each other. For the similarity clustering of dimensions, we need to define similarity measures which
determine the partial or global similarity of dimensions. We then consider the problem of finding an
optimal one- or two-dimensional arrangement of the dimensions based on their similarity. Theoretical
considerations show that both, the one- and the two-dimensional arrangement problem are surprisingly
hard problems, i.e., they are NP complete. Our solution of the problem is therefore based on heuristic
algorithms. An empirical evaluation using a number of different visualization techniques shows the high
impact of our similarity clustering of dimensions on the visualization results

Anselma, L, et al. 2006, "Towards a Comprehensive Treatment of Repetitions, Periodicity and Temporal
Constraints in Clinical Guidelines." Artificial Intelligence in Medicine 38(2):171-95.

SummaryObjective In this paper, we define a principled approach to represent temporal constraints in

clinical guidelines and to reason (i.e., perform inferences in the form of constraint propagation) on them.
We consider different types of constraints, including composite and repeated actions, and propose
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different types of temporal functionalities (e.g., temporal consistency checking).Background Constraints
about actions, durations, delays and periodic repetitions of actions are an intrinsic part of most clinical
guidelines. Although several approaches provide expressive temporal formalisms, only few of them deal
with the related temporal reasoning issues.Methodology We first propose a temporal representation
formalism and two temporal reasoning algorithms. Then, we consider the trade-off between the
expressiveness of the formalism and the computational complexity of the algorithms, in order to devise a
correct, complete and tractable approach. Finally, we show how the algorithms can be exploited to
provide clinical guideline systems with different types of temporal facilities.Results Our approach offers
several advantages. During the guideline acquisition phase, it enables to represent temporal constraints,
and to check their consistency. In the execution phase, it checks the consistency between the execution
times of the actions and the constraints in the guidelines, and provides query answering and simulation
facilities.

Anslow, C, E Tempero, and R Biddle. 2010, "User Evaluation of Polymetric Views Using a Large
Visualization Wall." In 5th ACM Symposium on Software Visualization (SOFTVIS), pp. 25-34.

Apted, T, et al. 2003, "Visualisation of Ontological Inferences for User Control of Personal Web Agents."
In International Conference on Information Visualization, pp. 306-11.

We describe a visualisation tool, VIUM, designed to support users in scrutinising models of their
interests, preferences and knowledge. We also describe MECUREQO, a tool for building lightweight
ontologies from online dictionaries. It enables a user to see a model describing both their interests and
additional analogically inferred interests. We report a small qualitative evaluation of this combined
system. This indicates that users were able to use the system to explore models of two hypothetical users,
making use of varying levels of ontological inference.

Aragon, CR, et al. 2009, "Using Visual Analytics to Develop Situation Awareness in Astrophysics."
Information Visualization 8(1):30-41.

We present a novel collaborative visual analytics application for cognitively overloaded users in the
astrophysics domain. The system was developed for scientists who need to analyze heterogeneous,
complex data under time pressure, and make predictions and time-critical decisions rapidly and correctly
under a constant influx of changing data. The Sunfall Data Taking system utilizes several novel
visualization and analysis techniques to enable a team of geographically distributed domain specialists to
effectively and remotely maneuver a custom-built instrument under challenging operational conditions.
Sunfall Data Taking has been in production use for 2 years by a major international astrophysics
collaboration (the largest data volume supernova search currently in operation), and has substantially
improved the operational efficiency of its users. We describe the system design process by an
interdisciplinary team, the system architecture and the results of an informal usability evaluation of the
production system by domain experts in the context of Endsley's three levels of situation awareness.
Information Visualization (2009) 8, 30-41. doi: 10.1057/ivs.2008.30

A22



Ardito, C, et al. 2000, "Systematic Evaluation of E-Learning Systems: An Experimental Validation." In
Proceedings of the 4th Nordic conference on Human-computer interaction: changing roles, pp. 195-202.

Arkoudas, K, and S Bringsjord. 2009, "Vivid: A Framework for Heterogeneous Problem Solving."
Artificial Intelligence 173(15):1367-405.

We introduce Vivid, a domain-independent framework for mechanized heterogeneous reasoning that
combines diagrammatic and symbolic representation and inference. The framework is presented in the
form of a family of denotational proof languages (DPLs). We present novel formal structures, called
named system states, that are specifically designed for modeling potentially underdetermined diagrams.
These structures allow us to deal with incomplete information, a pervasive feature of heterogeneous
problem solving. We introduce a notion of attribute interpretations that enables us to interpret first-order
relational signatures into named system states, and develop a formal semantic framework based on 3-
valued logic. We extend the assumption-base semantics of DPLs to accommodate diagrammatic
reasoning by introducing general inference mechanisms for the valid extraction of information from
diagrams, and for the incorporation of sentential information into diagrams. A rigorous big-step
operational semantics is given, on the basis of which we prove that the framework is sound. We present
examples of particular instances of Vivid in order to solve a series of problems, and discuss related work.

Arning, K, and M Ziefle. 2007, "Understanding Age Differences in Pda Acceptance and Performance."
Computers in Human Behavior 23(6):2904-27.

The present study addresses two basic determinants of technology utilization: the attitude towards a
certain technology and the performance when using it. According to the technology acceptance model
(TAM), perceived ease of use and usefulness are assumed to be strong determinants of the actual and
successful utilization of technology. However, the relationship between the acceptance of technical
devices and their successful utilization (i.e., performance) is not completely understood. In this study,
users' attitudes towards technology and their performance when interacting with a computer simulated
PDA device were examined. Moreover, the moderating role of individual variables like age, gender,
subjective technical confidence, and computer expertise in the relationship between technical
performance and acceptance was analyzed. The results showed significant associations between
performance and TAM factors. However, this interrelation was much stronger for the older group,
especially between performance and the ease of use. The factors computer expertise and technical self-
confidence played a minor role. Gender effects on technical self-confidence and TAM factors were
identified, although they did not affect performance. Future research should focus on training formats for
the older age group, which facilitate a successful interaction with technical devices.

Astefanoaie, A, et al. 2010, "Visual Analytics of a Pandemic Spread." In /EEE Symposium on Information
Visualization, pp. 277-78.

Auer, T, et al. 2010, in press, "Herbariaviz: A Web-Based Client-Server Interface for Mapping and
Exploring Flora Observation Data." Ecological Informatics.

The potential for physical flora collections to support scientific research is being enhanced by rapid
development of digital databases that represent characteristics of the physical specimens held in those
collections and make this information available remotely. One example is the unified database of
California flora observations from the Consortium of California Herbaria that was developed to support
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the exploration of plant diversity patterns, distribution ranges of species, and vegetation associations for
specimens held in physical collections. Many of the records in the herbaria database, and in
complementary databases elsewhere, are geo-referenced; but, current web tools for accessing the data do
not take advantage of that georeferencing. In this paper, we report on development and implementation of
a web-based client-server map interface to facilitate open mapping and exploration of the dataset. Three
research objectives were addressed: (1) develop a method for efficient web-map client-server interaction
involving large volumes of spatiotemporal point data, (2) develop a symbology and symbol scaling
method for representing those spatial-temporal data in the client, and (3) develop an interface for client-
server interactions and data exploration. With a focus on cartographically-sound visualization and user-
friendly interaction, we introduce HerbariaViz, a web mapping application that provides space-time-
species data query responses efficiently. Following a discussion of relevant literature, we present open-
source methods for aggregating point data spatially and temporally, outline our approach to sound
cartographic representations of those data, and detail the design of a client interface for making requests
and mapping responses. A focus group session involving domain experts was performed to provide user
evaluation of the application. In our discussion, we present potential avenues of future work, including:
facilitating query response comparisons, handling incomplete and inaccurate data, and generalizing the
method presented here.

Augerat, P, C Martin, and B Stein. 2002, "Scalable Monitoring and Configuration Tools for Grids and
Clusters." In 10th Euromicro Workshop on Parallet, Distributed and Network-based Processing, pp. 147-
53.

We present the Ka-admin project that addresses the problem of collecting, visualizing and feeding
back any grid information, trace or snapshot, compliant to an XML-like model. Real use includes
performance analysis of parallel applications and cluster administration. Ka-admin includes a generic
"filter" module that processes monitored data independently of what they represent. Filters can remove,
aggregate and transform data or pass them to external applications. The end user is responsible for
activating the filters from within an interactive graphical interface. This allows him to focus on important
information. We also present a "scatter/gather" module that allows efficient collection and distribution of
data and commands in a large cluster. Early work on "MPI/threads" applications and system monitoring
tools proved that the combination of both modules matches the objective of a scalable visualization of
large data sets

Augusto, JC. 2005, "Temporal Reasoning for Decision Support in Medicine." Artificial Intelligence in
Medicine 33(1):1-24.

SummaryObjective: Handling time-related concepts is essential in medicine. During diagnosis it can
make a substantial difference to know the temporal order in which some symptoms occurred or for how
long they lasted. During prognosis the potential evolutions of a disease are conceived as a description of
events unfolding in time. In therapy planning the different steps of treatment must be applied in a precise
order, with a given frequency and for a certain span of time in order to be effective. This article offers a
survey on the use of temporal reasoning for decision support-related tasks in medicine.Material and
methods: Key publications of the area, mainly circumscribed to the latest two decades, are reviewed and
classified according to three important stages of patient treatment requiring decision support: diagnosis,
prognosis and therapy planning/management. Other complementary publications, like those on time-
centered information storage and retrieval, are also considered as they provide valuable support to the
above mentioned three stages.Results: Key areas are highlighted and used to organize the latest
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contributions. The survey of previous research is followed by an analysis of what can still be improved
and what is needed to make the next generation of decision support systems for medicine more
effective.Conclusions: It can be observed that although the area has been considerably developed, there
are still areas where more research is needed to make time-based systems of widespread use in decision
support-related areas of medicine. Several suggestions for further exploration are proposed as a result of
the survey.

Aurisicchio, M, et al. 2008, "How to Evaluate Reading and Interpretation of Differently Structured
Engineering Design Rationales." Artificial Intelligence for Engineering Design, Analysis and
Manufacturing: AIEDAM 22(4):345-58.

Documented engineering design rationale has the potential to become a key source of information
about past designs. Ease of comprehension of design rationale might play a crucial role in ensuring that
the full potential of documented information is realized and that the effort and time necessary to capture
design rationale pay off. This research proposes an empirical methodology for evaluating how structuring
design rationale and supplying it with visual nontextual cues influences reading and interpretation. The
study compares reading and interpretation of technical documentation presented in different formats to
engineering graduate trainees in the aerospace industry. Copyright © 2008 Cambridge University Press.

Azuma, S, I Fujishiro, and H Horii. 2006, "Hierarchical Causality Explorer: Making Complemental Use
of 3d/2d Visualizations - Art. No. 60600h." In Conference on Visualization and Data Analysis.

Hierarchical causality relationships reside ubiquitously in the reality. Since the relationships take
intricate forms with two kinds of links - hierarchical abstraction and causal association. there exists no
single visualization style that allows the user to comprehend them effectively. This paper introduces a
novel information visualization framework which can change existing 3D and 2D display styles
interactively according to the user's visual analysis demands. The two visualization styles play a
complementary role, and the change in the style relies oil morphing so as to maintain the user's cognitive
map. Based on this framework, we have developed a general-purpose prototype system, which provides
the user with an enriched set of functions not only for supporting fundamental information seeking, but
bridging analytic gaps to accomplishing high-level analytic tasks such as knowledge discovery and
decision making. The effectiveness of the system is illustrated with an application to the analysis of a
nuclear-hazard cover-up problem.

Baddeley, B, et al. 2008, "From Desktop to Field: Deploying Visual Incident Analysis for Law
Enforcement." In /[EEE Conference on Technologies for Homeland Security, pp. 209-14.

We present a prototype mobile application environment for law enforcement users to assist them in
daily operations. This system supports the collection of real-time observations and allows users to quickly
share their findings with team members. Mobile tools for law enforcement introduce safety and other
operational constraints that must be considered in developing appropriate user interfaces. Our
environment attempts to address these challenges and provide tools to increase information sharing
among officers and, expedite form-filling and evidence collection. Moreover, real-time location tracking
and mapping enables mobile users to view the locations of team members and to push data (such as field-
collected images, video, or text) to them.
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Bailey, BP, CW Busbey, and ST Igbal. 2007, "Taprav: An Interactive Analysis Tool for Exploring
Workload Aligned to Models of Task Execution." Interacting with Computers 19(3):314-29.

Pupillary response is a valid indicator of mental workload and is being increasingly leveraged to
identify lower cost moments for interruption, evaluate complex interfaces, and develop further
understanding of psychological processes. Existing tools are not sufficient for analyzing this type of data,
as it typically needs to be analyzed in relation to the corresponding task's execution. To address this
emerging need, we have developed a new interactive analysis tool, TAPRAV. The primary components
of the tool include; (i) a visualization of pupillary response aligned to the corresponding model of task
execution, useful for exploring relationships between these two data sources; (ii) an interactive
overview + detail metaphor, enabling rapid inspection of details while maintaining global context;

(iii) synchronized playback of the video of the user's screen interaction, providing awareness of the state
of the task; and (iv) interaction supporting discovery driven analysis. Results from a user study showed
that users are able to efficiently interact with the tool to analyze relationships between pupillary response
and task execution. The primary contribution of our tool is that it demonstrates an effective visualization
and interaction design for rapidly exploring pupillary response in relation to models of task execution,
thereby reducing the analysis effort.

Bailin, A, and A Pefia. 2007, "Online Library Tutorials, Narratives, and Scripts." The Journal of
Academic Librarianship 33(1):106-17.

In this article, we examine some issues that relate to effective presentation in online library tutorials.
In so doing, we look at the differences between paper and online media in order to highlight distinctive
properties of online presentations of information. We argue that one way to handle the particular
challenges online tutorials pose is to use the concept of a script as developed by Schank and Abelson. We
discuss how the concept of scripts has been incorporated in an online library tutorial developed at the
Newman Library, Baruch College.

Baker, J, DR Jones, and J Burkman. 2009, "Using Visual Representations of Data to Enhance
Sensemaking in Data Exploration Tasks." Journal of the Association of Information Systems 10(7):533-
59.

This paper explains how visual representations of data enable individual sensemaking in data
exploration tasks. We build upon theories of human perception and cognition, including Cognitive Fit
Theory, to explain what aspects of visual representations facilitate sensemaking for the viewer. We make
three primary contributions. First, we give a general characterization of visual representations that would
be used for data exploration tasks. These representations consist of a scene, objects within the scene, and
the characteristics of those objects. Second, we extend Cognitive Fit Theory into the data exploration task
domain. We explain that the data exploration task has a number of spatial subtasks including observing
data points, looking for patterns or outliers, making inferences, comparing observed facts or patterns to
one's own knowledge, generating hypotheses about the data, and drawing analogies from the context
being observed to another context. Third, we offer a set of theoretical propositions about how visual
representations of data can serve the sensemaking goal. Specifically, visual representations best facilitate
sensemaking in data exploration tasks when they (1) support the four basic human visual perceptual
approaches of association, differentiation, ordered perception, and quantitative perception, (2) have strong
Gestalt properties, (3) are consistent with the viewer's stored knowledge, and (4) support analogical

A26



reasoning. We propose that visual representations should possess several of these four aspects to make
them well-suited for the task of data exploration. © 2009, by the Association for Information Systems.

Baker, RSJd. 2010, "Data Mining." in International Encyclopedia of Education, eds. P Penelope, B Eva
and M Barry, pp. 112-18. Elsevier, Oxford.

Educational data mining is the area of scientific inquiry centered around the development of methods
for making discoveries within the unique kinds of data that come from educational settings, and using
those methods to better understand students and the settings which they learn in. The recent advent of
public educational data repositories has made it feasible for researchers to investigate a wide variety of
scientific questions using data mining. In this article, five categories of educational data mining methods
are discussed, as well as the key applications for which educational data mining methods have been used.

Balakrishnan, AD, SR Fussell, and S Kiesler. 2008, "Do Visualizations Improve Synchronous Remote
Collaboration?" In 26th Annual CHI Conference on Human Factors in Computing Systems, pp. 1227-36.

Information visualizations can improve collaborative problem solving, but this improvement may
depend on whether visualizations promote communication. In an experiment on the effect of network
visualizations, remote pairs worked synchronously to identify a serial killer. They discussed disparate
evidence distributed across the pair using IM. Four conditions, respectively, offered (a) spreadsheet only
(controls), (b) individual unshared visualizations, (c) view-only shared visualizations, and (d) a full-
access shared visualization of all evidence. We examined collaborative performance, use of the
visualization tool, and communication as a function of condition. All visualization conditions improved
remote collaborators' performance over the control condition. Full access to a shared visualization best
facilitated remote collaboration by encouraging tool use and fostering discussion between the partners.
Shared visualization without full access impaired performance somewhat and made communication even
more vital to identifying the serial killer. This study provides direct evidence of visualization tool features
and partner behavior that promote collaboration.

Balfanz, D, et al. 2003, "Mobile Situation-Awareness within the Project Map." Computers & Graphics
27(6):893-98.

Mobile devices as PDAs evolve rapidly from digital calendars and address books to hosts of more
complex functionality. Mobile access to business information such as customer, product or project
databases is seen as one of the cutting edge IT solutions for improving productivity and customer
satisfaction. However, mobility and scaled-down mobile technology lead to specific limitations in
contrast to the usage of desktop computers. These restrictions are absolutely crucial to consider for the
development of usable mobile applications. With reference to the project map--Multimedia Arbeitsplatz
der Zukunft (Multimedia Workplace of the Future), this article outlines our main approach to situation-
aware support for mobile workers in response to mobile restrictions. We are pointing out focal
components and sketch parts of the map architecture, in particular the prototypical application
"BuddyAlert".
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Ball, R, and C North. 2007, "Realizing Embodied Interaction for Visual Analytics through Large
Displays." Computers & Graphics 31(3):380-400.

Visual analysts are engaged with the arduous task of scrutinizing increasingly larger data sets. Where
conventional desktop displays are reaching their limits in terms of performance efficiency with large data
sets, analysts can turn to larger displays. In a world of extensive multi-scale data sets, large high-
resolution displays have the potential to show both more overview and detail for a given data set than
their smaller counterparts. In addition, people are able to use their embodied resources, such as spatial
memory, proprioception, and optical flow to help them maintain orientation and improve performance
times on analytic tasks when using larger displays. This paper looks at how physical navigation,
physically interacting with large scale visualizations (e.g., walking, crouching, moving the head), affects
user performance times on analytic tasks, such as finding patterns in geospatial data. The paper extends
the space-scale diagram to take into account physical navigation and explains the theoretical
repercussions. The paper then explains an empirical study performed for the purpose of further
understanding how physical and virtual navigation affect performance times of tasks on varying size
displays. In general, we found that large displays can decrease performance time of basic visualization
tasks by more than ten times. In addition, we found overwhelming evidence from the empirical study that
participants preferred physical navigation over virtual navigation (e.g., mouse interaction). Specifically,
we found that for a number of tasks 100% of the participants chose to physically navigate--physically
moving to different areas on the display instead of using virtual navigation to manipulate the view on the
display.

Banbury, S, and S Tremblay. 2004. 4 Cognitive Approach to Situation Awareness: Theory and
Application. Ashgate Publishing Company, Burlington, VT.

Bandte, O. 2004, "Visualizing Information in an Interactive Evolutionary Design Process." In Congress
on Evolutionary Computation, pp. 691-98.

As interactive evolutionary computation is starting to penetrate scientific fields that otherwise rely
heavily on numerical fitness evaluation, very little emphasis has been put on communicating the relevant
information for decision making to the human during the interactive loop. This paper raises the issue of
information presentation as a scientific question for interactive evolutionary applications that include
automatic fitness evaluation and presents an example for how relevant information display can be for real
world problems.

Bandura, A. 2001, "Social Cognitive Theory: An Agentic Perspective." Annual Review of Psychology
52:1-26.

The capacity to exercise control over the nature and quality of one's life is the essence of humanness.
Human agency is characterized by a number of core features that operate through phenomenal and
functional consciousness. These include the temporal extension of agency through intentionality and
forethought, self-regulation by self-reactive influence, and self-reflectiveness about one's capabilities,
quality of functioning, and the meaning and purpose of one's life pursuits. Personal agency operates
within a broad network of sociostructural influences. In these agentic transactions, people are producers
as well as products of social systems. Social cognitive theory distinguishes among three modes of agency:
direct personal agency, proxy agency that relies on others to act on one's behest to secure desired
outcomes, and collective agency exercised through socially coordinative and interdependent effort.
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Growing transnational embeddedness and interdependence are placing a premium on collective efficacy
to exercise control over personal destinies and national life.

Barbosa, PT, and LZ Granville. 2010, "Interactive Snmp Traffic Analysis through Information
Visualization." In IEEE Network Operations and Management Symposium, pp. 73-79.

The network management area deals with large amounts of data. Some of its protocols and techniques
are not completely understood when it comes to usage patterns and most used features. The understanding
of such characteristics is a challenging process, due to the massive data amount involved. This process
can be supported by information visualization techniques. These consist in visual representations of data
that make use of the unique properties of the human visual system to make insights about it in a more
intuitive and effective way. In this context, interactivity has proved itself to be one of the main factors
involved in providing such intuitiveness and effectiveness, specially in analysis of large datasets.
Nevertheless, few interaction possibilities are available in current network management traffic
visualization systems. In this paper we present a set of interactive information visualization techniques
adapted to visualize SNMP trace files. We used an insight-based evaluation to show how the presented
techniques can aid on the insight achievement process.

Bar-Ilan, J. 2008, "Informetrics at the Beginning of the 21st Century--a Review." Journal of Informetrics
2(1):1-52.

This paper reviews developments in informetrics between 2000 and 2006. At the beginning of the
21st century we witness considerable growth in webometrics, mapping and visualization and open access.
A new topic is comparison between citation databases, as a result of the introduction of two new citation
databases Scopus and Google Scholar. There is renewed interest in indicators as a result of the
introduction of the h-index. Traditional topics like citation analysis and informetric theory also continue
to develop. The impact factor debate, especially outside the informetric literature continues to thrive.
Ranked lists (of journal, highly cited papers or of educational institutions) are of great public interest.

Barlowe, S, et al. 2008, "Multivariate Visual Explanation for High Dimensional Datasets." In /EEE
Symposium on Visual Analytics.

Understanding multivariate relationships is an important task in multivariate data analysis.
Unfortunately, existing multivariate visualization systems lose effectiveness when analyzing relationships
among variables that span more than a few dimensions. We present a novel multivariate visual
explanation approach that helps users interactively discover multivariate relationships among a large
number of dimensions by integrating automatic numerical differentiation techniques and
multidimensional visualization techniques. The result is an efficient workflow for multivariate analysis
model construction, interactive dimension reduction, and multivariate knowledge discovery leveraging
both automatic multivariate analysis and interactive multivariate data visual exploration. Case studies and
a formal user study with a real dataset illustrate the effectiveness of this approach.

Bar-On, D, and RE Oxman. 2002, "Context over Content: Icpd, a Conceptual Schema for the Building
Technology Domain." Automation in Construction 11(4):467-93.

Computational systems in the field of building technology are, at present, mainly employed as
electronic catalogs for the retrieval of technological information (content providers). However, the
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massive amount of information associated with building design demands explicit knowledge about the
way various information pieces relate one to another in order to be able to achieve an intelligent use of
those resources through the design process. This gives rise to a strong need for computational systems
that help not only to retrieve information (design content) but also to explain the relationships between the
elements of technological information (design context). The research presented in this paper has
developed a conceptual model for the representation of knowledge in building technology based on
specific context related to the field. The model employed an associative formalism reflecting the logical
connections between pertinent information units used in the technological design process. The model is
termed ICPD which stands for: Issue, Concept, Pattern and Detail. This model is to be employed in
implementing a computational system to support design in building technology.

Barrera, D, and PC van Oorschot. 2009, "Security Visualization Tools and Ipv6 Addresses." In
6" International Workshop on Visualization for Cyber Security, pp. 21-26.

Visualization is used by security analysts to help detect patterns and trends in large volumes of
network traffic data. With IPv6 slowly being deployed around the world, network intruders are beginning
to adapt their tools and techniques to work over IPv6 (vs. IPv4). Many tools for visualizing network
activity, while useful for detecting large scale attacks and network behavior anomalies still only support
IPv4. In this paper, we explore the current state of IPv6 support in some popular security visualization
tools and identify the roadblocks preventing those tools from supporting the new protocol. We propose a
filtering technique that helps reduce the occlusion of IPv6 sources on graphs. We also suggest using
treemaps for visually representing the vast space of remote addresses in IPv6.

Bartlett, FC. 1932. Remembering: A Study in Experimental and Social Psychology. Macmillan Co.,
New York, NY.

Bartram, L. 1997, "Perceptual and Interpretative Properties of Motion for Information Visualization." In
Workshop on New Paradigms in Information Visualization and Manipulation, pp. 3-7.

Bartram, L, C Ware, and T Calvert. 2003, "Moticons:: Detection, Distraction and Task." International
Journal of Human-Computer Studies 58(5):515-45.

In this paper, we describe an empirical investigation of the utility of several perceptual properties of
motion in information-dense displays applied to notification. Notification relates to awareness and how
dynamic information is communicated from the system to the user. Key to a notification technique is how
easily the notification is detected and identified. Our initial studies show that icons with simple motions,
termed moticons, are effective coding techniques for notification and in fact are often better detected and
identified than colour and shape codes, especially in the periphery. A subsequent experiment compared
the detection and distraction effects of different motion types in several task conditions. Our results reveal
how different attributes of motion contribute to detection, identification and distraction and provide initial
guidelines on how motion codes can be designed to support awareness in information-rich interfaces
while minimizing unwanted side effects of distraction and irritation.
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Basole, R, et al. 2010, "Poster : Visualizing Converging Business Ecosystems for Competitive
Intelligence." In IEEE Symposium on Information Visualization, pp. 1-2.

Bass, WM, and RD Blanchard. 2011, "Examining Geographic Visualization as a Technique for Individual
Risk Assessment." Applied Geography 31(1):53-63.

This research examined the extent to which geographic visualization might serve as a technique for
assessing and understanding levels of personal risk. An exercise was created, consisting of a series of
five animations, representing five historical flood events in flood-prone central Texas and displayed on an
Internet site along with a survey questionnaire. Three questions guided this research: 1) To what extent
can individuals correctly rank levels of intensities among five historical rainfall events, and, therefore
levels of risk after viewing visualizations; 2) Does professional training and experience in a hazards-
related field prove to be an advantage for correctly identifying and ranking levels of risk among the
rainfall events after viewing visualizations; 3) Is prior experience with a flood, or any other hazard
occurrence a factor in whether individuals can correctly assess levels of risk in visualizations depicting
rainfall events? Our study demonstrated that computer-interested individuals are willing and able to
access website information related to historical flood events, and interact with that website in viewing,
interpreting and ranking computer animations of featured events; and, for the most part, regardless of
prior experience, or workplace training, can, more or less, distinguish between levels of intensity of
events. However, due to the fairly recent introduction of geographic visualization in hazards research, we
call for more work in this area, and have offered an extensive list of research questions for assessing the
viability of this technique for more accurate risk assessment and management at the individual level.

Bates-Brkljac, N. 2007, "Investigating Perceptual Responses and Shared Understanding of Architectural
Design Ideas When Communicated through Different Forms of Visual Representations." In
11™ International Conference on Information Visualization, pp. 348-53.

Research to date has demonstrated the apparent differences how architects, as 'experts' and members
of the public as non-experts' perceive and understand visual representations. However, the studies that
compare architect' responses with other professionals in the field are rare. This paper reports the findings
from an Economic and Social science Research Council (ESRC) funded study that investigated peoples'
perceptual and cognitive responses to traditional and computer generated forms of architectural
representations. The study and analysis provide an insight into factors that are relevant to the
communication, shared understanding of design ideas and knowledge exchange amongst the participants
in the process. Findings indicate strong resemblance between professionals' and 'lay' peoples' responses.
Architects' responses vary depending on the age and length of work experience. The analysis of groups'
accounts of how and why they prefer and value the forms they do shows the fracturing of communication
and shared understanding amongst participants.

Baur, D, et al. 2010, "The Streams of Our Lives: Visualizing Listening Histories in Context." [EEE
Transactions on Visualization and Computer Graphics 16(6):1119-28.

The choices we take when listening to music are expressions of our personal taste and character.
Storing and accessing our listening histories is trivial due to services like Last.fm, but learning from them
and understanding them is not. Existing solutions operate at a very abstract level and only produce
statistics. By applying techniques from information visualization to this problem, we were able to provide
average people with a detailed and powerful tool for accessing their own musical past. LastHistory is an
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interactive visualization for displaying music listening histories, along with contextual information from
personal photos and calendar entries. Its two main user tasks are (1) analysis, with an emphasis on
temporal patterns and hypotheses related to musical genre and sequences, and (2) reminiscing, where
listening histories and context represent part of one's past. In this design study paper we give an overview
of the field of music listening histories and explain their unique characteristics as a type of personal data.
We then describe the design rationale, data and view transformations of LastHistory and present the
results from both a lab- and a large-scale online study. We also put listening histories in contrast to other
lifelogging data. The resonant and enthusiastic feedback that we received from average users shows a
need for making their personal data accessible. We hope to stimulate such developments through this
research.

Beale, R. 2007, "Supporting Serendipity: Using Ambient Intelligence to Augment User Exploration for
Data Mining and Web Browsing." International Journal of Human-Computer Studies 65(5):421-33.

Serendipity is the making of fortunate discoveries by accident, and is one of the cornerstones of
scientific progress. In today's world of digital data and media, there is now a vast quantity of material that
we could potentially encounter, and so there is an increased opportunity of being able to discover
interesting things. However, the availability of material does not imply that we will be able to actually
find it; the sheer quantity of data mitigates against us being able to discover the interesting nuggets. This
paper explores approaches we have taken to support users in their search for interesting and relevant
information. The primary concept is the principle that it is more useful to augment user skills in
information foraging than it is to try and replace them. We have taken a variety of artificial intelligence,
statistical, and visualisation techniques, and combined them with careful design approaches to provide
supportive systems that monitor user actions, garner additional information from their surrounding
environment and use this enhanced understanding to offer supplemental information that aids the user in
their interaction with the system. We present two different systems that have been designed and
developed according to these principles. The first system is a data mining system that allows interactive
exploration of the data, allowing the user to pose different questions and understand information at
different levels of detail. The second supports information foraging of a different sort, aiming to augment
users browsing habits in order to help them surf the internet more effectively. Both use ambient
intelligence techniques to provide a richer context for the interaction and to help guide it in more effective
ways: both have the user as the focal point of the interaction, in control of an iterative exploratory
process, working in indirect collaboration with the artificial intelligence components. Each of these
systems contains some important concepts of their own: the data mining system has a symbolic genetic
algorithm which can be tuned in novel ways to aid knowledge discovery, and which reports results in a
user-comprehensible format. The visualisation system supports high-dimensional data, dynamically
organised in a three-dimensional space and grouped by similarity. The notions of similarity are further
discussed in the internet browsing system, in which an approach to measuring similarity between web
pages and a user's interests is presented. We present details of both systems and evaluate their
effectiveness.

Beatriz. 2006, "An Introductory Course on Human-Computer Interaction: Programme, Bibliography,
Practical Classes and Assignments." Computers & Graphics 30(4):658-68.

As computing curricula have evolved, human-computer interaction has gradually become part of
many of them, and the recent ACM/IEEE report on the core of computing science and engineering
includes human-computer interaction as one of the fundamental sub-areas that should be addressed.
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However, both technology and human-computer interaction are developing rapidly, thus a continuous
effort is needed to maintain a programme, bibliography, and a set of practical assignments up to date and
adapted to the current technology. This paper briefly presents an introductory course on human-computer
interaction offered to electrical and computer engineering students at the University of Aveiro.

Beck, F, and S Diehl. 2010, "Visual Comparison of Software Architectures." In 5th ACM Symposium on
Software Visualization (SOFTVIS), pp. 183-92.

Beck, M. 2010, "Towards Automated Analysis and Visualization of Distributed Software Systems." In
Sth ACM Symposium on Software Visualization (SOFTVIS), pp. 213-14.

Bederson, BB. 2003, "Fisheye Menus." in The Craft of Information Visualization, Readings and
Reflections, eds. BB Benjamin and S Ben, pp. 299-307. Morgan Kaufmann, San Francisco.

Summary We introduce "fisheye menus" which apply traditional fisheye graphical visualization
techniques to linear menus. This provides for an efficient mechanism to select items from long menus,
which are becoming more common as menus are used to select data items in, for example, e-commerce
applications. Fisheye menus dynamically change the size of menu items to provide a focus area around
the mouse pointer. This makes it possible to present the entire menu on a single screen without requiring
buttons, scrollbars, or hierarchies.

Bederson, BB, and A Boltman. 2003, "Does Animation Help Users Build Mental Maps of Spatial
Information?" in The Craft of Information Visualization, Readings and Reflections, eds. BB Benjamin and
S Ben, pp. 87-94. Morgan Kaufmann, San Francisco.

Summary We examine how animating a viewpoint change in a spatial information system affects a
user's ability to build a mental map of the information in the space. We found that animation improves
users' ability to reconstruct the information space, with no penalty on task performance time. We believe
that this study provides strong evidence for adding animated transitions in many applications with fixed
spatial data where the user navigates around the data space.

Bederson, BB, B Shneiderman, and M Wattenberg. 2003, "Ordered and Quantum Treemaps: Making
Effective Use of 2d Space to Display Hierarchies." in The Craft of Information Visualization, Readings
and Reflections, eds. BB Benjamin and S Ben, pp. 257-78. Morgan Kaufmann, San Francisco.

Bederson, BB, RS Wallace, and EL Schwartz. 1992, "A Miniaturized Active Vision System." In
11™ IAPR International Conference on Pattern Recognition, pp. 58-61.

The authors have developed a prototype miniaturized active vision system whose sensor architecture
is based on a logarithmically structured space-variant pixel geometry. This system integrates a CCD
sensor, miniature pan-tilt actuator, controller, general purpose processors and display. Due to the ability
of space-variant sensors to cover large work-spaces yet provide high acuity with an extremely small
number of pixels, space-variant active vision system architectures provide the potential for radical
reductions in system size and cost. The authors describe a prototype space-variant active vision system
which performs tasks such as moving object tracking and functions as a video telephone. The potential
application domains for systems of this type include vision systems for mobile robots and robot
manipulators, traffic monitoring systems, security and surveillance, and consumer video communications
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Bendich, P, H Edelsbrunner, and M Kerber. 2010, "Computing Robustness and Persistence for Images."
IEEE Transactions on Visualization and Computer Graphics 16(6):1251-60.

We are interested in 3-dimensional images given as arrays of voxels with intensity values. Extending
these values to acontinuous function, we study the robustness of homology classes in its level and
interlevel sets, that is, the amount of perturbationneeded to destroy these classes. The structure of the
homology classes and their robustness, over all level and interlevel sets, can bevisualized by a triangular
diagram of dots obtained by computing the extended persistence of the function. We give a fast
hierarchicalalgorithm using the dual complexes of oct-tree approximations of the function. In addition, we
show that for balanced oct-trees, thedual complexes are geometrically realized in $R”3$ and can thus be
used to construct level and interlevel sets. We apply these tools tostudy 3-dimensional images of plant
root systems.

Benoit, G. 2005, "Application of Markov Chains in an Interactive Information Retrieval System."
Information Processing & Management 41(4):843-57.

Benson, JR, and F Wim. 2010, "Poster : Using Orthographic Projection and Animation to Convey
Treemap Structure." In International Conference on Information Visualization (INFOVIS).

Berendt, B, B Krause, and S Kolbe-Nusser. 2010, "Intelligent Scientific Authoring Tools: Interactive
Data Mining for Constructive Uses of Citation Networks." Information Processing & Management
46(1):1-10.

Many powerful methods and tools exist for extracting meaning from scientific publications, their
texts, and their citation links. However, existing proposals often neglect a fundamental aspect of learning:
that understanding and learning require an active and constructive exploration of a domain. In this paper,
we describe a new method and a tool that use data mining and interactivity to turn the typical search and
retrieve dialogue, in which the user asks questions and a system gives answers, into a dialogue that also
involves sense-making, in which the user has to become active by constructing a bibliography and a
domain model of the search term(s). This model starts from an automatically generated and annotated
clustering solution that is iteratively modified by users. The tool is part of an integrated authoring system
covering all phases from search through reading and sense-making to writing. Two evaluation studies
demonstrate the usability of this interactive and constructive approach, and they show that clusters and
groups represent identifiable sub-topics.

Berg, AC, and SC Justo. 2003, "Aging of Orbicularis Muscle in Virtual Human Faces." In 7¢h
International Conference on Information Visualization, pp. 164-68.

Given a facial image of a particular person, aging is to construct the facial image of the same person
but at a different age. This assumption becomes an important limitation when modelling human aging
from real data, especially in order to be used by plastic surgeons. We present a new approach to robustly
analyze parts of face aging. Our analysis-synthesis cooperation, possible thanks to a highly realistic 3D
head model and in comparison with a youthful age face of the same person. A prototype of aging a
specific region of someone's face, which utilizes a framework for facial feature is presented. Via a
number of experiments the validity of the rules that have been employed are demonstrated. The
evaluation of the overall performance of the fully automated system indicates that facial aging is
performed quite accurately by the system.
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Berg, M, I Kojo, and J Laarni. 2010, "Object Displays for Identifying Multidimensional Outliers within a
Crowded Visual Periphery." Journal of Visual Communication and Image Representation 21(8):880-88.

This article discusses the human ability to detect, locate, or identify objects and their features using
peripheral vision. The potential of peripheral vision is underused with user interfaces probably due to the
limits of visual acuity. Peripheral preview can guide focused attention to informative locations, if the
visual objects are large enough and otherwise within the limits of discrimination. Our experiments
focused on the task of identifying an outlier and implicated another limiting factor, crowding, for
integration of object features. The target object and the corresponding data dimension were located from
an object display representation used for integrating multidimensional data. We measured performance on
a peripheral vision task in terms of reaction times and eye movements. Subjects identified the target item
from 480 alternatives within 100 ms. Therefore, the identification process would not slow down the
natural gaze sequence and focused attention during monitoring and data mining tasks.

Berger, W, and H Piringer. 2010, "Interactive Visual Analysis of Multiobjective Optimizations." In /EEE
Symposium on Visual Analytics Science & Technology, pp. 215-16.

Bernardi, ML, and G A. 2008, "A Taxonomy of Interactions Introduced by Aspects." In 32nd Annual
IEEE International Computer Software and Applications Conference, pp. 726-31.

Aspects have a large impact on the static structure and dynamic behaviour of the system they belong.
This is due to the intrinsic intrusive nature of aspects and the woven process allowing the alteration of the
structure, the control and data flow of the components of the base system in aspect oriented (AO)
systems. Several and different types of interactions among aspects and the other components can be
introduced according to the different mechanisms provided by AO Programming. These interactions can
make higher the complexity of the overall system affecting its comprehension. In this paper we propose a
taxonomy to categorize these types of interactions among aspects and the components of the base system.
The taxonomy can be used to understand how each type of interaction affects the complexity, and thus the
comprehensibility, of the system.

Bertini, E, and G Santucci. 2006, "Visual Quality Metrics." In Proceedings of the 2006 AVI workshop on
BEyond time and errors: novel evaluation methods for information visualization, pp. 1-5.

The definition and usage of quality metrics for Information Visualization techniques is still an
immature field. Several proposals are available but a common view and understanding of this issue is still
missing. This paper attempts a first step toward a visual quality metrics systematization, providing a
general classification of both metrics and usage purposes. Moreover, the paper explores a quite neglected
class of visual quality metrics, namely Feature Preservation Metrics, that allow for evaluating and
improving in a novel way the effectiveness of basic Infovis techniques.

Best, DM, and RR Lewis. 2010, "Gwvis: A Tool for Comparative Ground-Water Data Visualization."
Computers & Geosciences 36(11):1436-42.

The Ground-Water Visualization application (GW Vis) presents ground-water data visually in order to
educate the public on ground-water issues. It is also intended for presentations to government and other
funding agencies. GWVis works with ground-water level elevation data collected or modeled over a
given time span, together with a matching fixed underlying terrain. GWVis was developed using the
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Python programming language in conjunction with associated extension packages and application
program interfaces such as OpenGLTM to improve performance and allow us fine control of attributes of
the model such as lighting, material properties, transformations, and interpolation. There are currently
several systems available for visualizing ground-water data. We classify these into two categories:
research-oriented models and static presentation-based models. While both of them have their strengths,
we find the former overly complex and non-intuitive and the latter not engaging and presenting problems
showing multiple data dimensions. GWVis bridges the gap between static and research based
visualizations by providing an intuitive, interactive design that allows participants to view the model from
different perspectives, infer information about simulations, and view a comparison of two datasets. By
incorporating scientific data in an environment that can be easily understood, GWVis allows that
information to be presented to a large audience base.

Bewley, WL. 2010, "Methods to Evaluate Technology." in International Encyclopedia of Education, eds.
P Penelope, B Eva and M Barry, pp. 578-84. Elsevier, Oxford.

The goal of technology evaluation is to determine the effectiveness of technology for use in a
particular context for a particular purpose in order to guide or justify decisions that lead to possibly large
investments of scarce resources to implement technology-based educational interventions that may impact
student learning, positively, negatively, or not at all, and with high or low cost-effectiveness. This article
discusses the current state of technology evaluation methodology. It provides an overview of major
methods, a discussion of issues to be addressed by any method, and a heuristic process for matching
methods to evaluation requirements and situations.

Bezerianos, A, et al. 2010, "Geneaquilts: A System for Exploring Large Genealogies." IEEE Transactions
on Visualization and Computer Graphics 16(6):1073-81.

GeneaQuilts is a new visualization technique for representing large genealogies of up to several
thousand individuals. Thevisualization takes the form of a diagonally-filled matrix, where rows are
individuals and columns are nuclear families. After identifyingthe major tasks performed in genealogical
research and the limits of current software, we present an interactive genealogy explorationsystem based
on GeneaQuilts. The system includes an overview, a timeline, search and filtering components, and a new
interactiontechnique called Bring &#x0026; Slide that allows fluid navigation in very large genealogies.
We report on preliminary feedback from domain experts and show how our system supports a number of
their tasks.

Bhowmick, T, et al. 2008, "Informing Geospatial Toolset Design: Understanding the Process of Cancer
Data Exploration and Analysis." Health & Place 14(3):576-607.

There is an increasing need for new methods and tools that support knowledge construction from
complex geospatial datasets related to public health. This study is part of a larger effort to develop,
implement, and test such methods and tools. To be successful, the design of methods and tools must be
grounded in a solid understanding of the work practices within the domain of use; the research reported
here focuses on developing that understanding. We adopted a user-centered approach to toolset design
where we investigated the work of cancer researchers and used the results of that investigation as inputs
into the development of design guidelines for new geovisualization and spatial analysis tools.
Specifically, we conducted key informant interviews focused on use, or potential use, of geographic
information, methods, and tools and complemented this with a systematic analysis of published, peer-
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reviewed articles on geospatial cancer research. Results were used to characterize the typical process of
analysis, to identify fundamental differences between intensive users of geospatial methods and
infrequent users, and to outline key stages in analysis and tasks within the stages that methods and tools
must support. Our findings inform design and implementation decisions for visual and analytic tools that
support cancer prevention and control research and they provide insight into the processes used by cancer
researchers for addressing the challenges of geographic factors in public health research and policy.

Billinghurst, M, R Grasset, and H Seichter. 2010, "Tangible Interfaces for Ambient Augmented Reality
Applications." in Human-Centric Interfaces for Ambient Intelligence, eds. A Hamid, Delgado and
Augusto, pp. 281-302. Academic Press, Oxford.

Summary Ambient intelligence has the goal of embedding context-sensitive technology into the user's
surroundings. In many ways augmented reality (AR) is complementary to this in that AR interfaces
seamlessly enhance the user's real environment with a virtual information overlay. The two merge in
context-aware ambient AR applications, allowing users to easily perceive and interact with the interface
using the AR overlay of the real world. In this chapter we describe how tangible interaction techniques
can be used to design human-centric interfaces for ambient AR applications. Examples will be drawn
from current and previous research in augmented reality and ambient interfaces, and design guidelines
will be given to show how human-centric tangible AR interfaces can be developed.

Bin, C, HM Tse, and W Wenping. 1998, "Design of a Walkthrough System for Indoor Environments
from Floor Plans." In IEEE Conference on Information Visualization, pp. 50-57.

Shares some experience in designing a practical walkthrough system for indoor environments. We
discuss issues from the design of efficient utility programs for building 3D models to the design of a
walkthrough engine. Our utility programs allow the creation of the interior of a several-storied building in
a few man-days. We also propose several rendering speedup techniques implemented in our walkthrough
system. Tests have been carried out to benchmark the amount of speedup brought about by different
techniques. One of these techniques, called dynamic visibility, proves to be more efficient than existing
standard visibility preprocessing methods

Bin, W, and L Suo. 2009, "Literminer: A Literature Visual Analytic System." In /st International
Conference on Information Science and Engineering (ICISE), pp. 891-94.

The data set of scientific literature contains abundant knowledge. Currently, most bibliography search
engines provide only keyword search or similarity search functions for retrieving information directly
stored in the database but neglect mining hidden information. In this article, we design a visual analytic
tool called LiterMiner to extract entities such as article, author, affiliation, and keyword from these
literature records, establish the relationships among them and display them to help analyst understand
them effectively. Especially, LiterMiner uses community detection algorithm to explore academic teams.
Our tool has three principle features. First, a sophisticated data clean process is designed for integration of
many different formatted literature records. Second, LiterMiner can find academic teams and analyze the
resume of an academic team. Third, an interactive and cooperate visualization solution is used to display
the analysis result, which help user understand the result better.
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Bin, Z, G Shankar, and Y Cai. 2007, "Integrating Data Quality Data into Decision-Making Process: An
Information Visualization Approach." in Lecture Notes in Computer Science, Vol 4557, pp. 366-69.
Springer-Verlag, Berlin.

Poor data quality (DQ) has been a troubling issue within many organizations. Thus it is important for
a decision-maker to be aware of the data quality of the information based on which he/she makes a
decision. However, the mental integration of DQ metadata in to a decision process poses a significant
cognitive challenge. A decision-maker could be overloaded and may not effectively take advantage of the
DQ metadata [2]. This paper thus proposes a visualization approach to reduce the amount of cognitive
resource required for such mental integration.

Bitterman, N, E Lerner, and H Bitterman. 2010, "Evaluation of Data Display for Patient-Oriented
Electronic Record of Anticoagulant Therapy." Telemedicine Journal and E-Health 16(7):799-806.

Objective: Our aim was to evaluate visualization methods for specific tasks performed with personal
healthcare e-record systems for lay adults and older patients. We investigated common visualization
methods for data entry and follow-up of personal and clinical information for self-control of blood
coagulation functions. Methods: Twenty-five old (72.2 +/- 5.5 years) and 25 young (30.4 +/- 4.9 years)
participants completed tasks based on common scenarios, on experimental Web sites with hidden tracking
programs. Functional parameters (time, accuracy), subjective parameters (preference, satisfaction), and
physiological parameters (heart rate, skin temperature, sweat, respiratory rate, and muscle tension)
monitored with miniature sensors were used. Results: Total time for data entry and information follow-up
were significantly longer for older compared with younger participants, with no significant differences in
accuracy (errors), in stress-related physiological parameters, in preferences, or in satisfaction between age
group. The Menu display was the significantly preferred configuration for data entry in both age groups,
based on functional, physiological, and subjective criteria (p < 0.05, Duncan test). The Calendar
configuration was significantly preferred for mixed tasks of follow-up and information retrieval, in both
age groups, based on functional, physiological, and subjective criteria (p < 0.05, Duncan test).
Conclusions: Our study supports equal capabilities of old and young people to use interactive healthcare
systems for management of chronic diseases and further encourages using physiological, functional, and
subjective methods for evaluating personal healthcare records.

Bittmann, RM, and R Gelbard. 2009, "Visualization of Multi-Algorithm Clustering for Better Economic
Decisions -- the Case of Car Pricing." Decision Support Systems 47(1):42-50.

Clustering decisions frequently arise in business applications such as recommendations concerning
products, markets, human resources, etc. Currently, decision makers must analyze diverse algorithms and
parameters on an individual basis in order to establish preferences on the decision-making issues they
face; because there is no supportive model or tool which enables comparing different result-clusters
generated by these algorithms and parameters combinations. The Multi-Algorithm-Voting (MAV)
methodology enables not only visualization of results produced by diverse clustering algorithms, but also
provides quantitative analysis of the results. The current research applies MAV methodology to the case
of recommending new-car pricing. The findings illustrate the impact and the benefits of such decision
support system.
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Bjork, S, et al. 2000, "Powerview - Using Information Links and Information Views to Navigate and
Visualize Information on Small Displays." in Lecture Notes in Computer Science, eds. P Thomas and
HW Gellersen, Vol 1927, pp. 46-62. Springer-Verlag, Berlin.

PowerView is a PDA application designed to support people with situational information, primarily
during conversations and meetings with other people. PowerView was designed to address a number of
issues in interface design concerning both information visualization and interaction on small, mobile
devices. In terms of information visualization, the system was required to provide the user With a single
integrated information System that enabled quick access to related information once an object of interest
had been selected. In terms of interaction, the system was required to enable easy and efficient
information retrieval, including single-handed use of the device. These problems were addressed by
introducing Information Links and Information Views. An evaluation of the application against the
standard application suite bundle of die PDA, a Casio Cassiopeia E-11, proved the interfaces equivalent
in usability even though the PowerView application uses a novel interface paradigm and the test subjects
were given no training time with the system.

Blaas, J, CP Botha, and FH Post. 2008, "Extensions of Parallel Coordinates for Interactive Exploration of
Large Multi-Timepoint Data Sets." Visualization and Computer Graphics, IEEE Transactions on
14(6):1436-51.

Parallel coordinate plots (PCPs) are commonly used in information visualization to provide insight
into multi-variate data. These plots help to spot correlations between variables. PCPs have been
successfully applied to unstructured datasets up to a few millions of points. In this paper, we present
techniques to enhance the usability of PCPs for the exploration of large, multi-timepoint volumetric data
sets, containing tens of millions of points per timestep. The main difficulties that arise when applying
PCPs to large numbers of data points are visual clutter and slow performance, making interactive
exploration infeasible. Moreover, the spatial context of the volumetric data is usually lost. We describe
techniques for preprocessing using data quantization and compression, and for fast GPU-based rendering
of PCPs using joint density distributions for each pair of consecutive variables, resulting in a smooth,
continuous visualization. Also, fast brushing techniques are proposed for interactive data selection in
multiple linked views, including a 3D spatial volume view. These techniques have been successfully
applied to three large data sets: Hurricane Isabel (Vis'04 contest), the ionization front instability data set
(Vis'08 design contest), and data from a large-eddy simulation of cumulus clouds. With these data, we
show how PCPs can be extended to successfully visualize and interactively explore multi-timepoint
volumetric datasets with an order of magnitude more data points.

Black, JB. 1995, "Using a Knowledge Representaitons Approach to Cognitive Task Analysis." In
Proceedings of the 1995 Annual National Convention of the Association for Educational Communications
and Technology, pp. 10-10.

Blanchard, J, et al. 2007, "A 2d-3d Visualization Support for Human-Centered Rule Mining." Computers
& Graphics 31(3):350-60.

On account of the enormous amounts of rules that can be produced by data mining algorithms,
knowledge post-processing is a difficult stage in an association rule discovery process. In order to find
relevant knowledge, the user needs to rummage through the rules. To make this task easier, we propose a
new interactive mining methodology based on well adapted dynamic visual representations. It allows the
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user to drive the discovery process by focusing his/her attention on limited subsets of rules. We have
implemented our methodology with two complementary 2D and 3D visualization supports. These
implementations exploit the user's focus to guide the generation of the rules by means of a specific
constraint-based rule-mining algorithm.

Blasio, AJ, and AM Bisantz. 2002, "A Comparison of the Effects of Data-Ink Ratio on Performance with
Dynamic Displays in a Monitoring Task." International Journal of Industrial Ergonomics 30(2):89-101.

This study investigated the applicability of recommendations for the design of graphs to the design of
dynamic graphic displays. Specifically, recommendations regarding the level of data-ink ratio (the ratio of
ink showing data to the total ink) were tested. Participants monitored dynamic process control variables in
one of three display conditions corresponding to high, medium, and low data-ink ratios. Speed of
response to out-of-range variables and level of situation awareness were measured, and aspects of
subjective mental workload were assessed. Results indicated some support for principles of non-data-ink
reduction: reaction times to out-of-range events were fastest for the highest data-ink ratio condition.
Reaction times were similar for the low and medium data-ink conditions, perhaps because these
conditions relied on the same graphical specifier. Level of situation awareness showed no effect of data-
ink ratio; however, participants appeared to have better awareness of variables, which changed more
frequently.Relevance to industry Increased capabilities and decreased costs of computer displays have
increased the likelihood that such technology will be applied in an industrial context. This study suggests
that while there may be some applicability of available design guidelines for static graphics to dynamic
displays, a simple translation of the guidelines from a static to dynamic environment is not a guarantee for
improved performance.

Blazy, S, and P Facon. 1997, "Application of Formal Methods to the Development of a Software
Maintenance Tool." In 12th International Conference on Automated Software Engineering, pp. 162-71.

Partial evaluation is an optimization technique traditionally used in compilation. We have adapted
this technique to the understanding of scientific application programs during their maintenance, and we
have implemented a tool that analyzes Fortran 90 application programs and performs an interprocedural
pointer analysis. This paper presents how we have specified this analysis with different formalisms
(inference rules with global definitions and set and relational operators). Then we present the tool
implementing these specifications. It has been implemented in a generic programming environment and a
graphical interface has been developed to visualize the information computed during the partial
evaluation (values of variables, already-analyzed procedures, scope of variables, removed statements,
etc.)

Blomé, M, CR Johansson, and P Odenrick. 2006, "Visualization of Ergonomic Guidelines -- a
Comparison of Two Computer Aided Systems to Support Vehicle Design." International Journal of
Industrial Ergonomics 36(6):571-80.

Guidelines are used in information and quality management systems to ensure high quality by
supporting design, production and communication processes. These guidelines can be presented as a
conventional system on an intranet suitable for printouts, visualized as a traditional text-based report with
a list of headings accompanied by tables and pictures or presented as paper documents in manuals or
binders. Such approaches do not always correspond to some companys' requirements for usability.
However, multimedia techniques can be used to visualize and let users interact with the information
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through hyperlinked text, pictures, and animations. The aim of this study was to design a computer aided
system of ergonomic guidelines visualized by means of interactive multimedia technology based on
cognitive theories and practical examples. Furthermore, the efficiency in and attitudes towards using the
interactive multimedia system were evaluated and compared with a conventional system which visualized
ergonomic guidelines in the form of a traditional report on scrollable web pages. The interactive
multimedia system was the result of a participatory design process with experts and potential users in
collaboration with Saab Automobile. The system was, in general, faster to use with lower dispersion in
performance speed and number of incorrect answers compared to the conventional system. No
statistically significant differences were found between males and females or between the five groups of
potential users. In addition, the interactive multimedia system was experienced as more enjoyable to use,
which is likely to promote interest and learning about ergonomic issues.Relevance to industry The results
from this study can be used to design and improve visualization of ergonomic guidelines on an intranet,
increase efficiency, and engender a positive attitude towards using ergonomic information.

Bloom, BS. 1956. Taxonomy of Educational Objectives: The Classificaiton of Educaitonal Goals:
Handbook I. Cognitive Domain. Longmans, Green, New York, NY.

Boccuzzo, S, and HC Gall. 2008, "Software Visualization with Audio Supported Cognitive Glyphs." In
IEEE International Conference on Software Maintenance, pp. 366-75.

There exist numerous software visualization techniques that aim to facilitate program comprehension.
One of the main concerns in every such software visualization is to identify relevant aspects fast and
provide information in an effective way. In previous work, we developed a cognitive visualization
technique and tool called CocoViz that uses common place metaphors for an intuitive understanding of
software structures and evolution. In this paper, we address software comprehension by a combination of
visualization and audio. Evolution and structural aspects are annotated with different audio to represent
concepts such as design erosion, code smells or evolution metrics. We use audio concepts such as
loudness, sharpness, tone pitch, roughness or oscillation and map those to properties of classes and
packages. As such we provide an audio annotation of software entities along their version history for
software analysis and software browsing. Our first results with the prototype and a small user study show
that with this combination of visual and aural means we can facilitate program comprehension and
provide additional information that usually is not provided by current visualization approaches.

Boff, KR. 2006, "Revolutions and Shifting Paradigms in Human Factors & Ergonomics." Applied
Ergonomics 37(4):391-99.

The "Revolution in Information Technology" has spawned a series of transformational revolutions in
the nature and practice of human factors and ergonomics (HFE). "Generation 1" HFE evolved with a
focus on adapting equipment, workplace and tasks to human capabilities and limitations. Generation 2,
focused on cognitive systems integration, arose in response to the need to manage automation and
dynamic function allocation. Generation 3 is focused on symbiotic technologies that can amplify human
physical and cognitive capabilities. Generation 4 is emergent and is focused on biological enhancement of
physical or cognitive capabilities. The shift from HFE Generations 1 and 2 to Generations 3 and 4
profoundly alters accepted boundary constraints on the adaptability of humans in complex systems
design. Furthermore, it has opened an ethical divide between those that see cognitive and physical
enhancement as a great benefit to society and those who perceive this as tampering with the fundamentals
of human nature.
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Bohlen, M, et al. 2003, "3d Visual Data Mining--Goals and Experiences." Computational Statistics &
Data Analysis 43(4):445-69.

The visual exploration of large databases raises a number of unresolved inference problems and calls
for new interaction patterns between multiple disciplines--both at the conceptual and technical level. We
present an approach that is based on the interaction of four disciplines: database systems, statistical
analyses, perceptual and cognitive psychology, and scientific visualization. At the conceptual level we
offer perceptual and cognitive insights to guide the information visualization process. We then choose
cluster surfaces to exemplify the data mining process, to discuss the tasks involved, and to work out the
interaction patterns.

Bohner, SA, et al. 2007, "Evolutional Insights from Uml and Source Code Versions Using Information
Visualization and Visual Analysis." In 4th IEEE International Workshop on Visualizing Sofiware for
Understanding and Analysis, pp. 145-48.

Risks associated with producing today's software applications are increasingly linked with size and
complexity - just too many aspects of software to fit in the head of even the most talented software
engineer. Understanding software entails more than browsing the source code or reviewing the models in
the other software artifacts. We use information visualization and visual analysis techniques to parse data
sets generated from UML and Java SDK source code versions to examine patterns. This visual
perspective provides relevant insights and additional navigation opportunities for software engineers
during development and maintenance activities.

Bolger, AF. 2006, "Do You See What I See?: Agreeing to Disagree." Journal of the American College of
Cardiology 47(1):129-30.

Bonsignore, EM, et al. 2009, "First Steps to Netviz Nirvana: Evaluating Social Network Analysis with
Nodexl." In International Conference on Computational Science and Engineering, pp. 332-39.

Social Network Analysis (SNA) has evolved as a popular, standard method for modeling meaningful,
often hidden structural relationships in communities. Existing SNA tools often involve extensive pre-
processing or intensive programming skills that can challenge practitioners and students alike. NodeXL,
an open-source template for Microsoft Excel, integrates a library of common network metrics and graph
layout algorithms within the familiar spreadsheet format, offering a potentially low-barrier-to-entry
framework for teaching and learning SNA. We present the preliminary findings of 2 user studies of
21 graduate students who engaged in SNA using NodeXL. The majority of students, while information
professionals, had little technical background or experience with SNA techniques. Six of the participants
had more technical backgrounds and were chosen specifically for their experience with graph drawing
and information visualization. Our primary objectives were (1) to evaluate NodeXL as an SNA tool for a
broad base of users and (2) to explore methods for teaching SNA. Our complementary dual case-study
format demonstrates the usability of NodeXL for a diverse set of users, and significantly, the power of a
tightly integrated metrics/visualization tool to spark insight and facilitate sense-making for students of
SNA.
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Booch, G. 2010, "Capstone Presentation Why Don' T Developers Draw Diagrams ?" In 5th International
Symposium on Software Visualization, pp. 4503-03.

Common sense (and common practice in other engineering disciplines) tells us that modeling is a
Good Thing. There is undeniable value in having and using simple, standard, and expressive graphical
notations to help one reason about complex artifacts. However, while software-intensive systems are
among the most complex of artifacts, reality is that the vast majority of developers live fully in the textual
dimension and, like Flatlanders, have no understanding of or desire for the visual dimension save for a
few diagrams with dubious semantics that they may hastily and ethereally sketch on a whiteboard. This
community (of SoftVis researchers) have produced some compelling ideas - but none of them are what
one can claim to be fully mainstream. This keynote will discuss why this is so and what we might do to
narrow this gap to attend to the pain points of developers.

Borchers, J, et al. 1996, "Layout Rules for Graphical Web Documents." Computers & Graphics
20(3):415-26.

The number of companies, institutions, and individuals competing for attention in the World Wide
Web is growing exponentially. This makes designing informative, easy-to-grasp, and visually appealing
documents not only important for user-friendly information presentation, but also the key to success for
any information provider. In this paper, we present layout guidelines for textual and graphical, static and
dynamic, 2-D and 3-D Web documents which are drawn from fields as diverse as typography, Gestalt
psychology, architecture, hypertext authoring, and human-computer interaction. Web documents are
classified into five basic types, and our layout rules are applied to each of these. Finally, we show how
currently evolving standards (HTML 3.0 for text and still graphics, Java for 2-D animation, and VRML
for 3-D worlds) support applying those rules.

Borgo, R, et al. 2010, "Evaluating the Impact of Task Demands and Block Resolution on the
Effectiveness of Pixel-Based Visualization." IEEE Transactions on Visualization and Computer Graphics
16(6):963-72.

Pixel-based visualization is a popular method of conveying large amounts of numerical data
graphically. Application scenarios include business and finance, bioinformatics and remote sensing. In
this work, we examined how the usability of such visual representations varied across different tasks and
block resolutions. The main stimuli consisted of temporal pixel-based visualization with a white-red color
map, simulating monthly temperature variation over a six-year period. In the first study, we included
5 separate tasks to exert different perceptual loads. We found that performance varied considerably as a
function of task, ranging from 75% correct in low-load tasks to below 40% in high-load tasks. There was
a small but consistent effect of resolution, with the uniform patch improving performance by around
6% relative to higher block resolution. In the second user study, we focused on a high-load task for
evaluating month-to-month changes across different regions of the temperature range. We tested both CIE
L*u*v* and RGB color spaces. We found that the nature of the change-evaluation errors related directly
to the distance between the compared regions in the mapped color space. We were able to reduce such
errors by using multiple color bands for the same data range. In a final study, we examined more fully the
influence of block resolution on performance, and found block resolution had a limited impact on the
effectiveness of pixel-based visualization.
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Born, S, et al. 2010, "lllustrative Stream Surfaces." IEEE Transactions on Visualization and Computer
Graphics 16(6):1329-38.

Stream surfaces are an intuitive approach to represent 3D vector fields. In many cases, however, they
are challenging objects to visualize and to understand, due to a high degree of self-occlusion. Despite the
need for adequate rendering methods, little work has been done so far in this important research area. In
this paper, we present an illustrative rendering strategy for stream surfaces. In our approach, we apply
various rendering techniques, which are inspired by the traditional flow illustrations drawn by Dallmann
and Abraham \&#x0026; Shaw in the early 1980s. Among these techniques are contour lines and
halftoning to show the overall surface shape. Flow direction as well as singularities on the stream surface
are depicted by illustrative surface streamlines. ;To go beyond reproducing static text book images, we
provide several interaction features, such as movable cuts and slabs allowing an interactive exploration of
the flow and insights into subjacent structures, e.g., the inner windings of vortex breakdown bubbles.
These methods take only the parameterized stream surface as input, require no further preprocessing, and
can be freely combined by the user. We explain the design, GPU-implementation, and combination of the
different illustrative rendering and interaction methods and demonstrate the potential of our approach by
applying it to stream surfaces from various flow simulations. ;

Borner, K, WR Hazlewood, and SM Lin. 2002, "Visualizing the Spatial and Temporal Distribution of
User Interaction Data Collected in Three-Dimensional Virtual Worlds." In 6th International Conference
on Information Visualization, pp. 25-31.

This paper reports work in progress on the analysis and visualization of the spatial and temporal
distribution of user interaction data collected in three-dimensional (3-D) virtual worlds. Two tools are
introduced. The "WorldMapper" reads in a so-called propdump file and creates a 2-D clickable map
showing the layout of the world as well as interaction possibilities such as teleports and clickable web
links. The second tool visualizes user interaction data such as navigation, chatting, and Web access
activity overlaid on the world neap. Resulting visualizations are meant to support social navigation,
design evaluation and optimization, and the study of virtual communities. Both tools are demonstrated on
a 19-person information treasure hunt for information in a 3-D virtual world. The paper concludes with a
discussion and an outlook.

Borner, K, et al. 2004, "Visualizing the Vlearn3d 2002 Conference in Space and Time." In Conference on
Visualization and Data Analysis, pp. 24-32.

This paper introduces a set of visualization tools that aim to support social navigation, the evaluation
and optimization of three-dimensional virtual worlds and the study of their evolving communities.
Previous work (Bomer Lin, 2001; Bomer et al., 2002) demonstrated how this toolset can be used to
analyze data acquired during a information treasure hunt. This paper extends and applies this tool set to
visualize an entire virtual Conference on the topic Virtual Learning in Three Dimensions (VLearn3D))
that was held in December 2002.

Borner, K, and A Scharnhorst. 2009, "Visual Conceptualizations and Models of Science." Journal of
Informetrics 3(3):161-72.

This is the Guest Editor's introduction to the Special Issue on "Science of Science: Conceptualizations
and Models of Science", Journal of Informetrics. The introduction discusses challenges towards a
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theoretically grounded and practically useful science of science. It provides a brief chronological review
of relevant work and argues for (1) the development of common frameworks for the comparison and
combination of existing approaches, theories, laws, and measurements, (2) the combination of
quantitative and qualitative studies of science, and (3) the operationalization of theoretical concepts in
terms of measurement and empirical evidence. Next, three visual conceptualizations of science are
discussed and compared. Each of them provides a framework for the comparison and combination of
existing works, means to combine quantitative and qualitative data, and helps to operationalize and
communicate theoretical concepts using empirical data. Last but not least, the contributions of and
interlinkages among the papers included in this issue are discussed.

Bottger, S, and H Barthel. 2010, "Fault Forest Visualization." In 5th International Symposium on
Software Visualization, pp. 219-20.

Bouchard, A, et al. 2008, "Evaluation of Information Visualization Approaches for an Enhanced
Recognized Maritime Picture - Art. No. 694510." In Conference on Optics and Photonics in Global
Homeland Security IV, pp. 94510-10.

This paper presents a MISR Visualization Experimental Environment which provides support to the
development, evaluation, experimentation, and transitioning of information visualization approaches to
emulate the essential elements of a future RMP. The environment provides a means of integrating and
sharing the output of visualization tools; storing, accessing and managing showcase examples of visual
representations via an underlying visualization reference model; and providing access to underlying data
sources supplied through simulation, representative data, and operational data. Visualization design and
experimentation activities are also briefly introduced. The MISR experimental environment may be used
to characterize the various techniques evaluated and the results of experiments will be introduced as
inputs of the environment knowledge base. It is expected that the experimentation undertaken, supported
by a MISR experimental environment, will identify novel visualization approaches to be integrated in the
future RMP and have the potential to enhance maritime domain awareness.

Boukhelifa, N, and F Chevalier. 2010, "Real-Time Aggregation of Wikipedia Data for Visual Analytics."
In IEEE Symposium on Visual Analytics Science & Technology, pp. 147-54.

Bourbeillon, J, C Garbay, and F Giroud. 2009, "Mass Data Exploration in Oncology: An Information
Synthesis Approach." Journal of Biomedical Informatics 42(4):612-23.

New technologies and equipment allow for mass treatment of samples and research teams share
acquired data on an always larger scale. In this context scientists are facing a major data exploitation
problem. More precisely, using these data sets through data mining tools or introducing them in a
classical experimental approach require a preliminary understanding of the information space, in order to
direct the process. But acquiring this grasp on the data is a complex activity, which is seldom supported
by current software tools. The goal of this paper is to introduce a solution to this scientific data grasp
problem. Illustrated in the Tissue MicroArrays application domain, the proposal is based on the synthesis
notion, which is inspired by Information Retrieval paradigms. The envisioned synthesis model gives a
central role to the study the researcher wants to conduct, through the task notion. It allows for the
implementation of a task-oriented Information Retrieval prototype system. Cases studies and user studies
were used to validate this prototype system. It opens interesting prospects for the extension of the model
or extensions towards other application domains.
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Bowden, EM, et al. 2005, "New Approaches to Demystifying Insight." Trends in Cognitive Sciences
9(7):322-28.

After a person has become stuck on a problem, they sometimes achieve a clear and sudden solution
through insight - the so-called Aha! experience. Because of its distinctive experience, the origins and
characteristics of insight have received considerable attention historically in psychological research.
However, despite considerable progress in characterizing insight, the underlying mechanisms remain
mysterious. We argue that research on insight could be greatly advanced by supplementing traditional
insight research, which depends on a few complex problems, with paradigms common in other domains
of cognitive science. We describe a large set of mini-insight problems to which multiple methods can be
applied, together with subjective reports to identify insight problem-solving. Behavioral priming and
neuroimaging methods are providing evidence about what, where, and how neural activity occurs during
insight. Such evidence constrains theories of component processes, and will help to demystify insight.

Bowman, I, and JDV Horn. 2010, "Large-Scale Neuroanatomical Visualization Using a Manifold
Embedding Approach." In IEEE Symposium on Visual Analytics Science & Technology, pp. 237-38.

Boyack, KW, and N Rahal. 2005, "Evaluation of Laboratory Directed Research and Development
Investment Areas at Sandia." Technological Forecasting and Social Change 72(9):1122-36.

Sandia National Laboratories conducts a variety of research projects each year under its Laboratory-
Directed Research and Development (LDRD) program. Recently, information visualization techniques
have been used with corporate data to map several LDRD investment areas for the purpose of
understanding strategic overlaps and identifying potential opportunities for future development outside of
our current technologies. Tools, techniques, and specific analyses are presented here. We find that these
tools and techniques hold great promise for aiding the future direction of the science and technology
enterprise.

Boyack, KW, BN Wylie, and GS Davidson. 2002, "Information Visualization, Human-Computer
Interaction, and Cognitive Psychology: Domain Visualizations." in Lecture Notes in Computer Science,
eds. K Borner and C Chen, Vol 2539, pp. 145-58. Springer-Verlag, Berlin.

Digital libraries stand to benefit from technology insertions from the fields of information
visualization, human-computer interaction, and cognitive psychology, among others. However, the
current state of interaction between these fields is not well understood. We use our knowledge
visualization tool, VxInsight, to provide several domain visualizations of the overlap between these fields.
Relevant articles were extracted from the Science Citation Indexes (SCI and Social SCI) using keyword
searches. An article map, a semantic (co-term) map, and a co-author network have been generated from
the data. Analysis reveals that while there are overlaps between fields, they are not substantial. However,
the most recent work suggests areas where future collaboration could have a great impact on digital
libraries of the future.

Bradley, E, D Roberts, and C Still. 2010, "Design of an Image Analysis Website for Phenological and
Meteorological Monitoring." Environmental Modelling & Software 25(1):107-16.

Web camera image databases and web-based services can be valuable components for a variety of
modelling applications, but are still areas of relatively new exploration. Investigating design and
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information flow for an online image archive and analysis site for plant phenology and meteorological
research has broader relevance to considerations of interoperability and website features. Currently,
numerous online weather cameras provide images, but have no or limited-utility archives and do not
support quantitative image analysis. We describe the design and implementation of a website
(http://zulu.geog.ucsb.edu/Data/camera.html) that both provides different display options for archived
image review, as well as the ability to chart time-series values extracted for user-specified regions of
interest. This interface is distinguished by content-enabled charts with the ability to click on data points
and directly access the corresponding image for reference purposes. A linked website to the
meteorological data from the camera station further extends the potential for exploratory analysis and
pedagogical utility. Online quantification of the color change related to plant senescence and insolation
impacts due to cloud cover are demonstrated. We conclude that dynamic web pages are a powerful and
useful tool for adding educational and scientific value to repeat digital photography systems.

Brandes, U, and J Lerner. 2008, "Visual Analysis of Controversy in User-Generated Encyclopedias."
Information Visualization 7(1):34-48.

Wikipedia is a large and rapidly growing Web-based collaborative authoring environment, where
anyone on the Internet can create, modify, and delete pages about encyclopedic topics. A remarkable
property of some Wikipedia pages is that they are written by up to thousands of authors who may have
contradicting opinions. In this paper, we show that a visual analysis of the 'who revises whom'-network
gives deep insight into controversies. We propose a set of analysis and visualization techniques that reveal
the dominant authors of a page, the roles they play, and the alters they confront. Thereby we provide tools
to understand how Wikipedia authors collaborate in the presence of controversy. Information
Visualization (2008) 7, 34-48. doi: 10.1057/palgrave.ivs.9500171

Brasch, S, L Linsen, and G Fuellen. 2009, "Vanlo - Interactive Visual Exploration of Aligned Biological
Networks." Bmc Bioinformatics 10:327.

Background: Protein-protein interaction (PPI) is fundamental to many biological processes. In the
course of evolution, biological networks such as protein-protein interaction networks have developed.
Biological networks of different species can be aligned by finding instances (e. g. proteins) with the same
common ancestor in the evolutionary process, so-called orthologs. For a better understanding of the
evolution of biological networks, such aligned networks have to be explored. Visualization can play a key
role in making the various relationships transparent. Results: We present a novel visualization system for
aligned biological networks in 3D space that naturally embeds existing 2D layouts. In addition to
displaying the intra-network connectivities, we also provide insight into how the individual networks
relate to each other by placing aligned entities on top of each other in separate layers. We optimize the
layout of the entire alignment graph in a global fashion that takes into account inter-as well as intra-
network relationships. The layout algorithm includes a step of merging aligned networks into one graph,
laying out the graph with respect to application-specific requirements, splitting the merged graph again
into individual networks, and displaying the network alignment in layers. In addition to representing the
data in a static way, we also provide different interaction techniques to explore the data with respect to
application-specific tasks. Conclusion: Our system provides an intuitive global understanding of aligned
PPI networks and it allows the investigation of key biological questions. We evaluate our system by
applying it to real-world examples documenting how our system can be used to investigate the data with
respect to these key questions. Our tool VANLO (Visualization of Aligned Networks with Layout
Optimization) can be accessed at http://www.math-inf.uni-greifswald.de/VANLO.
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Brath, R. 1997, "Concept Demonstration - Metrics for Effective Information Visualization." In IEEE
Symposium on Information Visualization, pp. 108-11.

Metrics for information visualization will help designers create and evaluate 3D information
visualizations. Based on experience from 60+ 3D information visualizations, the metrics we propose are:
number of data points and data density; number of dimensions and cognitive overhead; occlusion
percentage; and reference context and percentage of identifiable points.

Brath, R. 1997, "Metrics for Effective Information Visualization." In IEEE Symposium on Information
Visualization, pp. 108-11.

Metrics for information visualization will help designers create and evaluate 3D information
visualizations. Based on experience from 60+ 3D information visualizations, the metrics we propose are:
number of data points and data density; number of dimensions and cognitive overhead; occlusion
percentage; and reference context and percentage of identifiable points.

Bremm, S, and T Schreck. 2010, "Cluster Correspondence Views for Enhanced Analysis of Som
Displays." In IEEE Symposium on Visual Analytics Science & Technology, pp. 217-18.

Bresciani, S, and MJ Eppler. 2009, "The Benefits of Synchronous Collaborative Information
Visualization: Evidence from an Experimental Evaluation." Visualization and Computer Graphics, IEEE
Transactions on 15(6):1073-80.

A great corpus of studies reports empirical evidence of how information visualization supports
comprehension and analysis of data. The benefits of visualization for synchronous group knowledge
work, however, have not been addressed extensively. Anecdotal evidence and use cases illustrate the
benefits of synchronous collaborative information visualization, but very few empirical studies have
rigorously examined the impact of visualization on group knowledge work. We have consequently
designed and conducted an experiment in which we have analyzed the impact of visualization on
knowledge sharing in situated work groups. Our experimental study consists of evaluating the
performance of 131 subjects (all experienced managers) in groups of 5 (for a total of 26 groups), working
together on a real-life knowledge sharing task. We compare (1) the control condition (no visualization
provided), with two visualization supports: (2) optimal and (3) suboptimal visualization (based on a
previous survey). The facilitator of each group was asked to populate the provided interactive visual
template with insights from the group, and to organize the contributions according to the group
consensus. We have evaluated the results through both objective and subjective measures. Our statistical
analysis clearly shows that interactive visualization has a statistically significant, objective and positive
impact on the outcomes of knowledge sharing, but that the subjects seem not to be aware of this. In
particular, groups supported by visualization achieved higher productivity, higher quality of outcome and
greater knowledge gains. No statistically significant results could be found between an optimal and a
suboptimal visualization though (as classified by the pre-experiment survey). Subjects also did not seem
to be aware of the benefits that the visualizations provided as no difference between the visualization and
the control conditions was found for the self-reported measures of satisfaction a- - nd participation. An
implication of our study for information visualization applications is to extend them by using real-time
group annotation functionalities that aid in the group sense making process of the represented data.
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Bresciani, S, and MJ Eppler. 2009, "Beyond Knowledge Visualization Usability: Toward a Better
Understanding of Business Diagram Adoption." In /3th International Conference on Information
Visualisation, pp. 474-79.

Information visualization research typically focuses on the formal aspects of specific graphic
solutions in terms of their thinking and/or communication support. This type of analysis often focuses on
quantitative diagrams and emphasizes their attributes for specific tasks. Our contribution, by contrast,
focuses on qualitative visual solutions and the factors that contribute to their wider diffusion. As many
knowledge visualization solutions have not achieved wider use, the question of which factors foster
diagram adoption seems to be a particularly relevant but under- researched topic. In this paper we develop
and discuss three dimensions that foster knowledge visualization adoption: perceived ease of use,
perceived usefulness and perceived authority. We base our analysis on the Technology Adoption Model
by Davis and the Perceived Characteristics of Innovations by Rogers. We illustrate these dimensions and
their items through examples of business diagrams that have received wide recognition and we contrast
them with negative examples.

Brewer, I, et al. 2000, "Collaborative Geographic Visualization: Enabling Shared Understanding of
Environmental Processes." In IEEE Symposium on Information Vizualization, pp. 137-41.

We describe a prototype same-time/different-place collaborative geovisualization environment. We
outline an approach to understanding use and usability and present results of interviews with domain
experts about the ways in which collaborative visualization might enable groups to work at a distance.
One goal for our research is to design an effective and flexible system that can support group work on
environmental science research mediated through dynamic geovisualization displays. We are addressing
this goal using a four-step human-centered system design process, modeled on that proposed by (Gabbard
et al., 1999) for development and evaluation of virtual environments. The steps they delineate are: user
task analysis; expert guideline-based evaluation; formative user-centered evaluation; and summative
comparative evaluation

Brivio, P, M Tarini, and P Cignoni. 2010, "Browsing Large Image Datasets through Voronoi Diagrams."
IEEE Transactions on Visualization and Computer Graphics 16(6):1261-70.

Conventional browsing of image collections use mechanisms such as thumbnails arranged on a
regular grid or on a line,often mounted over a scrollable panel. However, this approach does not scale
well with the size of the datasets (number of images).In this paper, we propose a new thumbnail-based
interface to browse large collections of images. Our approach is based on weightedcentroidal anisotropic
Voronoi diagrams. A dynamically changing subset of images is represented by thumbnails and shown on
the screen. Thumbnails are shaped like general polygons, to better cover screen space, while still
reflecting the original aspect ratios or orientation of the represented images. During the browsing process,
thumbnails are dynamically rearranged, reshaped and rescaled. The objective is to devote more screen
space (more numerous and larger thumbnails) to the parts of the dataset closer to the current region of
interest, and progressively lesser away from it, while still making the dataset visible as a whole. During
the entire process, temporal coherence is always maintained. GPU implementation easily guarantees the
frame rates needed for fully smooth interactivity.
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Brodlie, K. 2005, "Models of Collaborative Visualization." in Exploring Geovisualization, eds. D Jason,
MM Alan and K Menno-Jan, pp. 463-75. Elsevier, Oxford.

As more and more research is tackled by teams, often geographically distributed, it becomes
increasingly important to find good approaches to "collaborative geovisualization". In this chapter, we
develop three models for collaborative visualization: in the first, there is a single application, but its
interface is shared amongst several researchers; in the second, each researcher runs their own instance of
a single application, keeping their input parameters synchronized; and in the third, each researcher runs
their own distinct application, independently of the others, but data may be passed between them. We
then discuss tools that support these three models of working, and report on practical experiences of using
these tools over a number of years, most recently in a collaborative geovisualization experiment with
colleagues in New Zealand.

Brown, KS. 1996, "Excitement and Emotion Mark Scientists' Fleeting Moments of Discovery." The
Scientist 10(23):1-5.

Bruckner, S, and T Méller. 2010, "Result-Driven Exploration of Simulation Parameter Spaces for Visual
Effects Design." IEEE Transactions on Visualization and Computer Graphics 16(6):1468-76.

Graphics artists commonly employ physically-based simulation for the generation of effects such as
smoke, explosions, and similar phenomena. The task of finding the correct parameters for a desired result,
however, is difficult and time-consuming as current tools provide little to no guidance. In this paper, we
present a new approach for the visual exploration of such parameter spaces. Given a three-dimensional
scene description, we utilize sampling and spatio-temporal clustering techniques to generate a concise
overview of the achievable variations and their temporal evolution. Our visualization system then allows
the user to explore the simulation space in a goal-oriented manner. Animation sequences with a set of
desired characteristics can be composed using a novel search-by-example approach and interactive direct
volume rendering is employed to provide instant visual feedback.

Bryden, A. 2010, "Collaborative Visualization of Structural Biology." In IEEE International Conference
on Information Visualization, pp. 1-2.

Buckeridge, DL, et al. 2002, "Making Health Data Maps: A Case Study of a Community/University
Research Collaboration." Social Science & Medicine 55(7):1189-206.

This paper presents the main findings from a collaborative community/university research project in
Canada. The goal of the project was to improve access to community health information, and in so doing,
enhance our knowledge of the development of community health information resources and
community/university collaboration. The project built on a rich history of community/university
collaboration in Southeast Toronto (SETO), and employed an interdisciplinary applied research and
action design. Specific project objectives were to: (1) develop via active community/university
collaboration a geographic information system (GIS) for ready access to routinely collected health data,
and to study logistical, conceptual and technical problems encountered during system development; and
(2) to document and analyze issues that can emerge in the process of community/university research
collaboration. System development involved iteration through community user assessment of need,
development or refinement of the GIS, and assessment of the GIS by community users. Collaborative
process assessment entailed analysis of archival material, interviews with investigators and participant
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observation. Over the course of the project, a system was successfully developed, and favorably assessed
by users. System development problems fell into four main areas: maintaining user involvement in system
development, understanding and integrating data, bringing disparate data sources together, and making
use of assembled data. Major themes emerging from the community/university collaborative research
process included separate community and university cultures, time as an important issue for all involved,
and the impact of uncertainty and ambiguity on the collaborative process.

Buddelmeijer, H, and S Trager. 2010, "Finding and Visualizing Relevant Subspaces for Clustering High-
Dimensional Astronomical Data Using Connected Morphological Operators." In /EEE Symposium on
Visual Analytics Science & Technology, pp. 35-42.

Buering, T, J Gerken, and H Reiterer. 2006, "User Interaction with Scatterplots on Small Screens - a
Comparative Evaluation of Geometric-Semantic Zoom and Fisheye Distortion." Visualization and
Computer Graphics, IEEE Transactions on 12(5):829-36.

Larger, higher resolution displays can be used to increase the scalability of information visualizations.
But just how much can scalability increase using larger displays before hitting human perceptual or
cognitive limits? Are the same visualization techniques that are good on a single monitor also the
techniques that are best when they are scaled up using large, high-resolution displays? To answer these
questions we performed a controlled experiment on user performance time, accuracy, and subjective
workload when scaling up data quantity with different space-time-attribute visualizations using a large,
tiled display. Twelve college students used small multiples, embedded bar matrices, and embedded time-
series graphs either on a 2 megapixel (Mp) display or with data scaled up using a 32 Mp tiled display.
Participants performed various overview and detail tasks on geospatially-referenced multidimensional
time-series data. Results showed that current designs are perceptually scalable because they result in a
decrease in task completion time when normalized per number of data attributes along with no decrease in
accuracy. It appears that, for the visualizations selected for this study, the relative comparison between
designs is generally consistent between display sizes. However, results also suggest that encoding is more
important on a smaller display while spatial grouping is more important on a larger display. Some
suggestions for designers are provided based on our experience designing visualizations for large displays

Bugajska, M. 2005, "Framework for Spatial Visual Design of Abstract Information." In 9th International
Conference on Information Visualization, pp. 713-23.

Spatially-organized information can be accessed and operated on rapidly and effortlessly, especially
when a spatial arrangement reveals the conceptual organization of information. Therefore, spatial
perception plays an important role for cognitive processing when interacting with abstract information.
The process of spatial information visualization is shaped by various factors including interactive,
perceptual, navigational as well as organizational and metaphorical aspects and as such requires an
interdisciplinary approach. Consequently, bringing the knowledge from different disciplines requires the
development of a framework which can host and classify the interdisciplinary features important in
designing effective spatial visualizations. In this paper we present a framework which manifests a holistic
approach in designing spatial visualization of abstract information.
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Bullinger, H-J, et al. 2010, "Towards User Centred Design (Ucd) in Architecture Based on Immersive
Virtual Environments." Computers in Industry 61(4):372-79.

This paper describes a generic concept of how to combine the experience of user centred design
(UCD) in the field of Human Computer Interaction (HCI) with the traditional approach of participatory
design (PD) in an architectural design process. Even if some basic requirements of this generic method
are not available yet, this paper will also describe an approach, which enables planners even now to
involve end users by using virtual environments (VE) as immersive and spatial prototype. It will be
described and illustrated by the way of example using the building project Centre of Virtual Engineering
of the Fraunhofer Institute for Industrial Engineering (IAO) in Stuttgart. It demonstrates that the transfer
of the UCD approach to architectural planning combined with the provision of an adequate prototype can
make a significant contribution towards an increase in quality and performance in building and
construction projects.

Bunte, K, et al. 2010, "Adaptive Local Dissimilarity Measures for Discriminative Dimension Reduction
of Labeled Data." Neurocomputing 73(7-9):1074-92.

Due to the tremendous increase of electronic information with respect to the size of data sets as well
as their dimension, dimension reduction and visualization of high-dimensional data has become one of the
key problems of data mining. Since embedding in lower dimensions necessarily includes a loss of
information, methods to explicitly control the information kept by a specific dimension reduction
technique are highly desirable. The incorporation of supervised class information constitutes an important
specific case. The aim is to preserve and potentially enhance the discrimination of classes in lower
dimensions. In this contribution we use an extension of prototype-based local distance learning, which
results in a nonlinear discriminative dissimilarity measure for a given labeled data manifold. The learned
local distance measure can be used as basis for other unsupervised dimension reduction techniques, which
take into account neighborhood information. We show the combination of different dimension reduction
techniques with a discriminative similarity measure learned by an extension of learning vector
quantization (LVQ) and their behavior with different parameter settings. The methods are introduced and
discussed in terms of artificial and real world data sets.

Burch, M, et al. 2008, "Cartesian Vs. Radial - a Comparative Evaluation of Two Visualization Tools." in
Lecture Notes in Computer Science, ed. G Bebis, Vol 5358, pp. 151-60. Springer-Verlag, Berlin.

Many recently developed information visualization techniques are radial variants of originally
Cartesian visualizations. Almost none of these radial variants have been evaluated with respect to their
benefits over their original visualizations. In this work we compare a radial and a Cartesian variant of a
visualization tool for sequences of transactions in information hierarchies. The Timeline Trees (TLT)
approach uses a Cartesian coordinate system to represent both the hierarchy and the sequence of
transactions whereas the The Timeline Trees (TRT) technique is the radial counterpart which makes use
of a radial tree, as well as circle slices and sectors to show the sequence of transactions. For the evaluation
we use both quantitative as well as qualitative evaluation methods including eye tracking.
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Burigat, S, and L Chittaro. 2008, "Interactive Visual Analysis of Geographic Data on Mobile Devices
Based on Dynamic Queries." Journal of Visual Languages & Computing 19(1):99-122.

The capabilities of current mobile devices, especially PDAs, are making it possible to design and
develop mobile applications that employ visual techniques for using geographic data in the field. These
applications can be extremely useful in areas as diverse as tourism, business, natural resources
management and homeland security. In this paper, we present a system aimed at supporting users in the
exploratory analysis of geographic data on PDAs through a highly interactive interface based on visual
dynamic queries. We propose alternative visualizations to display query results and present an
experimental evaluation aimed at comparing their effectiveness on a PDA in a tourist scenario. Our
findings provide an experimental confirmation of the unsuitability of the typical visualization, employed
by classic dynamic query systems, which displays only those results that fully satisfy a query, in those
cases where only sub-optimal results are obtainable. For such cases, the results of our study highlight the
usefulness of visualizations that display all results and their degree of satisfaction of the query.

Burigat, S, L Chittaro, and S Gabrielli. 2008, "Navigation Techniques for Small-Screen Devices: An
Evaluation on Maps and Web Pages." International Journal of Human-Computer Studies 66(2):78-97.

Several techniques have been proposed to support user navigation of large information spaces
(e.g., maps or web pages) on small-screen devices such as PDAs and Smartphones. In this paper, we
present the results of an evaluation that compared three of these techniques to determine how they might
affect performance and satisfaction of users. Two of the techniques are quite common on mobile devices:
the first one (DoubleScrollbar) is the standard combination of two scrollbars for separate horizontal and
vertical scrolling with zoom buttons to change the scale of the information space, the second one
(Grab&Drag) enables users to navigate the information space by directly dragging its currently displayed
portion, while zooming is handled through a slider control. The last technique (Zoom-Enhanced
Navigator or ZEN) is an extension and adaptation to mobile screens of Overview&Detail approaches,
which are based on displaying an overview of the information space together with a detail view of a
portion of that space. In these approaches, navigation is usually supported by (i) highlighting in the
overview which portion of space is displayed in the detail view, and (ii) allowing users to move the
highlight within the overview area to change the corresponding portion of space in the detail area. Our
experimental evaluation concerned tasks involving maps as well as web page navigation. The paper
analyzes in detail the obtained results in terms of task completion times, number and duration of user
interface actions, accuracy of the gained spatial knowledge, and subjective preferences.

Buring, T, J Gerken, and H Reiterer. 2007, "Dynamic Text Filtering for Improving the Usability of
Alphasliders on Small Screens." In 11th International Conference Information Visualization, pp. 145-49.

Previous research has shown that alphasliders are an effective tool for searching an alphabetically
sorted list when only limited screen space is available for the graphical user interface. To improve user
satisfaction, we propose equipping the widget with a novel text filter to dynamically limit the slider range.
In this way, users are supported in locating target items and in identifying records that are missing. The
results of a comparative user evaluation run on a personal digital assistant showed that 8 out of
12 participants preferred the filter widget to the classic interface. We further suggest an enhanced
alphaslider design to speed up user interaction.
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Buring, T, J Gerken, and H Reiterer. 2006, "User Interaction with Scatterplots on Small Screens - a
Comparative Evaluation of Geometric-Semantic Zoom and Fisheye Distortion." /EEE Transactions on
Visualization and Computer Graphics 12(5):829-36.

Existing information-visualization techniques that target small screens are usually limited to
exploring a few hundred items. In this article we present a scatterplot tool for Personal Digital Assistants
that allows the handling of many thousands of items. The application's scalability is achieved by
incorporating two alternative interaction techniques: a geometric-semantic zoom that provides smooth
transition between overview and detail, and a fisheye distortion that displays the focus and context
regions of the scatterplot in a single view. A user study with 24 participants was conducted to compare
the usability and efficiency of both techniques when searching a book database containing 7500 items.
The study was run on a pen-driven Wacom board simulating a PDA interface. While the results showed
no significant difference in task-completion times, a clear majority of 20 users preferred the fisheye view
over the zoom interaction. In addition, other dependent variables such as user satisfaction and subjective
rating of orientation and navigation support revealed a preference for the fisheye distortion. These
findings partly contradict related research and indicate that, when using a small screen, users place higher
value on the ability to preserve navigational context than they do on the ease of use of a simplistic,
metaphor-based interaction style.

Burkhard, RA. 2004, "Learning from Architects: The Difference between Knowledge Visualization and
Information Visualization." In 8th International Conference on Information Visualisation, pp. 519-24.

This paper focuses on an aspect which has been neglected, but which is decisive: The transfer of
knowledge to different stakeholders; especially the transfer of insights derived from information
visualization tools. In knowledge management the transfer of knowledge is a core process, which can be
improved by using our innate abilities to process visual representations. The potential of visualizations are
manifold. But business managers miss a holistic framework on the use of visualization methods for
information exploration and communication tasks. This paper analyzes how architects use visualizations
to amplify cognition and to transfer knowledge. It introduces a mediating framework that brings together
isolated research directions and defines the new research focus knowledge visualization. Knowledge
visualization examines the use of visualizations for the transfer of knowledge between at least
two peoples. We found that the new focus is decisive and has implications for researchers in information
visualization and knowledge management.

Burkhard, RA. 2005, "Towards a Framework and a Model for Knowledge Visualization: Synergies
between Information and Knowledge Visualization." in Knowledge and Information Visualization,
pp. 238-55. Springer-Verlag, Berlin.

Burkhard, RA, and M Meier. 2005, "Tube Map Visualization: Evaluation of a Novel Knowledge
Visualization Application for the Transfer of Knowledge in Long-Term Projects." Journal of Universal
Computer Science 11(4):473-94.

This article introduces two theoretical concepts for the emerging field Knowledge Visualization and
discusses a new visualization application that was used to communicate a long-term project to various
stakeholders in an organization. First, we introduce a theoretical framework and a model for Knowledge
Visualization. The framework and the model identify and relate the key-aspects for successful Knowledge
Visualization applications. Next, we present an evaluation of an implemented Knowledge Visualization
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application: The Tube Map Visualization. A quality development process had to be established in an
education centre for health care professions. Traditional project plans, flyers, and mails did not manage to
get the attention, did present overview and detail insufficiently, and did not motivate the employees for
actions. Because Visual Metaphors are effective for Knowledge Communication we developed a
customized Knowledge Map based on the tube system metaphor. The Tube Map Visualization illustrates
the whole project, where each tube line represents a target group and each station a milestone. The
visualization was printed as a poster and displayed at prominent locations in the organization. The
findings of an evaluation indicate that the Tube Map Visualization is a powerful metaphor to
communicate a complex project to different target groups and to build up a mutual story. The employees
considered it useful because it provides overview and detailed information in one image and because it
initiates discussion. The Tube Map Visualization is therefore helpful to complement traditional project
plans of ( 1) long-term projects where ( 2) different stakeholders are involved. The theoretical framework,
the model, and the findings have implications for researchers in the fields of Knowledge Management,
Knowledge Visualization, Information Visualization, and Communication Sciences.

Burmeister, D. 2005, "The Exchangeability of Speech by Cognitive Metaphors." In 9¢h International
Conference on Information Visualisation, pp. 89-96.

This article proceeds the reports regarding the development of learning techniques for deaf people
based on information visualization. It connects Piagets research about the use of symbol systems with
contributions taken from cognitive linguistics concerning cognitive metaphors. On the one hand it is
shown, that audible speech is only one of many ways to access abstract content. It is possible to exchange
it by visualizations of cognitive metaphors which are a proper visual aid used in special languages. On the
other hand a demonstrator program for a knowledge editor based on cognitive metaphors is introduced.
This editor may be a useful tool even for analyzing metaphors.

Burnett, M, et al. 2002, "End-User Programming of Time as an [ ]Ordinary' Dimension in Grid-Oriented
Visual Programming Languages." Journal of Visual Languages & Computing 13(4):421-47.

Specifying varying speeds and temporal relationships is necessary when programming graphical
animations, but support for temporal programming has usually been done by adding new language
features to a VPL, and these features must be mastered over and above the other aspects of the VPL.
However, some researchers have believed that time should be able to be treated like just another
dimension. In this paper, we explore whether programming of temporal relationships can be supported
usingexactly the same devices as in spatial programming in grid-oriented VPLs. Toward this end, we
provide a continuum of models aimed at this goal, with their advantages and disadvantages, and identify
core issues that help illuminate the essence of the problem. We also describe an empirical study
comparing one of these models against a widely used traditional approach. The results were that end users
were significantly more successful using the one model tested than with the traditional approach.

Butavicius, MA, and MD Lee. 2007, "An Empirical Evaluation of Four Data Visualization Techniques
for Displaying Short News Text Similarities." International Journal of Human-Computer Studies
65(11):931-44.

An experiment was conducted comparing user performance on four data visualization techniques--an

unstructured display condition consisting of a random one-dimensional (1D) list and three proximity-
based representations including a 1D list ranked by a greedy nearest-neighbor algorithm and two 2D
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spatial visualizations using the ISOMAP layout algorithm and multidimensional scaling (MDS).
Eighty-one participants completed an information retrieval task where the visualization techniques were
used to display a corpus consisting of 50 short news texts. Human pairwise similarity judgments for this
corpus were used to create the three proximity-based displays. Results demonstrated an advantage in
accuracy, the number of documents accessed, and, to a lesser extent, subjective confidence in these
displays over the Random List condition and in the 2D over the 1D displays. Similar, but smaller,
advantages were observed in the MDS display over ISOMAP however none of these pairwise
comparisons were statistically significant. A sequential analysis of participant actions in terms of the
proximity of document representations accessed provided some explanation for variations in performance
between the displays as well as indicating strategic differences in interactions particularly between
visualizations of different dimensionality.

Butkiewicz, T, R Chang, and Z Wartell. 2008, "Visual Analysis for Live Lidar Battlefield Change
Detection." In SPIE Defense and Security.

Butkiewicz, T, et al. 2007, "Analyzing Sampled Terrain Volumetrically with Regard to Error and
Geologic Variation." In SPIE Conference on Visualization and Data Analysis, pp. 649500-500-10.

Butkiewicz, T, et al. 2008, "Multi-Focused Geospatial Analysis Using Probes." IEEE transactions on
visualization and computer graphics 14(6):1165-72.

Traditional geospatial information visualizations often present views that restrict the user to a single
perspective. When zoomed out, local trends and anomalies become suppressed and lost; when zoomed in
for local inspection, spatial awareness and comparison between regions become limited. In our model,
coordinated visualizations are integrated within individual probe interfaces, which depict the local data in
user-defined regions-of-interest. Our probe concept can be incorporated into a variety of geospatial
visualizations to empower users with the ability to observe, coordinate, and compare data across multiple
local regions. It is especially useful when dealing with complex simulations or analyses where behavior in
various localities differs from other localities and from the system as a whole. We illustrate the
effectiveness of our technique over traditional interfaces by incorporating it within three existing
geospatial visualization systems: an agent-based social simulation, a census data exploration tool, and an
3D GIS environment for analyzing urban change over time. In each case, the probe-based interaction
enhances spatial awareness, improves inspection and comparison capabilities, expands the range of
scopes, and facilitates collaboration among multiple users.

Buxton, B. 2007, "References and Bibliography." in Sketching User Experiences: Getting the Design
Right and the Right Decision, pp. 421-35. Morgan Kaufmann, Burlington.

Byelas, H, and A Telea. 2009, "Towards Realism in Drawing Areas of Interest on Architecture
Diagrams." Journal of Visual Languages and Computing 20(2):110-28.

Areas of interest (AOIls) are defined as groups of elements of system architecture diagrams that share
some common property. Visualizing AOIs is a useful addition to plain diagrams, such as UML diagrams.
Some methods have been proposed to automatically draw AOIs on UML diagrams. However, it is not
clear whether actual users perceive the results of such methods to be better or worse as compared to
human-drawn AOI, and what needs to be improved. We present here a process of studying and improving
the perceived quality of computer-drawn AOL For this, we conducted a qualitative evaluation that
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delivered insight in how users perceive the quality of computer-drawn AOIs as compared to hand-drawn
diagrams. Following these results, we derived and implemented several improvements to an existing
algorithm for computer-drawn AQOIs. Next, we designed a distance metric to quantitatively compare
different AOI drawings, and used this metric to show that our improved rendering algorithm creates
drawings which are closer to (good) human drawings than the original rendering algorithm. We present
here the results of the user evaluation, our improved algorithm for drawing AOIs, and the quantitative
analysis performed to compare different drawings. The combined user evaluation, algorithmic
improvements, and quantitative comparison method support our claim of having improved the perceived
quality and understandability of AOI rendered on architecture diagrams. (C) 2008 Elsevier Ltd. All rights
reserved.

Byrne, MD, R Catrambone, and JT Stasko. 1999, "Evaluating Animations as Student Aids in Learning
Computer Algorithms." Computers & Education 33(4):253-78.

We conducted two experiments designed to examine whether animations of algorithms would help
students learn the algorithms more effectively. Across the two studies we used two different algorithms --
depth-first search and binomial heaps -- and used two different subject populations -- students with little
or no computer science background and students who were computer science majors -- and examined
whether animations helped students acquire procedural and conceptual knowledge about the algorithms.
The results suggest that one way animations may aid learning of procedural knowledge is by encouraging
learners to predict the algorithm's behavior. However, such a learning improvement was also found when
learners made predictions of an algorithm's behavior from static diagrams. This suggests that prediction,
rather than animation per se, may have been the key factor in aiding learning in the present studies. These
initial experiments served to highlight a number of methodological issues that need to be systematically
addressed in future experiments in order to fully test the relationship between animation and prediction as
well as to examine other possible benefits of animations on learning.

Byung-Geuk, K, et al. 1997, "An Integrated Visualization Framework for Interprocessor Communication
Using 3-D Virtual Space." In High-Performance Computing on the Information Superhighway, pp. 383-
88.

As a parallel system employs more processors to become more complex, it is very hard to understand,
evaluate, and tune the system without the aid of the performance information visualization. Many
researchers have found that the criteria of good visualization usually include scalability, multiple views,
context and user interaction. In spite of much research in performance visualization of a parallel system,
only a few results are available which meet those criteria in an integrated fashion. The paper presents an
integrated visualization framework satisfying those criteria for interprocessor communication using 3-D
virtual space. The proposed framework is currently applied to a parallel system SPAX (Scalable Parallel
Architecture computer based on Xcent-net) being developed by the ETRI (Electronics and
Telecommunications Research Institute)

Caat, M, NM Maurits, and JBTM Roerdink. 2007, "Design and Evaluation of Tiled Parallel Coordinate
Visualization of Multichannel Eeg Data." Visualization and Computer Graphics, IEEE Transactions on
13(1):70-79.

The field of visualization assists data interpretation in many areas, but does not manage all types of
data equally well. This holds, in particular, for time-varying multichannel EEG data. No existing method
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can successfully visualize simultaneous information from all channels in use at all time steps. To address
this problem, a new visualization method is presented based on the parallel coordinate method and
making use of a tiled organization. This tiled organization employs a two-dimensional row-column
representation, rather than a one-dimensional arrangement in columns as used for classical parallel
coordinates. The usefulness of the new method, referred to as tiled parallel coordinates (TPC), is
demonstrated by a particular type of EEG data. It can be applied to an arbitrary number of time steps,
handling the maximum number of channels currently in use. An extensive user evaluation shows that, for
a typical EEG assessment task, data evaluation by the TPC method is faster than by an existing clinical
EEG visualization method, without loss of information. The generality of the TPC method makes it
widely applicable to other time-varying multivariate data types

Cadik, M, and P Slavik. 2004, "Evaluation of Two Principal Approaches to Objective Image Quality
Assessment." In 8th International Conference on Information Visualization, pp. 513-18.

Nowadays, it is evident that we must consider human perceptual properties to visualize information
clearly and efficiently. We may utilize computational models of human visual systems to consider human
perception well. Image quality assessment is a challenging task that is traditionally approached by such
computational models. Recently, a new assessment methodology based on structural similarity has been
proposed. We select two representative models of each group, the visible differences predictor and the
structural similarity index, for evaluation. We begin with the description of these two approaches and
models. We then depict the subjective tests that we have conducted to obtain mean opinion scores. Inputs
to these tests included uniformly compressed images and images compressed non-uniformly with regions
of interest. Then, we discuss the performance of the two models, and the similarities and differences
between the two models. We end with a summary of the important advantages of each approach.

Cai, G, and B Tomaszewski. 2006, "Understanding Government Contexts in Geocollaborative Crisis
Management." In //th International Conference on Intelligent User Interfaces, pp. 441-42.

This panel presentation serves as a forum for sharing perspectives, methodologies, experiences, and
lessons on how geocollaborative crisis management (GCCM) is facilitated and supported by advanced
information technologies in a variety of government contexts. The goal is to generate intellectual synergy
towards understanding the scientific and practical issues for effective facilitation of GCCM.

Caldwell, BS. 2008, "Knowledge Sharing and Expertise Coordination of Event Response in
Organizations." Applied Ergonomics 39(4):427-38.

This paper provides an overview of opportunities and challenges for expert coordination, knowledge
sharing, and task performance using advanced information and communication technologies. Evolving in
part from [Hendrick, H., 1991. Ergonomics in organizational design and management. Ergonomics 34(6),
743-756] discussion of macroergonomics, this paper describes the author's framework for systems
engineering analysis of information flow and performance at team and organizational units of analysis.
Work in the author's research lab has focused on several aspects of information technology use and team
interactions to support shared understandings, task demands, and effective responses in responses to
events. Multiple empirical studies are summarized describing evaluations of technology use, task cycles
and expert knowledge coordination in several settings, including aerospace, healthcare, and project
management.
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Callahan, SP, et al. 2006, "Vistrails: Visualization Meets Data Management." In SIGMOD International
Conference on Management of Data, pp. 745-47.

Scientists are now faced with an incredible volume of data to analyze. To successfully analyze and
validate various hypothesis, it is necessary to pose several queries, correlate disparate data, and create
insightful visualizations of both the simulated processes and observed phenomena. Often, insight comes
from comparing the results of multiple visualizations. Unfortunately, today this process is far from
interactive and contains many error-prone and time-consuming tasks. As a result, the generation and
maintenance of visualizations is a major bottleneck in the scientific process, hindering both the ability to
mine scientific data and the actual use of the data. The VisTrails system represents our initial attempt to
improve the scientific discovery process and reduce the time to insight. In VisTrails, we address the
problem of visualization from a data management perspective: VisTrails manages the data and metadata
of a visualization product. In this demonstration, we show the power and flexibility of our system by
presenting actual scenarios in which scientific visualization is used and showing how our system
improves usability, enables reproducibility, and greatly reduces the time required to create scientific
visualizations.

Cammarano, M, et al. 2007, "Visualization of Heterogeneous Data." Computer 13(6):1200-07.

Both the resource description framework (RDF), used in the semantic web, and Maya Viz u-forms
represent data as a graph of objects connected by labeled edges. Existing systems for flexible
visualization of this kind of data require manual specification of the possible visualization roles for each
data attribute. When the schema is large and unfamiliar, this requirement inhibits exploratory
visualization by requiring a costly up-front data integration step. To eliminate this step, we propose an
automatic technique for mapping data attributes to visualization attributes. We formulate this as a schema
matching problem, finding appropriate paths in the data model for each required visualization attribute in
a visualization template.

Campbell, BD, et al. 2008, "Emergency Response Planning and Training through Interactive Simulation
and Visualization with Decision Support." Architecture:176-80.

Teams of first responders work together to effectively manage a community-wide crisis.
Traditionally, key groups such as police, fire, and medical are each trained for specific emergency
procedures. Emergency response teams design training exercises to augment an individual's cognition
associated with performing time critical roles. The aggregation of all individual cognition, distributed
through communications, suggests a situation awareness that an incident commander requires to perform
optimal decision-making. We are developing a computer-supported simulation environment with a
decision support tool called the RimSim, to facilitate emergency response planning and training of first
responders. We modularize RimSim for synchronous multi-player use or asynchronous individual use
with simulated participants. Through interactive computer- supported role-play with shared visualizations,
we are able to study distributed cognition with a long-term goal of identifying opportunities for improving
information management during emergency response. We aim to improve mindful distributed cognition
for first responders during emergency response to natural and man-made crises.
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Campbell, C, et al. 2010, "Multi-Viz Data Fusion Vast 2010 Grand Challenge Award : Outstanding
Debrief." In IEEE Symposium on Visual Analytics Science & Technology, pp. 265-66.

Campbell, C, et al. 2010, "Protoviz and Processing : Tracing the Mutations of Disease Vast 2010 Mini
Challenge 3." In /EEE Symposium on Visual Analytics Science & Technology.

Campbell, CS, and PP Maglio. 1999, "Facilitating Navigation in Information Spaces: Road-Signs on the
World Wide Web." International Journal of Human-Computer Studies 50(4):309-27.

A series of experiments was conducted to evaluate whether simple hyperlink annotations--traffic
lights that represent Internet connection speeds--can facilitate web navigation. Traffic lights are small red,
yellow or green images added around the anchor text of each link indicating its connection speed, red for
slow, yellow for somewhat fast and green for fastest. The first two experiments showed that traffic lights
do not facilitate perceptual processes involved in web navigation (i.e., link localization and visual search).
However, traffic lights also do not distract from the process of finding links in hypertext documents and,
thus have no perceptual performance cost. The third experiment showed that traffic lights facilitate web
navigation performance by improving link evaluation and decision processes. This improvement is
particularly marked when link relevance is low or undifferentiated. It was concluded that supplying users
with information about Internet connection speeds improves web navigation performance. Thus, traffic
lights provide functional cues for efficiently navigating the web.

Canas, AJ, et al. 2005, "Concept Maps: Integrating Knowledge and Information Visualization." in
Knowledge and Information Visualization, pp. 205-19. Springer-Verlag, Berlin.

Cao, N, et al. 2010, "Facetatlas: Multifaceted Visualization for Rich Text Corpora." [EEE Transactions
on Visualization and Computer Graphics 16(6):1172-81.

Documents in rich text corpora usually contain multiple facets of information. For example, an article
about a specific disease often consists of different facets such as symptom, treatment, cause, diagnosis,
prognosis, and prevention. Thus, documents may have different relations based on different facets.
Powerful search tools have been developed to help users locate lists of individual documents that are most
related to specific keywords. However, there is a lack of effective analysis tools that reveal the
multifaceted relations of documents within or cross the document clusters. In this paper, we present
FacetAtlas, a multifaceted visualization technique for visually analyzing rich text corpora. FacetAtlas
combines search technology with advanced visual analytical tools to convey both global and local
patterns simultaneously. We describe several unique aspects of FacetAtlas, including (1) node cliques and
multifaceted edges, (2) an optimized density map, and (3) automated opacity pattern enhancement for
highlighting visual patterns, (4) interactive context switch between facets. In addition, we demonstrate the
power of FacetAtlas through a case study that targets patient education in the health care domain. Our
evaluation shows the benefits of this work, especially in support of complex multifaceted data analysis.

Cao, YW, et al. 2007, "A Toolkit to Support Dynamic Social Network Visualization." eds. GP Qiu, et al.,
Vol 4781, pp. 512-23. Springer-Verlag, Berlin.

In this paper we introduce the design, implementation and evaluation of the Dynamic Visualization

Toolkit (DyVT) to support complex dynamic social network visualization. Dynamic aspects of social
networks such as spatiotemporal as well as personalized information can be visualized in a common
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toolkit. To that end, an XML-based target language DyVTML is an extension of existing schemata
enabling expression, storage and interchange of rich animated social network data. With the language and
the available tool support, even less-experienced users can visualize temporal data in animations and
spatial data in maps and personalize it with icons and colors. The prototype is evaluated by the
visualization of large mailing list data sets.

Cappetti, N, and E Santoro. 1998, "An Application of Computer Visualisation for Solving a Mechanical
Design by Fuzzy Set." In 2nd International Conference on Information Visualization, pp. 69-75.

A computer visualisation application has been presented for the fuzzy evaluation of windscreen wiper
systems which must satisfy several requirements. Some requirements are modelled by fuzzy sets, and a
compensating arithmetic mean is utilised for computing the overall performance. A computer animation
of the wiper mechanism motion and rainfall is shown, which enables experts, drivers and passengers to
evaluate their degree of satisfaction and the correctness of their judgements. This fuzzy evaluation
approach is illustrated by considering five &ldquo;subjective&rdquo; requirements (driver visibility,
passenger visibility, wiped surface, visibility sensation and trouble sensation), and three design
alternatives (traditional single- and double-wiped systems and a variable course system). The results are
shown

Caquard, S, and DRF Taylor. 2005, "Chapter 12 Art, Maps and Cybercartography: Stimulating
Reflexivity among Map-Users." in Modern Cartography Series: Cybercartography, Theory and Practice,
ed. DRF Taylor, Vol Volume 4, pp. 285-307. Academic Press.

In this chapter the case is made for encouraging reflexivity by making map-users aware that any map
is a "construction of the image of space" and is thus inherently subjective. Informing map-users of the
constructed dimension of maps is particularly vital given the exponential production of maps via the
Internet. This growth expands the presence of potentially dogmatic and misleading messages. To address
these issues, the interrelation between aesthetics, science and technology, and its impact on the perception
of maps by most users is discussed. On the one hand cartographers have widely used the aesthetic
dimension of art to increase the impression of objectivity associated with maps and on the other hand,
developments in the humanities provide grounds to challenge this concept of map objectivity. In this
context the potential of cybercartography to combine multiple media, art, technologies, and perspectives
into maps is highlighted. This chapter concludes by arguing for stronger presence of artistic creativity and
social criticism in maps on the Internet to stimulate map reflexivity.

Card, S. 2004, "Foreword." in Information Visualization: Perception for Design, pp. xvii-xviii. Academic
Press, San Diego.

Card, S. 2004, "From Information Visualization to Sensemaking: Connecting the Mind's Eye to the
Mind's Muscle." In IEEE Symposium on Information Visualization.

Looking back on the tenth anniversary of the first Symposium on Information Visualization, much
has been accomplished. The computer's power has been exploited to give quick visual form to abstract
data, to interact, and to warp detail to follow the user's changing interest. Moreover, the design space of
visualizations has been systematized with reference models, taxonomies, and monographs relating
visualization to perceptual and graphical constraints. Looking ahead, however, I will argue that the era of
pure information visualization is over. The path ahead depends on giving much more attention to the
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purposes of visualization and its use. Leaving aside communication, the purpose of information
visualization is insight, or more particularly, a larger process that might be called sensemaking. I will
sketch out the nature of sensemaking, exemplify it empirically in a practical, urgent setting, and suggest
how theories of sensemaking could be developed. I will then describe systems that subsume information
visualization as part of an emerging class of sensemaking systems combining visualization (the mind's
eye) with semantic content analysis and sensemaking operations (the mind's muscle). Not surprisingly, a
focus on sensemaking is a good generator of new visualizations. But these developments also suggest that
it may be time for the information visualization field to alter its boundaries to go beyond the merely
visual.

Card, S, J Mackinlay, and B Shneiderman. 1999. Readings in Information Visualization: Using Vision to
Think. Mogan Kaufmann Publishers, San Francisco, CA.

Card, SK, and J Mackinlay. 1997, "The Structure of the Information Visualization Design Space." In
IEEE Symposium on Information Visualization.

Research on information visualization has reached the point where a number of successful point
designs have been proposed and a variety of techniques have been discovered. It is now appropriate to
describe and analyze portions of the design space so as to understand the differences among designs and
to suggest new possibilities. This paper proposes an organization of the information visualization
literature and illustrates it with a series of examples. The result is a framework for designing new
visualizations and augmenting existing designs.

Card, SK, P Pirolli, and JD Mackinlay. 1994, "The Cost-of-Knowledge Characteristic Function: Display
Evaluation for Direct-Walk Dynamic Information Visualizations." In Human Factors in Computing
Systems: Celebrating Interdependence, pp. 238-44.

Card, SK, GG Robertson, and JD Mackinlay. 1991, "The Information Visualizer, an Information
Workspace." In SIGCHI conference on Human factors in computing systems: Reaching through
technology pp. 181-86.

Cardinaels, E, and PMG van Veen-Dirks. 2010, "Financial Versus Non-Financial Information: The
Impact of Information Organization and Presentation in a Balanced Scorecard." Accounting,
Organizations and Society 35(6):565-78.

This paper investigates how the organization and presentation of performance measures affect how
evaluators weight financial and non-financial measures when evaluating performance. We conduct
two experiments, in which participants act as senior executives charged with evaluating two business-unit
managers. Performance differences between business units are contained in either a financial or one of the
three non-financial categories. Specifically, the first experiment studies how organizing measures in a
Balanced Scorecard (BSC) format affects performance evaluations. Our results show that when the
performance differences are contained in the financial category, evaluators that use a BSC-format place
more weight on financial category measures than evaluators using an unformatted scorecard. Conversely,
when performance differences are contained in the non-financial categories, whether measures are
organized into a BSC-format or into an unformatted scorecard has no impact on the evaluation. The
second experiment shows that when performance markers are added to the scorecards (i.e., +, -, and =
signs for above-target, below-target, and on-target performance), evaluators that use a BSC-format weight
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measures in any category containing a performance difference more heavily than evaluators using an
unformatted scorecard. Our findings suggest that firms should carefully consider how to present and
organize measures to get the intended effect on performance evaluations.

Carenini, G, and JD Moore. 2006, "Generating and Evaluating Evaluative Arguments." Artificial
Intelligence 170(11):925-52.

Evaluative arguments are pervasive in natural human communication. In countless situations people
attempt to advise or persuade their interlocutors that something is desirable (vs. undesirable) or right (vs.
wrong). With the proliferation of on-line systems serving as personal advisors and assistants, there is a
pressing need to develop general and testable computational models for generating and presenting
evaluative arguments. Previous research on generating evaluative arguments has been characterized by
two major limitations. First, researchers have tended to focus only on specific aspects of the generation
process. Second, the proposed approaches were not empirically tested. The research presented in this
paper addresses both limitations. We have designed and implemented a complete computational model
for generating evaluative arguments. For content selection and organization, we devised an argumentation
strategy based on guidelines from argumentation theory. For expressing the content in natural language,
we extended and integrated previous work in computational linguistics on generating evaluative
arguments. The key knowledge source for both tasks is a quantitative model of user preferences. To
empirically test critical aspects of our generation model, we have devised and implemented an evaluation
framework in which the effectiveness of evaluative arguments can be measured with real users. Within
the framework, we have performed an experiment to test two basic hypotheses on which the design of the
computational model is based; namely, that our proposal for tailoring an evaluative argument to the
addressee's preferences increases its effectiveness, and that differences in conciseness significantly
influence argument effectiveness. The second hypothesis was confirmed in the experiment. In contrast,
the first hypothesis was only marginally confirmed. However, independent testing by other researchers
has recently provided further support for this hypothesis.

Carpendale, S. 2008, "Evaluating Information Visualizations." in Information Visualization, Vol 4950,
pp- 19-45. Springer-Verlag, Berlin.

Information visualization research is becoming more established, and as a result, it is becoming
increasingly important that research in this field is validated. With the general increase in information
visualization research there has also been an increase, albeit disproportionately small, in the amount of
empirical work directly focused on information visualization. The purpose of this chapter is to increase
awareness of empirical research in general, of its relationship to information visualization in particular; to
emphasize its importance; and to encourage thoughtful application of a greater variety of evaluative
research methodologies in information visualization. © 2008 Springer-Verlag Berlin Heidelberg.
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Carr, DB. 2001, "Graphics in the Physical Sciences." in Encyclopedia of Physical Science and
Technology, ed. AM Robert, pp. 1-14. Academic Press, New York.

Carr, DB. 2005, "Some Recent Graphics Templates and Software for Showing Statistical Summaries." in
Handbook of Statistics, eds. EJ Wegman and JL Solka, Vol 24, pp. 415-36. Elsevier.

Carriere, J, and R Kazman. 1995, "Research Report. Interacting with Huge Hierarchies: Beyond Cone
Trees." In IEEE Symposium on Information Visualization, pp. 74-81.

The paper describes an implementation of a tool for visualizing and interacting with huge information
hierarchies, and some preliminary empirical evaluation of the tool's efficacy. Existing systems for
visualizing huge hierarchies using cone trees "break down" once the hierarchy to be displayed exceeds
roughly 1000 nodes, due to increasing visual clutter. The paper describes a system called fsviz which
visualizes arbitrarily large hierarchies while retaining user control. This is accomplished by augmenting
cone trees with several graphical and interaction techniques: usage-based filtering, animated zooming,
hand-coupled rotation, fish-eye zooming, coalescing of distant nodes, texturing, effective use of colour
for depth cueing, and the applications of dynamic queries. The fsviz system also improves upon earlier
cone tree visualization systems through a more elaborate node layout algorithm. This algorithm enhances
the usefulness of cone tree visualization for large hierarchies by all but eliminating clutter.

Carroll, JM. 2010, "Conceptualizing a Possible Discipline of Human-Computer Interaction." Interacting
with Computers 22(1):3-12.

This essay is a personal reflection on John Long's keynote address at the BCS People and Computers
meeting in Nottingham in the summer of 1989. I try to locate the paper's purpose and significance within
the history of human-computer interaction (HCI), both prior to 1989 and subsequently, and particularly
with respect to the abiding questions of what sort of enterprise HCI is, and of what sorts of knowledge it
uses and produces.

Carroll, JM. 2003, "References." in Hci Models, Theories, and Frameworks, ed. MC John, pp. 475-519.
Morgan Kaufmann, San Francisco.

Carroll, JM, and MB Rosson. 2008, "Theorizing Mobility in Community Networks." International
Journal of Human-Computer Studies 66(12):944-62.

Community networks emerged in North America during the late 1970s and early 1980s. During the
past three decades, paradigms for networked information, services, and collaboration as resources for
community development have evolved in many respects. In this paper we revisit a theoretical analysis of
broadband Internet community networks [Carroll, J.M., Rosson, M.B., 2003a. A trajectory for community
networks. The Information Society 19(5), 381-393], and extend that analysis to mobile/wireless
community networks. This analysis is part of the planning for a specific municipal wireless project in the
town of State College, Pennsylvania. But more broadly, it is intended to engage and to help focus human-
computer interaction (HCI) design perspectives in the development of wireless community networks
throughout North America and elsewhere.
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Cartwright, W. 2003, "Chapter 3 - Maps on the Web." in Maps and the Internet, ed. P Michael, pp. 35-56.
Elsevier Science, Oxford.

Summary Providing maps on the Web and the different strategies required for Web Cartography has
changed the genre of the communication of geographical information. Web cartography, in its portrayal
methods and viewing conditions, differs from paper maps, including these produced by CAD or DeskTop
Publishing (DTP) packages.

Cartwright, WE. 2005, "Chapter 14 Linking Geographical Facts with Cartographic Artifacts." in Modern
Cartography Series: Cybercartography - Theory and Practice, ed. DRF Taylor, Vol Volume 4, pp. 331-
47. Academic Press.

The design of a paper atlas took into account how the various elements -- maps, diagrams,
photographs, etc. -- could be "fused" to provide a harmonious and complete product. Paper atlases
allowed users to explore geography through the use of cartographic artifacts alongside presentations of
geographical facts. Now, we are presented with a myriad of Rich Media alternatives and interactive and
online enhancements with atlases delivered through the Internet, and particularly the World Wide Web
(WWW). It could be argued that cartographic publishers of online products may be guilty of planning to
assault their potential users with a bombardment of geographical resources and tools. The combination of
an efficient delivery mechanism, the Web; engaging information displays, New Media products; powerful
tools for exploring geography, maps; online access to current geographical information, data resources
available via Web-enabled repositories; and good interface and interaction practice, innovative maps and
maprelated products; can provide a wonderful mechanism for data prospecting and information mining.
Consequently, there is now much interest in ensuring that such packages are designed and built in a way
that best exploits existing and evolving media, both delivery medium and access/usage medium. This
chapter explores the elements of the design of contemporary New Media atlas products, and how
designers need to focus on how best to deliver both geographical facts and cartographic artifacts so as to
ensure the provision of an "exploitable" information resource.

Carvalho, E, et al. 2008, "A Prototype for Cartographic Human Body Analysis." Computer Graphics and
Applications, IEEE 28(5):16-21.

A cartographic-oriented model uses algebraic map operations to perform spatial analysis of medical
data relative to the human body. A prototype system uses 3D visualization techniques to deliver analysis
results. A prototype implementation suggests the model might provide the basis for a medical application
tool that introduces new information insight.

Carvalho, ES. 1998, "An Application Model for Scientific Visualization in Hydrologic Basins
Management." In /EEE International Conference on Information Visualization, pp. 93-98.

Scientific visualization is a science of great importance nowadays. There are already several visual
techniques, but in the field of hydrological basins there are still many questions to be answered. There is
no computer application model that uses scientific visualization techniques as a key for information
transmission in this scientific area. Another important aspect is that hydrological basins imply
geographical data too. This means that GIS techniques and potentialities should be also considered. As a
matter of fact, there is a lack of proper computer models in this area. Such a model should include some
of the emerging hybrid aspects that are appearing in scientific visualization and in general systems design.
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It should combine GIS and scientific visualization techniques properly. This paper introduces a computer
application model that can be used to develop an application for hydrological basin management, defining
its general architectural model, processes, software and hardware supports, and visual and cognitive
models

Castellani, U, et al. 2008, "Visual Mri: Merging Information Visualization and Non-Parametric Clustering
Techniques for Mri Dataset Analysis." Artificial Intelligence in Medicine 44(3):183-99.

SummaryObjective This paper presents Visual MRI, an innovative tool for the magnetic resonance
imaging (MRI) analysis of tumoral tissues. The main goal of the analysis is to separate each magnetic
resonance image in meaningful clusters, highlighting zones which are more probably related with the
cancer evolution. Such non-invasive analysis serves to address novel cancer treatments, resulting in a less
destabilizing and more effective type of therapy than the chemotherapy-based ones. The advancements
brought by Visual MRI are two: first, it is an integration of effective information visualization (IV)
techniques into a clustering framework, which separates each MRI image in a set of informative clusters;
the second improvement relies in the clustering framework itself, which is derived from a recently re-
discovered non-parametric grouping strategy, i.e., the mean shift. Methodology The proposed
methodology merges visualization methods and data mining techniques, providing a computational
framework that allows the physician to move effectively from the MRI image to the images displaying the
derived parameter space. An unsupervised non-parametric clustering algorithm, derived from the mean
shift paradigm, and called MRI-mean shift, is the novel data mining technique proposed here. The main
underlying idea of such approach is that the parameter space is regarded as an empirical probability
density function to estimate: the possible separate modes and their attraction basins represent separated
clusters. The mean shift algorithm needs sensibility threshold values to be set, which could lead to highly
different segmentation results. Usually, these values are set by hands. Here, with the MRI-mean shift
algorithm, we propose a strategy based on a structured optimality criterion which faces effectively this
issue, resulting in a completely unsupervised clustering framework. A linked brushing visualization
technique is then used for representing clusters on the parameter space and on the MRI image, where
physicians can observe further anatomical details. In order to allow the physician to easily use all the
analysis and visualization tools, a visual interface has been designed and implemented, resulting in a
computational framework susceptible of evaluation and testing by physicians.Results Visual MRI has
been adopted by physicians in a real clinical research setting. To describe the main features of the system,
some examples of usage on real cases are shown, following step by step all the actions scientists can do
on an MRI image. To assess the contribution of Visual MRI given to the research setting, a validation of
the clustering results in a medical sense has been carried out.Conclusions From a general point of view,
the two main objectives reached in this paper are: (1) merging information visualization and data mining
approaches to support clinical research and (2) proposing an effective and fully automated clustering
technique. More particularly, a new application for MRI data analysis, named Visual MRI, is proposed,
aiming at improving the support of medical researchers in the context of cancer therapy; moreover, a non-
parametric technique for cluster analysis, named MRI-mean shift, has been drawn. The results show the
effectiveness and the efficacy of the proposed application.

Catarci, T. 2000, "What Happened When Database Researchers Met Usability." Information Systems
25(3):177-212.

This paper is about database researchers building interactive information systems. It tells the reader of
their initial enthusiasm and user-induced frustration, the consequent discovery of both human-computer
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interaction (hci) world and the concept of system "usability", and finally their quite successful coupling of
hci and databases.

Cawthon, N, and AV Moere. 2006, "A Conceptual Model for Evaluating Aesthetic Effect within the User
Experience of Information Visualization." In 10th International Conference on Information Visualization,
pp- 374-79.

This paper proposes a conceptual model for which one might begin to assess aesthetic effect within
the user experience of information visualization. Through first defining, then illustrating new dimensions
of aesthetic that exist within the context of information visualization this paper goes on to suggest that a
user centered evaluation method not solely centered around task efficiency metrics is now imperative.

Cawthon, N, and AV Moere. 2007, "The Effect of Aesthetic on the Usability of Data Visualization." In
11th International Conference on Information Visualization, pp. 637-48.

Aesthetic seems currently under represented in most current data visualization evaluation
methodologies. This paper investigates the results of an online survey of 285 participants, measuring both
perceived aesthetic as well as the efficiency and effectiveness of retrieval tasks across a set of 11 different
data visualization techniques. The data visualizations represent an identical hierarchical dataset, which
has been normalized in terms of color, typography and layout balance. This study measured parameters
such as speed of completion, accuracy rate, task abandonment and latency of erroneous response. Our
findings demonstrate a correlation between latency in task abandonment and erroneous response time in
relation to visualization's perceived aesthetic. These results support the need for an increased recognition
for aesthetic in the typical evaluation process of data visualization techniques.

Cedilnik, A, et al. 2008, "Integration of Information and Volume Visualization for Analysis of Cell
Lineage and Gene Expression During Embryogenesis." In SPIE Conference on Visualization and Data
Analysis.

Dramatic technological advances in the field of genomics have made it possible to sequence the
complete genomes of many different organisms. With this overwhelming amount of data at hand,
biologists are now confronted with the challenge of understanding the function of the many different
elements of the genome. One of the best places to start gaining insight on the mechanisms by which the
genome controls an organism is the study of embryogenesis. There are multiple and inter-related layers of
information that must be established in order to understand how the genome controls the formation of an
organism. One is cell lineage which describes how patterns of cell division give rise to different parts of
an organism. Another is gene expression which describes when and where different genes are turned on.
Both of these data types can now be acquired using fluorescent laser-scanning (confocal or 2-photon)
microscopy of embryos tagged with fluorescent proteins to generate 3D movies of developing embryos.
However, analyzing the wealth of resulting images requires tools capable of interactively visualizing
several different types of information as well as being scalable to terabytes of data. This paper describes
how the combination of existing large data volume visualization and the new Titan information
visualization framework of the Visualization Toolkit (VTK) can be applied to the problem of studying the
cell lineage of an organism. In particular, by linking the visualization of spatial and temporal gene
expression data with novel ways of visualizing cell lincage data, users can study how the genome
regulates different aspects of embryonic development.

A.67



Chakrabarty, R. 2010, "A Visual Analytics System to Study the Spread of Pandemics." In /[EEE
Symposium on Visual Analytics Science & Technology, pp. 1-2.

Chakravarty, S, and Y Shahar. 2001, "Acquisition and Analysis of Repeating Patterns in Time-Oriented
Clinical Data." Methods of Information in Medicine 40(5):410-20.

Objectives: (1) Creation of an expressive language for specification of temporal patterns in clinical
domains, (2) Development of a graphical knowledge-aquisition tool allowing expert physicians to define
meaningful domain-specific patterns, (3) Implementation of on interpreter capable of detecting such
patterns in clinical databases, and (4) Evaluation of the tools in the domains of diabetes and oncology.
Methods. We describe a constraint-based language, named CAPSUL, for specification of temporal
patterns. We implemented a knowledge-acquisition tool and a temporal-pattern interpreter within
Resume, a larger temporal-abstraction architecture. We evaluated the knowledge-acquisition process with
the help of domain experts. In collaboration with the Rush Presbyterain/St. Luke's Medical Center, we
analyzed data of bone-marrow transplantation patients. The expert compared the detected patterns to a
manual inspection of the data, with the help of on experimental information-visualization tool we are
developing in a related project. Results: The CAPSUL language was expressive enough during the
knowledge-acquisition process to capture almost all of the patterns that-the experts found useful. The
patterns detected in the data by the pattern interpreter were all verified as correct. Completeness (whether
all correct patterns were found) was difficult to assess, due to the size of the database. Conclusions: The
CAPSUL language enables medical experts to express temporal patterns involving multiple-levels of
abstraction of clinical data. The ability to reuse both domain-patterns and abstract constraints seems
highly useful. The Resume interpreter, augmented by the CAPSUL semantics, finds the complex patterns
within a clinical time-oriented database in a sound fashion.

Chan, B, et al. 2008, "Vispedia * : Interactive Visual Exploration of Wikipedia Data Via Search-Based
Integration." Visualization and Computer Graphics 14(6):1213-20.

Wikipedia is an example of the collaborative, semi-structured data sets emerging on the Web. These
data sets have large, non-uniform schema that require costly data integration into structured tables before
visualization can begin. We present Vispedia, a Web-based visualization system that reduces the cost of
this data integration. Users can browse Wikipedia, select an interesting data table, then use a search
interface to discover, integrate, and visualize additional columns of data drawn from multiple Wikipedia
articles. This interaction is supported by a fast path search algorithm over DBpedia, a semantic graph
extracted from Wikipedia's hyperlink structure. Vispedia can also export the augmented data tables
produced for use in traditional visualization systems. We believe that these techniques begin to address
the "long tail" of visualization by allowing a wider audience to visualize a broader class of data. We
evaluated this system in a first-use formative lab study. Study participants were able to quickly create
effective visualizations for a diverse set of domains, performing data integration as needed.
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Chan, Y-h, and CD Correa. 2010, "Flow-Based Scatterplots for Sensitivity Analysis." In /EEE
Symposium on Visual Analytics Science & Technology, pp. 43-50.

Chang, H-S, S-C Kang, and P-H Chen. 2009, "Systematic Procedure of Determining an Ideal Color
Scheme on 4d Models." Advanced Engineering Informatics 23(4):463-73.

Four-dimensional models, which are 3D models with an added dimension to represent schedule
information, have become an important tool in representing construction processes. These models usually
rely on colors to represent the different construction states, such that when an ideal color scheme is used,
engineers are able to understand the model and identify the potential problems more easily. However, up
to this point, little research has been conducted in this area. This paper presents the selection,
examination, and user test (SEUT) procedure, a systematic procedure to determine the ideal color scheme
for a 4D model. This procedure can be performed iteratively to obtain the ideal color scheme, which
would fit a 4D model according to its construction purposes. After conducting an example case following
the proposed procedure, we determined an ideal color scheme for six construction states of a 4D model
for plant construction. In total ten color schemes were examined and testing was conducted by 58 users
over two iterations. The results show that the SEUT procedure is an effective method for determining
color schemes to present 4D models and an ideal color scheme was validated and recommended in this
research.

Chang, R, T Butkiewicz, and C Ziemkiewicz. 2006, "Hierarchical Simplification of City Models to
Maintain Urban Legibility." In ACM SIGGRAPH.

Mesh simplification and discrete levels of detail (LOD) are wellstudied areas of research in computer
graphics. However, until recently, most of the developed algorithms have focused on simplification and
viewing of a single object with a large number of polygons. When these algorithms are used on a large
collection of simple models, many objects may be completely erased, leading to results that are
misleading to the viewer. In this paper, we present a novel approach to simplifying city-sized collections
of 2.5D buildings based on the principles of “urban legibility” as defined by architects and city planners.
Our main contributions include a clustering algorithm tailored towards forming logical groups while
respecting roads, a polyline simplification algorithm that maintains boundary facades, and a LOD process
that preserves landmarks and skylines. The advantage of our approach is that the legibility and
understandability of a complex urban space is preserved at all levels of simplification.

Chang, R, et al. 2008, "Legible Simplification of Textured Urban Models." I[EEE Computer Graphics and
Applications 28(3):27-36.

Chang, R, et al. 2007, "Wirevis: Visualization of Categorical, Time-Varying Data from Financial
Transactions." In /IEEE Symposium on Visual Analytics Science and Technology.

Large financial institutions such as Bank of America handle hundreds of thousands of wire
transactions per day. Although most transactions are legitimate, these institutions have legal and financial
obligations in discovering those that are suspicious. With the methods of fraudulent activities ever
changing, searching on predefined patterns is often insufficient in detecting previously undiscovered
methods. In this paper, we present a set of coordinated visualizations based on identifying specific
keywords within the wire transactions. The different views used in our system depict relationships among
keywords and accounts over time. Furthermore, we introduce a search-by-example technique which
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extracts accounts that show similar transaction patterns. In collaboration with the Anti-Money Laundering
division at Bank of America, we demonstrate that using our tool, investigators are able to detect accounts
and transactions that exhibit suspicious behaviors.

Chang, R, et al. 2008, "Scalable and Interactive Visual Analysis of Financial Wire Transactions for Fraud
Detection." Information Visualization 7(1):63-76.

Chang, R, et al. 2007, "Legible Cities: Focus-Dependent Multi-Resolution Visualization of Urban
Relationships." IEEE Transactions on Visualization and Computer Graphics 13(6):1169-75.

Numerous systems have been developed to display large collections of data for urban contexts;
however, most have focused on layering of single dimensions of data and manual calculations to
understand relationships within the urban environment. Furthermore, these systems often limit the user's
perspectives on the data, thereby diminishing the user's spatial understanding of the viewing region. In
this paper, we introduce a highly interactive urban visualization tool that provides intuitive understanding
of the urban data. Our system utilizes an aggregation method that combines buildings and city blocks into
legible clusters, thus providing continuous levels of abstraction while preserving the user's mental model
of the city. In conjunction with a 3D view of the urban model, a separate but integrated information
visualization view displays multiple disparate dimensions of the urban data, allowing the user to
understand the urban environment both spatially and cognitively in one glance. For our evaluation, expert
users from various backgrounds viewed a real city model with census data and confirmed that our system
allowed them to gain more intuitive and deeper understanding of the urban model from different
perspectives and levels of abstraction than existing commercial urban visualization systems.

Chang, R, et al. 2009, "Defining Insight for Visual Analytics." IEEE Computer Graphics and
Applications 29(2):14-17.

Many have proposed that the goal of visualization is insight. However, few rigorous definitions of
insight exist in the visualization community, and none have been commonly accepted. We propose that
two types of insight are relevant to the visualization community. We examine the definition of insight
cognitive scientists use (spontaneous insight) and compare it with the definitions the visualization
community uses (knowledge-building insight). The two, although distinct, are related and contribute
toward each other. Only by understanding how the two types differ and interact with each other can the
visualization community accurately measure insight and determine the effectiveness of visualizations. ©
2009 IEEE.

Chang, R, et al. 2010, "Learning-Based Evaluation of Visual Analytic Systems." In BELIV '10: Beyond
time and errors: novel evaluation methods for Information Visualization, April 10-11, 2010.

Evaluation in visualization remains a difficult problem because of the unique constraints and
opportunities inherent to visualization use. While many potentially useful methodologies have been
proposed, there remain significant gaps in assessing the value of the open-ended exploration and complex
task-solving that the visualization community holds up as an ideal. In this paper, we propose a
methodology to quantitatively evaluate a visual analytics (VA) system based on measuring what is
learned by its users as the users reapply the knowledge to a different problem or domain. The motivation
for this methodology is based on the observation that the ultimate goal of a user of a VA system is to gain
knowledge of and expertise with the dataset, task, or tool itself. We propose a framework for describing
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and measuring knowledge gain in the analytical process based on these three types of knowledge and
discuss considerations for evaluating each. We propose that through careful design of tests that examine
how well participants can reapply knowledge learned from using a VA system, the utility of the
visualization can be more directly assessed.

Chang, S-K, and E Jungert. 1996, "Visual Queries." in Symbolic Projection for Image Information
Retrieval and Spatial Reasoning, pp. 227-45. Academic Press, San Diego.

Chao, WO. 2010, "Poster : Rapid Pen-Centric Authoring of Improvisational Visualizations with
Napkinvis." In IEEE International Conference on Information Visualization.

Chapman, A, HV Jagadish, and A Arbor. 2009, "Why Not?" In SIGMOD Conference, pp. 523-34.

As humans, we have expectations for the results of any action, e.g., we expect at least one student to
be returned when we query a uni- versity database for student records. When these expectations are not
met, traditional database users often explore datasets via a se- ries of slightly altered SQL queries. Yet
most database access is via limited interfaces that deprive end users of the ability to alter their query in
any way to garner better understanding of the dataset and result set. Users are unable to question why a
particular data item is Not in the result set of a given query. In this work, we develop a model for answers
toWHY NOT? queries. We show through a user study the usefulness of our answers, and describe two
algorithms for finding themanipulation that discarded the data itemof interest. Moreover, we work
through two different methods for tracing the discarded data item that can be used with either algorithm.
Using our algorithms, it is feasible for users to find the manipulation that excluded the data item of
interest, and can eliminate the need for exhausting debugging.

Chavez, E, R Ide, and T Kirste. 1999, "Interactive Applications of Personal Situation-Aware Assistants."
Computers & Graphics 23(6):903-15.

Ultraportable mobile computers provide electronic assistance for environments and usage situations,
where computer support up to now has not been feasible. For the first time, a true physical and cognitive
integration of computer support into the everyday business of the real-world becomes possible, as
envisioned in Mark Weiser's concept of "ubiquitous computing" (Weiser, Communication of the ICM
1993, 36 (12): 75-85). However, although Handheld-PC, etc. today; already support a good deal of
personal information management and basic access to distributed multimedia information services such as
the World-Wide Web, they are still surprisingly difficult to use in "full action". Specifically, lengthy
interaction sequences and the inability to find quickly that important piece of information which is
embedded somewhere in the machine, makes using those devices sometimes a very disappointing
experience. In this, paper, we outline a new approach to realizing an easy-to-use personal digital assistant
systems, based on the concept of Situation Awareness. Using knowledge about task structures, situation
dependencies, and task contexts, our concept allows a mobile assistant to proactively provide the right
information at the right time and the right place, without intruding upon the users primary task:
interacting with reality.
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Chen, C. 2010, "Information Visualization." Wiley Interdisciplinary Reviews: Computational Statistics
2(4):387-403.

Abstract This overview introduces the key structure of the field of information visualization, a
number of influential exemplars in the field, and challenging as well as promising directions of future
developments. The focus is on explaining some of the most fundamental concepts, prominent approaches,
and commonly held criteria. The overview also aims to point out theoretical and practical challenges that
the community as a whole has been addressing. Copyright © 2010 John Wiley & Sons, Inc. For further
resources related to this article, please visit the WIREs website

Chen, C. 2004. Information Visualization: Beyond the Horizon, 2nd Ed. 2nd ed., Springer-Verlag,
London.

Chen, C. 2008, "An Information-Theoretic View of Visual Analytics." I[EEE Computer Graphics and
Applications 28(1):18-23.

Visual analytics is an emerging discipline that helps connect dots. It facilitates analytical reasoning
and decision making through integrated and highly interactive visualization of complex and dynamic data
and situations. Solving mysteries is only part of the game. Visual analytics must augment analyst and
decision-maker capabilities to assimilate complex situations and reach informed decisions. In information
theory, the information value carried by a message is the difference in information entropy before and
after receipt of the message. Information entropy is a macroscopic measure of uncertainty defined on a
frequency or probability distribution. The information-theoretical approach attempts to quantify
discrepancies of the information content of distributions

Chen, C. 2005, "Top 10 Unsolved Information Visualization Problems." Computer Graphics and
Applications, IEEE 25(4):12-16.

The top 10 unsolved problems list described in this article is a revised and extended version of
information visualization problems. These problems are not necessarily imposed by technical barriers,
rather, they are problems that might hinder the growth of information visualization as a field. The first
three problems highlight issues from a user-centered perspective. The fifth, sixth, and seventh problems
are technical challenges in nature. The last three are the ones that need tackling at the disciplinary level.
The author broadly defines information visualization as visual representations of the semantics, or
meaning, of information. In contrast to scientific visualization, information visualization typically deals
with nonnumeric, nonspatial, and high-dimensional data.

Chen, C, and L Carr. 1999, "Visualizing the Evolution of a Subject Domain: A Case Study." In
Visualization '99, pp. 449-561.

We explore the potential of information visualization techniques in enhancing existing methodologies
for domain analysis and modeling. In this case study, we particularly focus on visualizing the evolution of
the hypertext field based on author co-citation patterns, including the use of a sliding-window scheme to
generate a series of annual snapshots of the domain structure, and a factor-referenced color-coding
scheme to highlight predominant specialties in the field.
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Chen, C, et al. 2009, "Towards an Explanatory and Computational Theory of Scientific Discovery."
Journal of Informetrics 3(3):191-209.

We propose an explanatory and computational theory of transformative discoveries in science. The
theory is derived from a recurring theme found in a diverse range of scientific change, scientific
discovery, and knowledge diffusion theories in philosophy of science, sociology of science, social
network analysis, and information science. The theory extends the concept of structural holes from social
networks to a broader range of associative networks found in science studies, especially including
networks that reflect underlying intellectual structures such as co-citation networks and collaboration
networks. The central premise is that connecting otherwise disparate patches of knowledge is a valuable
mechanism of creative thinking in general and transformative scientific discovery in particular. In
addition, the premise consistently explains the value of connecting people from different disciplinary
specialties. The theory not only explains the nature of transformative discoveries in terms of the
brokerage mechanism but also characterizes the subsequent diffusion process as optimal information
foraging in a problem space. Complementary to epidemiological models of diffusion, foraging-based
conceptualizations offer a unified framework for arriving at insightful discoveries and optimizing
subsequent pathways of search in a problem space. Structural and temporal properties of potentially high-
impact scientific discoveries are derived from the theory to characterize the emergence and evolution of
intellectual networks of a field. Two Nobel Prize winning discoveries, the discovery of Helicobacter
pylori and gene targeting techniques, and a discovery in string theory demonstrated such properties.
Connections to and differences from existing approaches are discussed. The primary value of the theory is
that it provides not only a computational model of intellectual growth, but also concrete and constructive
explanations of where one may find insightful inspirations for transformative scientific discoveries.

Chen, C, et al. 2002, "Footprints of Information Foragers: Behaviour Semantics of Visual Exploration."
International Journal of Human-Computer Studies 57(2):139-63.

Social navigation exploits the knowledge and experience of peer users of information resources. A
wide variety of visual-spatial approaches become increasingly popular as a means to optimize information
access as well as to foster and sustain a virtual community among geographically distributed users. An
information landscape is among the most appealing design options of representing and communicating
the essence of distributed information resources to users. A fundamental and challenging issue is how an
information landscape can be designed such that it will not only preserve the essence of the underlying
information structure, but also accommodate the diversity of individual users. The majority of research in
social navigation has been focusing on how to extract useful information from what is in common
between users' profiles, their interests and preferences. In this article, we explore the role of modelling
sequential behaviour patterns of users in augmenting social navigation in thematic landscapes. In
particular, we compare and analyse the trails of individual users in thematic spaces along with their
cognitive ability measures. We are interested in whether such trails can provide useful guidance for social
navigation if they are embedded in a visual-spatial environment. Furthermore, we are interested in
whether such information can help users to learn from each other, for example, from the ones who have
been successful in retrieving documents. In this article, we first describe how users' trails in sessions of an
experimental study of visual information retrieval can be characterized by Hidden Markov Models. Trails
of users with the most successful retrieval performance are used to estimate parameters of such models.
Optimal virtual trails generated from the models are visualized and animated as if they were actual trails
of individual users in order to highlight behavioural patterns that may foster social navigation. The
findings of the research will provide direct input to the design of social navigation systems as well as to

AT3



enrich theories of social navigation in a wider context. These findings will lead to the further development
and consolidation of a tightly coupled paradigm of spatial, semantic and social navigation.

Chen, C, and MP Czerwinski. 2000, "Empirical Evaluation of Information Visualizations: An
Introduction." International Journal of Human Computer Studies 53(5):631-36.

Chen, C, et al. 2008, "The Thematic and Citation Landscape of Data and Knowledge Engineering (1985-
2007)." Data & Knowledge Engineering 67(2):234-59.

The thematic and citation structures of Data and Knowledge Engineering (DKE) (1985-2007) are
identified based on text analysis and citation analysis of the bibliographic records of full papers published
in the journal. Temporal patterns are identified by detecting abrupt increases of frequencies of noun
phrases extracted from titles and abstracts of DKE papers over time. Conceptual structures of the subject
domain are identified by clustering analysis. Concept maps and network visualizations are presented to
illustrate salient patterns and emerging thematic trends. A variety of statistics are reported to highlight key
contributors and DKE papers that have made profound impacts.

Chen, C, and YUE Yu. 2000, "Empirical Studies of Information Visualization: A Meta-Analysis."
International Journal of Human-Computer Studies 53(5):851-66.

A meta-analysis is conducted on a set of empirical studies of information visualization. To be
included in the meta-analysis, a study must meet a set of selection criteria. The meta-analysis synthesizes
significant levels and effect sizes, tests the heterogeneity of findings from individual studies included and
tests the linear trends over a range of information visualization features with ascending visual-spatial
complexity. Recommendations for future experimental studies of information visualizations are included.

Chen, C, et al. 2007, "Tracing Conceptual and Geospatial Diffusion of Knowledge." in Online
Communities and social computing, Vol 4564, pp. 265-74. Springer-Verlag, Berlin.

Chen, CD, A Woodcock, and SAR Scrivener. 2003, "The Development of a Method to Inform Cmc
Design for Visual Communication." In 7th International Conference on Information Visualization,
pp- 421-26.

An essential characteristic of design communication is the need to talk about things (objects and
concepts). We concern the development of a practical method to assist the iterative development of
computer-mediated communication (CMC) systems that support talk by designers working co-operatively
over distance. Previous approaches to the study of CMC systems limit the extent to which the value of
new media and mechanisms can be explored. We have developed an alternative method to exploring
CMCs based on shifts between communication resources during design activity, based on Scrivener's
(2000) postulate that users in a communication environment satisfy their communication purposes by
selecting from the available resources those most appropriate for their communication purpose. Such
shifts reveal insights into the relative strengths and weaknesses of the communication channels. We
outline the rationale behind shift analysis, provide examples of the analysis and conclude by reviewing
the steps needed to use this method in iterative CMC development.
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Chen, CM, et al. 2002, "Footprints of Information Foragers: Behaviour Semantics of Visual Exploration."
International Journal of Human-Computer Studies 57(2):139-63.

Social navigation exploits the knowledge and experience of peer users of information resources. A
wide variety of visual-spatial approaches become increasingly popular as a means to optimize information
access as well as to foster and sustain a virtual community among geographically distributed users. An
information landscape is among the most appealing design options of representing and communicating
the essence of distributed information resources to users. A fundamental and challenging issue is how an
information landscape can be designed such that it will not only preserve the essence of the underlying
information structure, but also accommodate the diversity of individual users. The majority of research in
social navigation has been focusing on how to extract useful information from what is in common
between users' profiles, their interests and preferences. In this article, we explore the role of modelling
sequential behaviour patterns of users in augmenting social navigation in thematic landscapes. In
particular, we compare and analyse the trails of individual users in thematic spaces along with their
cognitive ability measures. We are interested in whether such trails can provide useful guidance for social
navigation if they are embedded in a visual-spatial environment. Furthermore, we are interested in
whether such information can help users to learn from each other, for example, from the ones who have
been successful in retrieving documents. In this article, we first describe how users' trails in sessions of an
experimental study of visual information retrieval can be characterized by Hidden Markov Models. Trails
of users with the most successful retrieval performance are used to estimate parameters of such models.
Optimal virtual trails generated from the models are visualized and animated as if they were actual trails
of individual users in order to highlight behavioural patterns that may foster social navigation. The
findings of the research will provide direct input to the design of social navigation systems as well as to
enrich theories of social navigation in a wider context. These findings will lead to the further development
and consolidation of a tightly coupled paradigm of spatial, semantic and social navigation. (C) 2002
Elsevier Science Ltd. All rights reserved.

Chen, F, Y Zhao, and Z Yuan. 2010, "Spectral Modeling of Divergence-Free Vector Fields." In I[EEE
International Visualization Conference, pp. 1-2.

Chen, H, and AL Houston. 1999, "Digital Libraries: Social Issues and Technological Advances."
Advances in Computers 48:257-314.

Abstract The location and provision of information services has dramatically changed over the last
ten years. There is no need to leave the home or office to locate and access information now readily
available on-line via digital gateways furnished by a wide variety of information providers, (e.g., libraries,
electronic publishers, businesses, organizations, individuals). Information access is no longer restricted to
what is physically available in the nearest library. It is electronically accessible from a wide variety of
globally distributed information repositories--"digital libraries". In this chapter we will focus on digital
libraries, starting with a discussion of the historical visionaries, definitions, driving forces and enabling
technologies and some key research issues. We will discuss some of the US and international digital
library projects and research initiatives. We will then describe some of the emerging techniques for
building large-scale digital libraries, including a discussion of semantic interoperability, the "Grand
Challenge" of digital library research. Finally, we offer our conclusions and a discussion of some future
directions for digital libraries.
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Chen, IX, CZ Yang, and TL Hsu. 2006, "Design and Evaluation of a Panoramic Visualization
Environment on Semantic Web." Information and Software Technology 48(6):402-09.

Information visualization has been popularly applied to the Semantic Web to facilitate the
presentation of data semantics. Since, the past visualization interfaces, based either on RDF or on Topic
Maps, only present a partial view of the Semantic Web space, an integrated view would be needed to
demonstrate the panorama and help users access the Semantic Web resources. We have presented an
Integrated Semantic Web interactive visualization environment (ISWIVE) to incorporate topic features
from Topic Maps into RDF, and showed that both the detailed resource descriptions and the overall topic
relationships can be clearly visualized. In this paper, we present an improved ISWIVE interface that
provides a mixed-model visualization in a clearer layout and supports a concurrent display of both RDF
and Topic Maps views. Quantitative analyses were conducted to show the enhancement of the improved
ISWIVE interface and the differences between the textual interface and the original ISWIVE prototype.
(C) 2006 Elsevier B.V. All fights reserved.

Chen, J. 2006, "Visual Inquiry of Spatio-Temporal Multivariate Patterns." In IEEE Symposium on Visual
Analytics Science and Technology, pp. 1-2.

Chen, J, et al. 2007, "Getting Human-Centered Computing and Scientific Visualization Married : The
Myth and Critical Issues." In 2007 IEEE Visualization Conference.

Chen, J, A Maceachren, and E Lengerich. 2008, "Visual Analytics of Spatial Scan Statistic Results." In
Geospatial Visual Analytics Workshop, pp. 2-5.

Chen, J, and AM MacEachren. 2008, "Resolution Control for Balancing Overview and Detail in
Multivariate Spatial Analysis." Cartographic Journal, The 45(4):261-73.

Chen, J, AM Maceachren, and D Guo. 2008, "Supporting the Process of Exploring and Interpreting
Space—Time Multivariate Patterns: The Visual Inquiry Toolkit." Cartography 35(1):33-50.

While many data sets carry geographic and temporal references, our ability to analyze these datasets
lags behind our ability to collect them because of the challenges posed by both data complexity and tool
scalability issues. This study develops a visual analytics approach that leverages human expertise with
visual, computational, and cartographic methods to support the application of visual analytics to relatively
large spatio-temporal, multivariate data sets. We develop and apply a variety of methods for data
clustering, pattern searching, information visualization, and synthesis. By combining both human and
machine strengths, this approach has a better chance to discover novel, relevant, and potentially useful
information that is difficult to detect by any of the methods used in isolation. We demonstrate the
effectiveness of the approach by applying the Visual Inquiry Toolkit we developed to analyze a data set
containing geographically referenced, time-varying and multivariate data for U.S. technology industries.

Chen, J, AM MacEachren, and DJ Peuquet. 2009, "Constructing Overview Plus Detail Dendrogram-
Matrix Views." IEEE Transactions on Visualization and Computer Graphics 15(6):889-96.

A dendrogram that visualizes a clustering hierarchy is often integrated with a reorderable matrix for

pattern identification. The method is widely used in many research fields including biology, geography,
statistics, and data mining. However, most dendrograms do not scale up well, particularly with respect to
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problems of graphical and cognitive information overload. This research proposes a strategy that links an
overview dendrogram and a detail-view dendrogram, each integrated with a re-orderable matrix. The
overview displays only a user-controlled, limited number of nodes that represent the "skeleton" of a
hierarchy. The detail view displays the sub-tree represented by a selected meta-node in the overview. The
research presented here focuses on constructing a concise overview dendrogram and its coordination with
a detail view. The proposed method has the following benefits: dramatic alleviation of information
overload, enhanced scalability and data abstraction quality on the dendrogram, and the support of data
exploration at arbitrary levels of detail. The contribution of the paper includes a new metric to measure
the "importance" of nodes in a dendrogram; the method to construct the concise overview dendrogram
from the dynamically-identified, important nodes; and measure for evaluating the data abstraction quality
for dendrograms. We evaluate and compare the proposed method to some related existing methods, and
demonstrating how the proposed method can help users find interesting patterns through a case study on
county-level U.S. cervical cancer mortality and demographic data.

Chen, KK, and L Liu. 2003, "A Visual Framework Invites Human into the Clustering Process." In
15™ International Conference on Scientific and Statistical Database Management, pp. 97-106.

Clustering is a technique commonly used in scientific research. The task of clustering inevitably
involves human participation - The clustering is not finished when the computer/algorithm finishes but
the user has evaluated, understood and accepted the patterns. This defines a human involved "clustering-
analysis/evaluation" iteration. Instead of neglecting this human involvement, we provide a visual
framework (VISTA) with all power of algorithmic approaches (since their result can be visualized), and
in addition we allow the user to steer/monitor/refine the clustering process with domain knowledge. The
visual-rendering result also provides a precise pattern for fast post-processing.

Chen, M, et al. 2008, "Data, Information, and Knowledge in Visualization." Computer Graphics and
Applications, IEEE 29(1):12-19.

Chen, M, and H Janicke. 2010, "An Information Theoretic Framework for Visualization." /EEE
Transactions on Visualization and Computer Graphics 16(6):1206-15.

In this paper, we examine whether or not information theory can be one of the theoretic frameworks
for visualization. We formulate concepts and measurements for qualifying visual information. We
illustrate these concepts with examples that manifest the intrinsic and implicit use of information theory
in many existing visualization techniques. We outline the broad correlation between visualization and the
major applications of information theory, while pointing out the difference in emphasis and some
technical gaps. Our study provides compelling evidence that information theory can explain a significant
number of phenomena or events in visualization, while no example has been found which is
fundamentally in conflict with information theory. We also notice that the emphasis of some traditional
applications of information theory, such as data compression or data communication, may not always suit
visualization, as the former typically focuses on the efficient throughput of a communication channel,
whilst the latter focuses on the effectiveness in aiding the perceptual and cognitive process for data
understanding and knowledge discovery. These findings suggest that further theoretic developments are
necessary for adopting and adapting information theory for visualization.
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Chen, TT, and LC Hsieh. 2006, "Uncovering the Latent Underlying Domains of a Research Field:
Knowledge Visualization Revealed." In 10th International Conference on Information Visualization,
pp- 252-56.

This paper illustrates how to clarify a new research topic - knowledge visualization - in terms of
analyzing a vast amount of citations related to this field. The study presents a method that may help
scholars who are interested in an inter-disciplinary and not-well-understood research area, such as
knowledge visualization by revealing for them the underlying disciplines that a particular research is
based upon. Key papers relevant to the research in question are also identified that may help researchers
gain an overview of the field. The method discussed in this paper is generic in nature and generally
applicable to other research topics

Chen, V, et al. 2010, "Model Based Interactive Analysis of Interwoven , Imprecise Narratives." In /[EEE
Symposium on Visual Analytics Science & Technology, pp. 275-76.

Chen, V, et al. 2010, "Interactive Demo : Using Czsaw to Analyze Entities in Collections." In /EEE
International Conference on Information Visualization, pp. 1-2.

Chen, VY, CZ Qian, and RF Woodbury. 2007, "Visualizing Collaborative Filtering in Digital
Collections." In /1th International Conference on Information Visualization, pp. 203-10.

The NEAR (navigating exhibitions, annotations and resources) panel is a method of managing digital
collections and user preferences through collaborative filtering and graphically revealing implicit data
relations such as sharing, reference and similarity. It is implemented on AldrVIldrRE, an online
multimedia repository. AldrVIIdrRE supports semi-structured collections (exhibitions) which containing
various resources and annotations. Its users are encouraged to contribute, share, annotate and interpret
resources. Similar to the act of adding items into shopping carts in the e-commence applications, a user's
activities of searching, organizing and interpreting data in AldrVIIdrRE are considered as evidence of
user's preferences. The design process of NEAR was guided by several principles from the visualization
literature. It implements new navigation and communication approaches that support discovery of
relations. Having tested NEAR with several users, we further analyze the design, report the evaluation
and consider its use in other applications.

Chen, W, A Lu, and DS Ebert. 2007, "Shape-Aware Volume Illustration." Computer Graphics Forum
26(3):705-14.

Chen, W, et al. 2008, "Abstractive Representation and Exploration of Hierarchically Clustered Diffusion
Tensor Fiber Tracts." Computer Graphics Forum 27(3):1071-78.

Chen, Y, and S Barlowe. 2010, "Click2annotate : Automated Insight Externalization with Rich
Semantics." In IEEE Symposium on Visual Analytics Science & Technology, pp. 155-62.

Chen, Y, GL Tan, and LH Hou. 2008. Research on Visual Analysis Technique of Multi-Dmensional
Health Data Based on Parallel Coordinates.

Health data set usually is a huge, complex and multivariate data set. It is difficult for doctors to

understand and analyse these large amount of data and the relationships between them without visual
techniques. Parallel coordinate is an effective technique to visualize complex multivariate data set. In this
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paper, we present a visual analysis method on multidimensional health data. With this method, the target
properties are first selected from data set. Then the selected data are visualized with parallel coordinate,
using coloured subsection property axes and property value marker to solve the disorder problem when
there are large amount of data on the screen. And last, the cluster method based on parallel coordinate is
provided to help user analysing the data. The method was used in HIMES (Health Information
Management and Evaluation System) that can provide relation analysis, trend analysis and cluster
analysis etc. The application result of HIMES proved that this method is effect in helping doctor to
analyse the complex health data set. The method presented in this paper can also be used in data analysis
in other field such as population statistics, market researching and so on.

Chen, Y, J Yang, and W Ribarsky. 2009, "Toward Effective Insight Management in Visual Analytics
Systems." In IEEE Pacific Visualization Symposium, pp. 49-56.

Although significant progress has been made toward effective insight discovery in visual sense
making approaches, there is a lack of effective and efficient approaches to manage the large amounts of
insights discovered. In this paper, we propose a systematic approach to leverage this problem around the
concept of facts. Facts refer to patterns, relationships, or anomalies extracted from data under analysis.
They are the direct products of visual exploration and permit construction of insights together with user's
mental model and evaluation. Different from the mental model, the type of facts that can be discovered
from data is predictable and applicationindependent. Thus it is possible to develop a general Fact
Management Framework (FMF) to allow visualization users to effectively and efficiently annotate,
browse, retrieve, associate, and exchange facts. Since facts are essential components of insights, it will be
feasible to extend FMF to effective insight management in a variety of visual analytics approaches.
Toward this goal, we first construct a fact taxonomy that categorizes various facts in multidimensional
data and captures their essential attributes through extensive literature survey and user studies. We then
propose a conceptual framework of fact management based upon this fact taxonomy. A concrete scenario
of visual sense making on real data sets illustrates how this FMF will work. ©2009 IEEE.

Cheng, H. 1994, "Towards the Next Generation User Interface: The Viu Model Using a Universe
Paradigm and the Globe Metaphor for Enterprise Information Visualization." In /EEE International
Conference on Systems, Man and Cybernetics, pp. 1838-42.

The next generation user interface for information systems, and indeed for all significant computer
environments, will feature model-assisted visualization as its definitive element. This visualization goes
beyond the straightforward drawing and rendering of imagery for physically visual objects or phenomena
and extends to creating visual interpretation of logical subjects, such as enterprise information, using
information and decision models and other profound contextual knowledge of the application. Dynamic
animation in continual and interactive environments based on application models is the hallmark of this
visualization. A universe paradigm is conceptualized for visualizing the enterprise information and is
referred to as the visual information universe (VIU) model. The globe model is developed as the universe
paradigm's basic metaphor, which features both the interior and the surface in an integrated cognitive
design. The metadatabase model for enterprise information integration is exploited to afford an
experimental environment
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Cheng, Y-p, et al. 2010, "Xdiva : Automatic Animation between Debugging Break." In 5th ACM
Symposium on Software Visualization (SOFTVIS), pp. 221-22.

Chengzhi, Q, Z Chengu, and P Tao. 2003, "Taxonomy of Visualizationtechniques and Systems -
Concerns between Users and Developers Are Different." In Asia GIS Conference, pp. 1-14.

Cheung, W, EY Li, and LW Yee. 2003, "Multimedia Learning System and Its Effect on Self-Efficacy in
Database Modeling and Design: An Exploratory Study." Computers & Education 41(3):249-70.

Metadatabase modeling and design integrate process modeling and data modeling methodologies.
Both are core topics in the information technology (IT) curriculum. Learning these topics has been an
important pedagogical issue to the core studies for management information systems (MIS) and computer
science (CSc) students. Unfortunately, the learning curve for the associated metadatabase modeling
methodologies and their corresponding computer aided software engineering (CASE) tools have made it
difficult for students to grasp. Addressing this learning issue, this study developed a multimedia learning
system (MLS) and examines the effect of this MLS on the self-efficacy of learning these topics. It
confirms that the MLS has significant impact on the self-efficacy in learning and that the software
usefulness and software ease-of-use indeed affect the learning self-efficacy of MIS students. Furthermore,
longer usage of the MLS can improve the self-efficacy in learning, but cannot make the improvement
faster. Finally, the MLS can help the MIS students improve their self-efficacy in learning more than
helping the CSc students.

Chevalier, F, and S Diamond. 2010, "The Use of Real Data in Fine Arts for Insight and Discovery : Case
Studies in Text Analysis." In /EEE International Conference on Information Visualization, pp. 6-9.

Chhatwal, SD, and SJ Rose. 2008, "Visually Exploring Worldwide Incidents Tracking System Data."
Proceedings of SPIE 6809:1-7.

Chi, EH. 2000, "A Taxonomy of Visualization Techniques Using the Data State Reference Model." In
IEEE Symposium on Information Visualization, pp. 69-75.

In previous work, researchers have attempted to construct taxonomies of information visualization
techniques by examining the data domains that are compatible with these techniques. This is useful
because implementers can quickly identify various techniques that can be applied to their domain of
interest. However, these taxonomies do not help the implementers understand how to apply and
implement these techniques. The author extends and proposes a new way to taxonomize information
visualization techniques by using the Data State Model (E.H. Chi and J.T. Reidl, 1998). In fact, as the
taxonomic analysis in the paper will show, many of the techniques share similar operating steps that can
casily be reused. The paper shows that the Data State Model not only helps researchers understand the
space of design, but also helps implementers understand how information visualization techniques can be
applied more broadly

Chi, EH, and SK Card. 1999, "Sensemaking of Evolving Web Sites Using Visualization Spreadsheets." In
IEEE Symposium on Information Visualization, pp. 18-25,142.

In the process of knowledge discovery, workers examine available information in order to make sense
of it. By sensemaking, we mean interacting with and operating on the information with a variety of
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information processing mechanisms. Previously, we introduced a concept that uses the spreadsheet
metaphor with cells containing visualizations of complex data. We extend and apply a cognitive model
called &ldquo;visual sensemaking&rdquo; to the visualization spreadsheet. We use the task of making
sense of a large Web site as a concrete example throughout the paper for demonstration. Using a variety
of visualization techniques, such as the Disk Tree and Cone Tree, we show that the interactions of the
visualization spreadsheet help users draw conclusions from the overall relationships of the entire
information set

Chi, EH-h, and JT Riedl. 1998, "An Operator Interaction Framework for Visualization Systems." In [EEE
Symposium on Information Visualization, pp. 63-70.

Information visualization encounters a wide variety of different data domains. The visualization
community has developed representation methods and interactive techniques. As a community, we have
realized that the requirements in each domain are often dramatically different. In order to easily apply
existing methods, researchers have developed a semiology of graphic representations. We have extended
this research into a framework that includes operators and interactions in visualization systems, such as a
visualization spreadsheet. We discuss properties of this framework and use it to characterize operations
spanning a variety of different visualization techniques. The framework developed in this paper enables a
new way of exploring and evaluating the design space of visualization operators, and helps end--users in
their analysis tasks.

Chiew, V, and Y Wang. 2004, "Formal Description of the Cognitive Process of Decision Making." In
3" International Conference on Cognitive Informatics, pp. 124-30.

One of the fundamental human cognitive processes is problem solving. Most of the decisions we
make relate to some kind of problems we try to solve no matter how trivial and critical the problem may
be. The problem solving process entails performing in a new situation with information acquired and
knowledge learned from past situations. As a higher level cognitive process, problem solving involves the
correlation process effort to connect newly encounter problem object(s) with the object-attribute-relation
(OAR) model representation of knowledge in the brain. The goal of problem solving is to search along
various solution paths within the problem solver's knowledge base in the memory. When a problem object
is identified, problem solving can be perceived as a search process in the memory space for finding a
relationship between a set of problem-solving goals and a set of alternative paths. This paper presents a
mathematical and cognitive model that describes problem solving as a cognitive process. The cognitive
structures of the brain and the mechanisms of internal knowledge representation behind the cognitive
process of problem solving are explained. The cognitive process is then formally and rigorously described
using real-time process algebra (RTPA) base on the aforementioned models. Extended discussions are
presented on applications of the cognitive process model of problem solving in software engineering and

psychology.

Chignell, M, PA Hancock, and H Takeshita. 1999, "Chapter 11 - Human--Computer Interaction: The
Psychology of Augmented Human Behavior." in Human Performance and Ergonomics, ed. PA Hancock,
pp. 291-328. Academic Press, San Diego.

Summary This chapter examines the evolution of human--computer interfaces and the implications of
technological augmentation for the study of human psychology. Human capability and behavior is
changing as more artifacts become part of the standard equipment that people carry around and use. This
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leads to a question: Who or what is the subject of analysis in the experimental psychology of the future?
A redefinition of the experimental unit in psychology is proposed both as a means of more realistic
assessment of human behavior and as a basis for design. One of the critical limiting factors in
technological augmentation of people is the human-computer interface. Augmenting technology has to be
designed appropriately so that it assists in the performance of meaningful tasks without overloading the
perceptual, motor, and cognitive capacities of people. This chapter reviews selected topics in human--
computer interaction and shows how the constructive nature of perception and cognition may facilitate the
implementation of augmenting technologies.

Chih, CH, and DS Parker. 2008, "The Persuasive Phase of Visualization." In /4th ACM SIGKDD
International Conference on Knowledge Discovery and Data Mining, pp. 884-92.

Research in visualization often revolves around visualizing information. However, visualization is a
process that extends over time from initial exploration to hypothesis confirmation, and even to result
presentation. It is rare that the final phases of visualization are solely about information. In this paper we
present a more biased kind of visualization, in which there is a message or set of assumptions behind the
presentation that is of interest to both the presenter and the viewer, and emphasizes points that the
presenter wants to convey to the viewer. This kind of persuasive visualization -- presenting data in a way
that emphasizes a point or message -- is not only common in visualization, but also often expected by the
viewer. Persuasive visualization is implicit in the deliberate emphasis on interestingness and also in the
deliberate use of graphical elements that are processed preattentively by the human visual system, which
automatically groups these elements and guiding attention so that they "stand out". We discuss how these
ideas have been implemented in the Morpherspective system for automated generation of information
graphics.

Chin, G, OA Kuchar, and KE Wolf. 2009, "Exploring the Analytical Processes of Intelligence Analysts."
In Proceedings of the 27th international conference on Human factors in computing systems, pp. 11-20.

Chin, G, et al. 2009, "Visual Analysis of Dynamic Data Streams." Information Visualization 8(3):212-29.

For scientific data visualizations, real-time data streams present many interesting challenges when
compared to static data. Real-time data are dynamic, transient, high-volume and temporal. Effective
visualizations need to be able to accommodate dynamic data behavior as well as abstract and present the
data in ways that make sense to and are usable by humans. The Visual Content Analysis of Real-Time
Data Streams project at the Pacific Northwest National Laboratory is researching and prototyping
dynamic visualization techniques and tools to help facilitate human understanding and comprehension of
high-volume, real-time data. The general strategy of the project is to develop and evolve visual contexts
that will organize and orient high-volume dynamic data in conceptual and perceptive views. The goal is to
allow users to quickly grasp dynamic data in forms that are intuitive and natural without requiring
intensive training in the use of specific visualization or analysis tools and methods. Thus far, the project
has prototyped five different visualization prototypes that represent and convey dynamic data through
human-recognizable contexts and paradigms such as hierarchies, relationships, time and geography. We
describe the design considerations and unique features of these dynamic visualization prototypes as well
as our findings in the exploration and evaluation of their use. Information Visualization (2009) 8, 212 -
229. doi: 10.1057/ivs.2009.18
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Chipman, SF, JM Schraagen, and VL Shalin. 2000, "Introduction to Cognitive Task Analysis." in
Cognitive Task Analysis, eds. JM Schraagen, SF Chipman and VL Shalin, pp. 3-23. Lawrence Erlbaoum
Associates, Mahawah, NJ.

Chittaro, L. 2001, "Information Visualization and Its Application to Medicine." Artificial Intelligence in
Medicine 22(2):81-88.

This paper provides an introduction to the field of information visualization (IV) and a discussion of
its application to medical systems. More specifically, it aims at: (i) defining what [V is and what are its
goals (ii) highlighting the similarities and differences between IV and traditional medical imaging
(ii1) illustrating the potential of IV for medical applications by examining several examples of
implemented systems and (iv) giving some general indications about the purposes and the effective
exploitation of an IV component into a medical system.

Chittaro, L, and C Combi. 2001, "Representation of Temporal Intervals and Relations: Information
Visualization Aspects and Their Evaluation." In 8th International Symposium on Temporal
Representation and Reasoning, pp. 13-20.

A crucial component for turning any temporal reasoning system into a real-world application that can
be adopted by a wide base of users is given by its user interface. After analyzing and discussing the state
of the art for the visualization of temporal intervals and relations, this paper proposes three new solutions,
also evaluating them with a proper user study

Chittaro, L, and C Combi. 2003, "Visualizing Queries on Databases of Temporal Histories: New
Metaphors and Their Evaluation." Data & Knowledge Engineering 44(2):239-64.

Chittaro, L, C Combi, and IC Society. 2001, "Representation of Temporal Intervals and Relations:
Information Visualization Aspects and Their Evaluation." In 8tk International Symposium on Temporal
Representation and Reasoning (TIME 2001), pp. 13-20.

A crucial component for turning any temporal reasoning system into a real-world application that can
he adopted by a wide base of users is given by its user interface. After analyzing and discussing the state
of the art for the visualization of temporal intervals and relations, this paper proposes three new solutions,
also evaluating them with a proper user study.

Chittaro, L, C Combi, and G Trapasso. 2003, "Data Mining on Temporal Data: A Visual Approach and
Its Clinical Application to Hemodialysis." Journal of Visual Languages and Computing 14(6):591-620.

The quantity and complexity of data acquired, time-stamped and stored in clinical databases by
automated medical devices is rapidly and continuously increasing. As a result, it becomes more and more
important to provide clinicians with easy-to-use interactive tools to analyze huge amounts of this data.
This paper proposes an approach for visual data mining on temporal data and applies it to a real medical
problem, i.e., the management of hemodialysis. The approach is based on the integration of 3D and 2D
information visualization techniques and offers a set of interactive functionalities that will be described in
detail in the paper. We will also discuss how the system has been evaluated with end users and how the
evaluation led to changes in system design. (C) 2003 Elsevier Ltd. All rights reserved.
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Chittaro, L, R Ranon, and L Ieronutti. 2006, "Vu-Flow: A Visualization Tool for Analyzing Navigation in
Virtual Environments." IEEE Transactions on Visualization and Computer Graphics 12(6):1475-85.

This paper presents a tool for the visual analysis of navigation patterns of moving entities, such as
users, virtual characters, or vehicles in 3D Virtual Environments (VEs). The tool, called VU-Flow,
provides a set of interactive visualizations that highlight interesting navigation behaviors of single or
groups of moving entities that were the VE together or separately. The visualizations help to improve the
design of VEs and to study the navigation behavior of users, e. g., during controlled experiments. Besides
VEs, the proposed techniques could also be applied to visualize real-world data recorded by positioning
systems, allowing one to employ VU-Flow in domains such as urban planning, transportation, and
emergency response.

Choi, H, H Lee, and H Kim. 2009, "Fast Detection and Visualization of Network Attacks on Parallel
Coordinates." Computers & Security 28(5):276-88.

This article presents what we call the parallel coordinate attack visualization (PCAV) for detecting
unknown large-scale Internet attacks including Internet worms, DDoS attacks and network scanning
activities. PCAV displays network traffic on the plane of parallel coordinates using the flow information
such as the source IP address, destination IP address, destination port and the average packet length in a
flow. The parameters are used to draw each flow as a connected line on the plane, where a group of
polygonal lines form a particular shape in case of attack. From the observation that each attack type of
significance forms a unique pattern, we develop nine signatures and their detection mechanism based on
an efficient hashing algorithm. Using the graphical signatures, PCAV can quickly detect new attacks and
enable network administrators to intuitively recognize and respond to the attacks. Compared with existing
visualization works, PCAYV can handle hyper-dimensions, i.e., can visualize more than 3 parameters if
necessary, which significantly reduces false positives. As a consequence, Internet worms are more
precisely detectable by machine and more easily recognizable by human. Another strength of PCAV is
handling flows instead of packets. Per-flow visualization greatly reduces the processing time and further
provides compatibility with legacy routers which export flow information, e.g., as NetFlow does in Cisco
routers. We demonstrate the effectiveness of PCAV using real-life Internet traffic traces. The PCAV
program is publicly available.

Cholewiak, Sa, HZ Tan, and DS Ebert. 2008, "Haptic Identification of Stiffness and Force Magnitude." In
Symposium on Haptic Interfaces for Virtual Environment and Teleoperator Systems, pp. 87-91.

As haptics becomes an integral component of scientific data visualization systems, there is a growing
need to study "haptic glyphs" (building blocks for displaying information through the sense of touch) and
quantify their information transmission capability. The present study investigated the channel capacity for
transmitting information through stiffness or force magnitude. Specifically, we measured the number of
stiffness or force- magnitude levels that can be reliably identified in an absolute identification paradigm.
The range of stiffness and force magnitude used in the present study, 0.2-3.0 N/mm and 0.1-5.0 N,
respectively, was typical of the parameter values encountered in most virtual reality or data visualization
applications. Ten individuals participated in a stiffness identification experiment, each completing
250 trials. Subsequently, four of these individuals and six additional participants completed 250 trials in a
force-magnitude identification experiment. A custom-designed 3 degrees-of-freedom force-feedback
device, the ministick, was used for stimulus delivery. The results showed an average information transfer
of 1.46 bits for stiffness identification, or equivalently, 2.8 correctly-identifiable stiffness levels. The
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average information transfer for force magnitude was 1.54 bits, or equivalently, 2.9 correctly-identifiable
force magnitudes. Therefore, on average, the participants could only reliably identify 2-3 stiffness levels
in the range of 0.2-3.0 N/mm, and 2-3 force- magnitude levels in the range of 0.1-5.0 N. Individual
performance varied from 1 to 4 correctly-identifiable stiffness levels and 2 to 4 correctly-identifiable
force-magnitude levels. Our results are consistent with reported information transfers for haptic stimuli.
Based on the present study, it is recommended that 2 stiffness or force-magnitude levels (i.e., high and
low) be used with haptic glyphs in a data visualization system, with an additional third level (medium) for
mo- - re experienced users.

Choo, J, H Lee, and H Park. 2010, "Ivisclassifier : An Interactive Visual Analytics System for
Classification Based on Supervised Dimension Reduction." In /EEE International Symposium on
Information Visualization, pp. 27-34.

Chou, C, C-C Tsai, and H-F Tsai. 2001, "Developing a Networked Vrml Learning System for Health
Science Education in Taiwan." International Journal of Educational Development 21(4):293-303.

This study discusses applying virtual reality (VR) and Virtual Reality Modeling Language (VRML)
to promote health science education in Taiwan. It first describes the needs of health science education in
Taiwan, and the advantages of using computer technology in health science teaching and learning. A
networked desktop VR-based system and courseware entitled "Travelling with Our Food" were developed
for health science learning. The design of the course, the development of the system (platform and
software), and expert-based and user-based evaluations are reported. Evaluation results, research issues,
and possible future work are also discussed.

Chou, P-H, et al. 2010, "Integrating Web Mining and Neural Network for Personalized E-Commerce
Automatic Service." Expert Systems with Applications 37(4):2898-910.

Electronic commerce (EC) has become a trend in the world nowadays. However, most researches
neglect a fundamental issue - the user's product-specific knowledge on which the useful intelligent
systems are based. This research employs the user's product-specific knowledge and mine his/her interior
desire on appropriate target products as a part of personalization process to construct the overall EC
strategy for businesses. This paper illustrates a novel web usage mining approach, based on the sequence
mining technique applied to user's navigation behaviour, to discover patterns in the navigation of
websites. Three critical contributions are made in this paper: (1) using the footstep graph to visualize the
user's click-stream data and any interesting pattern can be detected more easily and quickly;

(2) illustrating a novel sequence mining approach to identify pre-designated user navigation patterns
automatically and integrates back-propagation network (BPN) model smoothly; and (3) applying the
empirical research to indicate that the proposed approach can predict and categorize the users' navigation
behaviour with high accuracy.

Chourasia, A, et al. 2007, "Visual Insights into High-Resolution Earthquake Simulations." /EEE
Computer Graphics and Applications 27(5):28-34.

This study focuses on the visualization of a series of large earthquake simulations, collectively called
TeraShake. The simulation series aims to assess the impact of Southern San Andreas Fault earthquake
scenarios on Southern California. The authors discuss the role of visualization in gaining scientific insight
and aiding unexpected discovery. Examples include significant differences in the ground motion pattern
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for different rupture directions; wave-guide effects leading to strong, localized amplification; variation in
rupture speed for a spontaneous rupture model; and a star-burst pattern, indicating an unusual radiation of
energy. The authors also cite instances of how visualization helped in finding numerical instabilities,
leading to the use alternate absorbing boundary conditions for the wave propagation code. Without the
sophisticated level of visualization carried out for the TeraShake, important scientific results would have
remained undiscovered or less clearly understood. Moreover, some of the visualizations provide
invaluable instructional material on earthquake phenomena to the public. © 2007 IEEE.

Christel, MG. 2006, "Evaluation and User Studies with Respect to Video Summarization and Browsing -
Art. No. 60730m." In Conference on Multimedia Content Analysis, Management and Retrieval, pp.
M730-M30.

The Informedia group at Carnegie Mellon University has since 1994 been developing and evaluating
surrogates, summary interfaces, and visualizations for accessing digital video collections containing
thousands of documents, millions of shots, and terabytes of data. This paper surveys the Informedia user
studies that have taken place through the years, reporting on how these studies can provide a user pull
complementing the technology push as automated video processing advances. The merits of discount
usability techniques for iterative improvement and evaluation are presented, as well as the structure of
formal empirical investigations with end users that have ecological validity while addressing the human
computer interaction metrics of efficiency, effectiveness, and satisfaction. The difficulties in evaluating
video summarization and browsing interfaces are discussed. Lessons learned from Informedia user studies
are reported with respect to video summarization and browsing, ranging from the simplest portrayal of a
single thumbnail to represent video stories, to collections of thumbnails in storyboards, to playable video
skims, to video collages with multiple synchronized information perspectives.

Christel, MG. 2007, "Examining User Interactions with Video Retrieval Systems - Art. No. 650606." In
Conference on Multimedia Content Access - Algorithms and Systems, pp. 50606-06.

The Informedia group at Carnegie Mellon University has since 1994 been developing and evaluating
surrogates, summary interfaces, and visualizations for accessing digital video collections containing
thousands of documents, millions of shots, and terabytes of data. This paper reports on TRECVID 2005
and 2006 interactive search tasks conducted with the Informedia system by users having no knowledge of
Informedia or other video retrieval interfaces, but being experts in analyst activities. Think-aloud
protocols, questionnaires, and interviews were also conducted with this user group to assess the
contributions of various video summarization and browsing techniques with respect to broadcast news
test corpora. Lessons learned from these user interactions are reported, with recommendations on both
interface improvements for video retrieval systems and enhancing the ecological validity of video
retrieval interface evaluations.

Christmann, O, N Carbonell, and S Richir. 2010, "Visual Search in Dynamic 3d Visualisations of
Unstructured Picture Collections." Interacting with Computers 22(5):399-416.

We present two empirical studies of visual search in dynamic 3D visualisations of large, randomly
ordered, photo collections. The aim is to assess the possible effects of geometrical distortions on visual
search effectiveness, efficiency and comfort, by comparing the influence of two perspective
representations of photo collections on participants' performance results and subjective judgments.
Thumbnails of the 1000 or so photographs in each collection are plastered on the lateral surface of a
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vertical cylinder, either on the inside (inner view, IV) or on the outside (outer view, OV). IV and OV
suggest two different interaction metaphors: locomotion in a virtual space (IV) versus manipulation of a
virtual object (OV). They also implement different perspective distortions: enlargement and distortion of
lateral columns (IV) versus enlargement of central columns and dwindling plus distortion of lateral
columns (OV). Presentation of results focus on the second study, S2, which involved 20 participants and
offered them strictly identical interaction facilities with the two views, unlike the initial pilot study, S1

(8 participants and slightly different interaction facilities between the two views). Participants in both
studies were experienced computer users (average age: 25.15 years, SD: 3.13). They performed two types
of basic visual tasks that are carried out repeatedly while navigating photo collections: (i) searching for a
photo meeting specific, visual and thematic, criteria, the photo and its location in the collection being
unknown to participants (ST1) and (ii) looking for a visually familiar photo, the location of the photo
being familiar to participants (ST2). According to post-experiment questionnaires and debriefings, all
participants in S2 save one judged both 3D views positively in reference to standard 2D visualisations.
Half of them preferred IV over OV, four appreciated OV better, and six expressed no clear opinion.
Preferences were mainly motivated by the effects of perspective distortions on thumbnail visibility. They
were barely influenced by interaction metaphors (e.g., the feeling of immersion induced by IV). Despite
large inter-individual differences in performance, a majority of participants carried out ST1 tasks more
effectively and efficiently with IV than with OV, as regards error rates (statistically significant difference)
and search times (tendency). Performance results for ST2 tasks were similar with the two views, due,
probably, to the simplicity and brevity of ST2 tasks. Perspective distortions seem to have exerted less
influence on participants' visual strategies than horizontal scrolling, a dynamic feature common to both
views. Qualitative analyses of participants' behaviours suggest that IV has the potential to support spatial
memory better than OV, presumably thanks to the locomotion metaphor. These results indicate that
perspective views have the potential to facilitate and improve visual search in unstructured picture
collections provided that distortions are adapted to users' individual visual capabilities. Further research is
needed to better understand: (i) the actual relations between visual exploration strategies and geometrical
properties of perspective visualisations and (ii) the influence of the manipulation and locomotion
metaphors on spatial memory. This knowledge is necessary to further improve the comfort and
effectiveness of visual search in large unstructured picture collections, using 3D visualisations.

Chuah, MC, and SF Roth. 1996, "On the Semantics of Interactive Visualizations." In Information
Visualization '96, Proceedings IEEE Symposium on, pp. 29-36.

Interactive techniques are powerful tools for manipulating visualizations to analyze, communicate
and acquire information. This is especially true for large data sets or complex 3D visualizations. Although
many new types of interaction have been introduced recently, very little work has been done on
understanding what their components are, how they are related and how they can be combined. This paper
begins to address these issues with a framework for classifying interactive visualizations. Our goal is a
framework that will enable us to develop toolkits for assembling visualization interfaces both
interactively and automatically
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Chuang, J, and P Hanrahan. 2009, "Statistically Identifying Basic Color Terms." In 31st Annual Meeting
of the Cognitive Science Society, pp. 1-6.

Chuang, J, et al. 2009, "A Probabilistic Model of the Categorical Association between Colors." In
16™ Color Imaging Conference.

Chung, H, et al. 2010, "Vizcept : Supporting Synchronous Collaboration for Constructing Visualizations
in Intelligence Analysis." In IEEE Symposium on Information Visualization, pp. 107-14.

Chung, W. 2006, "Studying Information Seeking on the Non-English Web: An Experiment on a Spanish
Business Web Portal." International Journal of Human-Computer Studies 64(9):811-29.

The Internet is estimated to grow significantly as access to Web content in some non-English
languages continues to increase. However, prior research in human-computer interaction (HCI) has
implicitly assumed the primary language used on the Web to be English. This assumption is not true for
many non-English-speaking regions where rapidly growing on-line populations access the Web in their
native languages. For example, Latin America, where the majority of people speak Spanish, will have the
fastest growing population in coming decades. However, existing Spanish search engines lack search,
browse, and analysis capabilities. The research reported here studied human information seeking on the
non-English Web. In it we developed a Spanish business Web portal that supports searching, browsing,
summarization, categorization, and visualization of Spanish business Web pages. Using 42 Spanish
speakers as subjects we conducted a two-phase experiment to evaluate this portal and found that,
compared with a Spanish search engine and a Spanish Web directory, it achieved significantly better user
ratings on information quality, cross-regional search capability, system performance attributes, and
overall satisfaction. Subjects' verbal comments strongly favored the search and browse functionality and
user interface of our portal. As the Web becomes more international, this research makes three
contributions: (1) an empirical evaluation of the performance level of a Spanish search portal; (2) an
examination of the information quality, cross-regional search capability and usability of search engines
for the non-English Web; and (3) a better understanding of non-English Web searching.

Chung, W. 2010, "Web Searching and Browsing: A Multilingual Perspective." in Advances in
Computers: Improving the Web, ed. VZ Marvin, Vol 78, pp. 41-69. Elsevier.

Since the publication of "The World Wide Web" in a 1999 volume of Advances in Computers,
worldwide Internet usage has grown tremendously, with the most rapid growth in some non-English-
speaking regions. A widening gap exists between the surging demand for non-English Web content and
the availability of non-English resources. This chapter reviews previous works on computer-mediated
information seeking on the Web, computing technologies that support Web searching and browsing, and
Web portals in several major regions and languages of the world. We introduce a general framework for
supporting Web searching and browsing in a multilingual world. Three Web portals were developed to
support searching, browsing, and postretrieval analysis of Chinese business intelligence, Spanish business
intelligence, and Arabic medical intelligence. Results of experiments involving 67 native speakers of the
three languages confirm the usability and benefits of the portals and support the applicability of the
framework. The review, framework, and findings presented in this chapter contribute to the fields of Web
analysis, text mining, business and medical informatics, and human-computer interaction.
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Chung, W, et al. 2006, "Supporting Non-English Web Searching: An Experiment on the Spanish Business
and the Arabic Medical Intelligence Portals." Decision Support Systems 42(3):1697-714.

Although non-English-speaking online populations are growing rapidly, support for searching non-
English Web content is much weaker than for English content. Prior research has implicitly assumed
English to be the primary language used on the Web, but this is not the case for many non-English-
speaking regions. This research proposes a language-independent approach that uses meta-searching,
statistical language processing, summarization, categorization, and visualization techniques to build high-
quality domain-specific collections and to support searching and browsing of non-English information.
Based on this approach, we developed SBizPort and AMedPort for the Spanish business and Arabic
medical domains respectively. Experimental results showed that the portals achieved significantly better
search accuracy, information quality, and overall satisfaction than benchmark search engines. Subjects
strongly favored the portals' search and browse functionality and user interface. This research thus
contributes to developing and validating a useful approach to non-English Web searching and providing
an example of supporting decision-making in non-English Web domains.

Chung, W, et al. 2005, "Evaluating Event Visualization: A Usability Study of Coplink Spatio-Temporal
Visualizer." International Journal of Human-Computer Studies 62(1):127-57.

Event visualization holds the promise of alleviating information overload in human analysis and
numerous tools and techniques have been developed and evaluated. However, previous work does not
specifically address either the coordination of event dimensions with the types of tasks involved or the
way that visualizing different event dimensions can benefit human analysis. In this paper, we propose a
taxonomy of event visualization and present a methodology for evaluating a coordinated event
visualization tool called COPLINK Spatio-Temporal Visualizer (STV). The taxonomy encompasses
various event dimensions, application domains, visualization metaphors, evaluation methods and
performance measures. The evaluation methodology examines different event dimensions and different
task types, thus juxtaposing two important elements of evaluating a tool. To achieve both internal and
external validity, a laboratory experiment with students and a field study with crime analysis experts were
conducted. Findings of our usability study show that STV could support crime analysis involving
multiple, coordinated event dimensions as effectively as it could analyze individual, uncoordinated event
dimensions. STV was significantly more effective and efficient than Microsoft Excel in performing
coordinated tasks and was significantly more efficient in doing uncoordinated tasks related to temporal,
spatial and aggregated information. Also, STV had compared favorably with Excel in completing
uncoordinated tasks related to temporal and spatial information, respectively. Subjects' comments showed
STV to be intuitive, useful and preferable to existing crime analysis methods.

Chung, W, and A Leung. 2007, "Supporting Web Searching of Business Intelligence with Information
Visualization." In IEEE/WIC/ACM International Conference on Web Intelligence, pp. 807-11.

In this research, we proposed and validated an approach to using information visualization to augment
search engines in supporting the analysis of business stakeholder information on the Web. We report in
this paper findings from a preliminary evaluation comparing a visualization prototype with a traditional
method of stakeholder analysis (Web browsing and searching). We found that the prototype achieved a
higher perceived usefulness and perceived analysis effectiveness and was perceived favorably in
expediting the subjects' decision making and in helping them understand the analysis results. Overall, the
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proposed approach was found to augment traditional methods of analyzing business stakeholders. We
discuss implications to researchers and practitioners and future directions.

Chung, WY, et al. 2005, "Evaluating Event Visualization: A Usability Study of Coplink Spatio-Temporal
Visualizer." International Journal of Human-Computer Studies 62(1):127-57.

Event visualization holds the promise of alleviating information overload in human analysis and
numerous tools and techniques have been developed and evaluated. However, previous work does not
specifically address either the coordination of event dimensions with the types of tasks involved or the
way that visualizing different event dimensions can benefit human analysis. In this paper, we propose a
taxonomy of event visualization and present a methodology for evaluating a coordinated event
visualization tool called COPLINK Spatio-Temporal Visualizer (STV). The taxonomy encompasses
various event dimensions, application domains, visualization metaphors, evaluation methods and
performance measures. The evaluation methodology examines different event dimensions and different
task types, thus juxtaposing two important elements of evaluating a tool. To achieve both internal and
external validity, a laboratory experiment with students and a field study with crime analysis experts were
conducted. Findings of our usability study show that STV could support crime analysis involving
multiple, coordinated event dimensions as effectively as it could analyze individual, uncoordinated event
dimensions. STV was significantly more effective and efficient than Microsoft Excel in performing
coordinated tasks and was significantly more efficient in doing uncoordinated tasks related to temporal,
spatial and aggregated information. Also, STV had compared favorably with Excel in completing
uncoordinated tasks related to temporal and spatial information, respectively. Subjects' comments showed
STV to be intuitive, useful and preferable to existing crime analysis methods. (C) 2004 Elsevier Ltd. All
rights reserved.

Clarkson, E, J Day, and J Foley. 2005, The Development of an Educational Digital Library for Human-
Centered Computing. Technical Rpt. GIT-GVU-05-33, Georgia Tech.

Clarkson, E, JA Day, and JD Foley. 2006, "An Educational Digital Library for Human-Centered
Computing." In CHI '06 extended abstracts on Human factors in computing systems pp. 646-51.

Digital libraries have great potential to improve the educational experience. As a result, there are a
wide variety of such repositories, especially those that focus specifically on education. But relatively few
focus on topics as specific as Human-Computer Interaction (HCI) or Human-Centered Computing (HCC).
In addition, support for browsing behavior, with a few exceptions, is both weak and not suitable for user
needs. This paper presents our work to create a repository of educational materials for a relatively
narrowly-targeted field (HCC/HCI), including our requirements gathering methods and results. Finally,
we discuss the HCC Education Digital Library (HCC EDL) as a platform for investigating broader digital
library research questions, such as exploring alternative designs for content browsing mechanisms.
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Clarkson, E, and JD Foley. 2007, "Augmenting Digital Library Search Interfaces with Visual Analysis
Tools." In IEEE Information Visualization Conference, pp. 2-3.

Clarkson, E, and JD Foley. 2006, "Browsing Affordance Designs for the Human-Centered Computing
Education Digital Library." In 6th ACM/IEEE-CS joint conference on Digital libraries, pp. 361-61.

Browsing is a widespread user behavior in the digital library (DL) environment; there are an array of
existing techniques that afford browsing and are readily applicable to digital libraries. We outline the
designs of two such methods based on well-known techniques: treemaps and ScentTrails.

Clarkson, EC, and JD Foley. 2009, "Augmenting Faceted Exploration with Resultmaps." In /EEE
Conference on Information Visualization, pp. 1-4.

ResultMaps are a treemap-based [5] search visualization concept; for online digital repositories;
designed to leverages hierarchical; metadata often already present in digital libraries. We have; previously
reported our application of ResultMaps to a digital; library’s keyword search engine result pages (SERPs)
[3]. Here; we discuss the use of ResultMaps in the more interesting context; of faceted metadata and plans
for their formal evaluation.; ResultMaps perform several useful functions in that environment:; placing
items within a consistent visual context; provide a; mechanism for outlier; cluster and correlation
detection; and act; as a visual medium for previewing prospective selections.

Clarkson, EC, and JD Foley. 2007, "Resultmaps : Search Result Visualization for Hierarchical
Information Spaces." In ACM CHI '07 Workshop on Exploratory Search and HCI.

Cockburn, A, and B McKenzie. 2004, "Evaluating Spatial Memory in Two and Three Dimensions."
International Journal of Human-Computer Studies 61(3):359-73.

Prior research has shown that the efficient use of graphical user interfaces is strongly dependent on
human capabilities for spatial cognition. One facet of spatial cognition is the ability to quickly and
accurately recall and access the location of objects in a spatial arrangement. This paper describes a series
of experiments aimed at determining whether three-dimensional user interfaces better support spatial
memory than their more traditional two-dimensional counterparts. The experiments are conducted using
both computer-supported systems and physical models that vary the depth and perspective cues in spatial
arrangements of interface items. The physical models were used to escape some of the dimensional
ambiguities that are hard to control using computer displays. Results strongly suggest that adding a third
dimension to computer displays does not aid users' spatial memory. Although there were no significant
differences between the effectiveness of spatial memory when using two- and three-dimensional
computer interfaces, participants' memory for the location of cards representing web-pages was reliably
better when using a two-dimensional physical model than when using an equivalent three-dimensional
physical model.

Cohen, M, and K Brodlie. 2007, "Focus and Context for Volume Visualization." In Theory and Practice
of Computer Graphics, pp. 32-39.

Scientific investigation and simulation have been producing increasingly large datasets. Usually that
kind of data is visualized employing some scientific visualization technique. Another related field,
information visualization, deals with nonscientific large scale data, using different approaches to achieve
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an effective understanding. Our aim is to bring these two fields together, proposing a taxonomy for
volume visualization, employing information visualization techniques, particularly the focus and context
idea. A prototype is being developed, which aims to implement and evaluate a number of solutions for
this problem, identifying through demonstration which applications would benefit most from
focus+context approaches. We describe work in progress

Cohen, S, et al. 2010, "Panel : Using Visualization for Storytelling on the Web." In IEEE Conference on
Information Visualization.

Cohen, T, and D Widdows. 2009, "Empirical Distributional Semantics: Methods and Biomedical
Applications." Journal of Biomedical Informatics 42(2):390-405.

Over the past 15 years, a range of methods have been developed that are able to learn human-like
estimates of the semantic relatedness between terms from the way in which these terms are distributed in
a corpus of unannotated natural language text. These methods have also been evaluated in a number of
applications in the cognitive science, computational linguistics and the information retrieval literatures. In
this paper, we review the available methodologies for derivation of semantic relatedness from free text, as
well as their evaluation in a variety of biomedical and other applications. Recent methodological
developments, and their applicability to several existing applications are also discussed.

Cokrojoyo, H. 2005, "Multidimensional Multivariate Information Visualization Using Dynamic
Iconography." Vol M.S., pp. 150. University of Missouri - Columbia.

Large multidimensional multivariate (mdmv) datasets are now common in many fields. The data in
various digital archives exist in a multitude of formats and are too voluminous to inspect or explore
manually using numeric or tabular formats. This thesis proposes a new informational visualization
approach for exploration of mdmv datasets to enhance data mining and knowledge discovery. The
proposed technique for qualitative exploratory data analysis is to use dynamic iconography and tree icons.
Visual iconography relies on the use of icons to visually map the multidimensional feature vectors of the
dataset to three-dimensional representation to enable observers to effectively obtain qualitative
understanding and insight. Conventional iconography such as stick figure visualization, however, is
limited to two dimensions for graphical display and static icons are of limited use for mdmv datasets. We
propose two enhancements through a repertoire of animations and through the use of tree icons that are
more flexible and scalable three-dimensional icon maps. Three different types of icons were explored
including propeller type motions and stylized humanoid gait, along with branching structures for tree
icons, each with their own unique features, properties and capabilities to accommodate the various types
of mdmv data. Three different datasets were collected and analyzed including multi-spectral Landsat data
for landcover classification, handwritten digit recognition for machine learning and an e-commerce
financial survey data for web assurance. The results using the StickViz software developed in this thesis
using dynamic iconography demonstrates the utility, potential and promise of a new approach for
understanding mdmv datasets.
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Cole, C, B Mandelblatt, and J Stevenson. 2002, "Visualizing a High Recall Search Strategy Output for
Undergraduates in an Exploration Stage of Researching a Term Paper." Information Processing &
Management 38(1):37-54.

Collins, TD. 2003, "Applying Software Visualization Technology to Support the Use of Evolutionary
Algorithms." Journal of Visual Languages & Computing 14(2):123-50.

This paper describes an approach to supporting the use of evolutionary algorithms through the
integration of software visualization into the working practices of evolutionary algorithm users. A case is
made for the provision of principled visualization support at an accessible level of abstraction for the user.
Henson, a visualization framework for genetic algorithms is introduced that provides multiple levels of
abstraction for the development of interactive visualizations. A genetic algorithm visualization tool called
Gonzo is then described to illustrate the application of the framework approach and the integration of
principled visualization design in an easily adopted visualization environment. This paper concludes with
an overview of the approach described and the benefits revealed through the integration of visualization
within the software design and development process.

Compieta, P, et al. 2007, "Exploratory Spatio-Temporal Data Mining and Visualization." Journal of
Visual Languages & Computing 18(3):255-79.

Spatio-temporal data sets are often very large and difficult to analyze and display. Since they are
fundamental for decision support in many application contexts, recently a lot of interest has arisen toward
data-mining techniques to filter out relevant subsets of very large data repositories as well as visualization
tools to effectively display the results. In this paper we propose a data-mining system to deal with very
large spatio-temporal data sets. Within this system, new techniques have been developed to efficiently
support the data-mining process, address the spatial and temporal dimensions of the data set, and visualize
and interpret results. In particular, two complementary 3D visualization environments have been
implemented. One exploits Google Earth to display the mining outcomes combined with a map and other
geographical layers, while the other is a Java3D-based tool for providing advanced interactions with the
data set in a non-geo-referenced space, such as displaying association rules and variable distributions.

Conti, G, M Ahamad, and J Stasko. 2005, "Attacking Information Visualization System Usability
Overloading and Deceiving the Human." In Symposium on Usable Privacy and Security, pp. 89-100.

Information visualization is an effective way to easily comprehend large amounts of data. For such
systems to be truly effective, the information visualization designer must be aware of the ways in which
their system may be manipulated and protect their users from attack. In addition, users should be aware of
potential attacks in order to minimize or negate their effect. These attacks target the information
visualization system as well as the perceptual, cognitive and motor capabilities of human end users. To
identify and help counter these attacks we present a framework for information visualization system
security analysis, a taxonomy of visualization attacks and technology independent principles for
countering malicious visualizations. These themes are illustrated with case studies and working examples
from the network security visualization domain, but are widely applicable to virtually any information
visualization system.

A93



Convertino, G, et al. 2008, "The Cache Study: Group Effects in Computer-Supported Collaborative
Analysis." Computer Supported Cooperative Work 17(4):353-93.

The present study evaluates some effects of group composition in distributed intelligence analysis.
Prior work suggests that bias makes this task difficult. We experimentally investigated the impact of
heterogeneity of view point and prior knowledge on bias and information coverage, specifically on
anchoring and confirmation bias. Bias was substantially reduced whether individuals worked alone or in
heterogeneous groups yet, importantly, net process costs were not increased for collaborating individuals.
Also, despite similar initial bias, individuals in homogeneous groups showed increasing bias and greater
final bias than in the other conditions suggesting that ill-formed groups exacerbate bias. All participants
used CACHE, a web-based environment that supports a collaborative version of Analysis of Competing
Hypotheses (ACH)-a method employed by professional intelligence analysts. We suggest that CACHE
may be effective in reducing both bias and process costs in collaborative analysis.

Cook, K, R Earnshaw, and J Stasko. 2007, "Discovering the Unexpected." IEEE Computer Graphics and
Applications 27(5):15-9.

The marriage of computation, visual representation, and interactive thinking supports intensive
analysis. The goal is not only to permit users to detect expected events, such as might be predicted by
models, but also to help users discover the unexpected—the surprising anomalies, changes, patterns, and
relationships that are then examined and assessed to develop new insight. The Guest Editors discuss the
key issues and challenges associated with discovering the unexpected, as well as introduce the articles
that make up this Special Issue.

Cook, K, R Earnshaw, and J Stasko. 2007, "Guest Editors' Introduction: Discovering the Unexpected."
Computer Graphics and Applications, IEEE 27(5):15-19.

The marriage of computation, visual representation, and interactive thinking supports intensive
analysis. The goal is not only to permit users to detect expected events, such as might be predicted by
models, but also to help users discover the unexpected&#x2014;the surprising anomalies, changes,
patterns, and relationships that are then examined and assessed to develop new insight. The Guest Editors
discuss the key issues and challenges associated with discovering the unexpected, as well as introduce the
articles that make up this Special Issue.

Cook, MB, and HS Smallman. 2008, "Human Factors of the Confirmaiton Bias in Inteligence Analysis:
Decision Support from Graphical Evidence Landscapes." Human Factors 50(5):745-54.

OBJECTIVE: This study addresses the human factors challenge of designing and validating decision
support to promote less biased intelligence analysis. BACKGROUND: The confirmation bias can
compromise objectivity in ambiguous medical and military decision making through neglect of
conflicting evidence and judgments not reflective of the entire evidence spectrum. Previous debiasing
approaches have had mixed success and have tended to place additional demands on users' decision
making. METHOD: Two new debiasing interventions that help analysts picture the full spectrum of
evidence, the relation of evidence to a hypothesis, and other analysts' evidence assessments were
manipulated in a repeated-measures design: (a) an integrated graphical evidence layout, compared with a
text baseline; and (b) evidence tagged with other analysts' assessments, compared with participants' own
assessments. Twenty-seven naval trainee analysts and reservists assessed, selected, and prioritized
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evidence in analysis vignettes carefully constructed to have balanced supporting and conflicting evidence
sets. Bias was measured for all three evidence analysis steps. RESULTS: A bias to select a skewed
distribution of confirming evidence occurred across conditions. However, graphical evidence layout, but
not other analysts' assessments, significantly reduced this selection bias, resulting in more balanced
evidence selection. Participants systematically prioritized the most supportive evidence as most
important. CONCLUSION: Domain experts exhibited confirmation bias in a realistic intelligence analysis
task and apparently conflated evidence supportiveness with importance. Graphical evidence layout
promoted more balanced and less biased evidence selection. APPLICATION: Results have application to
real-world decision making, implications for basic decision theory, and lessons for how shrewd
visualization can help reduce bias.

Cooper, W, and C Jarvis. 2004, "A Java-Based Intelligent Advisor for Selecting a Context-Appropriate
Spatial Interpolation Algorithm." Computers & Geosciences 30(9-10):1003-18.

The choice of an appropriate interpolation technique is an imposing task. There are many techniques
to choose from depending on the characteristics of the phenomenon, the purpose of the study and also the
expertise of the user. This paper describes the implementation and architecture of a Java-based intelligent
advisor to assist a generic user, ranging from the casual to the specialist, in selecting the interpolator most
appropriate for a given task and data set. The software integrates procedural knowledge from disparate
sources through an expert system shell, and uses multiple sensory channels to present and abstract
contextual knowledge from the user regarding both the data and the task at hand. The system has been
tested for use in a meteorological domain in the first instance. The interpolation methods currently
assessed by the system are multiple forms of kriging, thin plate smoothing splines, inverse-distance
weighting and trend surface/polynomial analysis.

Cornelissen, B, et al. 2008, "Execution Trace Analysis through Massive Sequence and Circular Bundle
Views." Journal of Systems and Software 81(12):2252-68.

An important part of many software maintenance tasks is to gain a sufficient level of understanding of
the system at hand. The use of dynamic information to aid in this software understanding process is a
common practice nowadays. A major issue in this context is scalability: due to the vast amounts of
information, it is a very difficult task to successfully navigate through the dynamic data contained in
execution traces without getting lost. In this paper, we propose the use of two novel trace visualization
techniques based on the massive sequence and circular bundle view, which both reflect a strong emphasis
on scalability. These techniques have been implemented in a tool called Extravis. By means of distinct
usage scenarios that were conducted on three different software systems, we show how our approach is
applicable in three typical program comprehension tasks: trace exploration, feature location, and top-
down analysis with domain knowledge.

Corral, K, D Schuff, and R D. 2006, "The Impact of Alternative Diagrams on the Accuracy of Recall: A
Comparison of Star-Schema Diagrams and Entity-Relationship Diagrams." Decision Support Systems
42(1):450-68.

Data warehouses can be constructed using either a relational or a dimensional model. This research
compares the diagrammatic representations of these two models. Semantic network theory suggests that,
because of their structure, star-schema diagrams (SSDs) are more understandable than entity-relationship
diagrams (ERDs). Through two experiments that test both the accuracy and pattern of users' recall, we
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find strong evidence that SSDs are easier to understand than ERDs. Our findings imply that the use of the
dimensional model should help decision makers query the warehouse directly, thereby reducing costs and
the need for intervention and support by IT professionals.

Correll, MA. 2010, "Poster : Understanding Tagged Text." In IEEE Conference on Information
Visualization.

Cosmides, L, and J Tooby. 1996, "Are Humans Good Intuitive Statisticians after All? Rethinking Some
Conclusions from the Literature on Judgment under Uncertainty." Cognition 58(1):1-73.

Professional probabilists have long argued over what probability means, with, for example, Bayesians
arguing that probabilities refer to subjective degrees of confidence and frequentists arguing that
probabilities refer to the frequencies of events in the world. Recently, Gigerenzer and his colleagues have
argued that these same distinctions are made by untutored subjects, and that, for many domains, the
human mind represents probabilistic information as frequencies. We analyze several reasons why, from
an ecological and evolutionary perspective, certain classes of problem-solving mechanisms in the human
mind should be expected to represent probabilistic information as frequencies. Then, using a problem
famous in the "heuristics and biases" literature for eliciting base rate neglect, we show that correct
Bayesian reasoning can be elicited in 76% of subjects - indeed, 92% in the most ecologically valid
condition - simply by expressing the problem in frequentist terms. This result adds to the growing body of
literature showing that frequentist representations cause various cognitive biases to disappear, including
overconfidence, the conjunction fallacy, and base-rate neglect. Taken together, these new findings
indicate that the conclusion most common in the literature on judgment under uncertainty - that our
inductive reasoning mechanisms do not embody a calculus of probability - will have to be re-examined.
From an ecological and evolutionary perspective, humans may turn out to be good intuitive statisticians
after all.

Cosmides, L, and J Tooby. 1994, "Beyond Intuition and Instinct Blindness: Toward an Evolutionarily
Rigorous Cognitive Science." Cognition 50(1-3):41-77.

Cognitive psychology has an opportunity to turn itself into a theoretically rigorous discipline in which
a powerful set of theories organize observations and suggest focused new hypotheses. This cannot
happen, however, as long as intuition and folk psychology continue to set our research agenda. This is
because intuition systematically blinds us to the full universe of problems our minds spontaneously solve,
restricting our attention instead to a minute class of unrepresentative “high-level” problems. In contrast,
evolutionarily rigorous theories of adaptive function are the logical foundation on which to build
cognitive theories, because the architecture of the human mind acquired its functional organization
through the evolutionary process. Theories of adaptive function specify what problems our cognitive
mechanisms were designed by evolution to solve, thereby supplying critical information about what their
design features are likely to be. This information can free cognitive scientists from the blinders of
intuition and folk psychology, allowing them to construct experiments capable of detecting complex
mechanisms they otherwise would not have thought to test for. The choice is not between no-nonsense
empiricism and evolutionary theory; it is between folk theory and evolutionary theory.
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Costello, L, et al. 2009, "Advancing User-Centered Evaluation of Visual Analytic Environments through
Contests." Information Visualization 8(3):230-38.

In this paper, the authors describe the Visual Analytics Science and Technology (VAST) Symposium
contests run in 2006 and 2007 and the VAST 2008 and 2009 challenges. These contests were designed to
provide researchers with a better understanding of the tasks and data that face potential end users. Access
to these end users is limited because of time constraints and the classified nature of the tasks and data. In
that respect, the contests serve as an intermediary, with the metrics and feedback serving as measures of
utility to the end users. The authors summarize the lessons learned and the future directions for VAST
Challenges. Information Visualization (2009) 8, 230 - 238. doi: 10.1057/ivs.2009.16

Couclelis, H. 1998, "Worlds of Information: The Geographic Metaphor in the Visualization of Complex
Information." Cartography and Geographic Information Science 25(4):209-20.

Cowley, P, L Nowell, and J Scholtz. 2005, "Glass Box: An Instrumented Infrastructure for Supporting
Human Interaction with Information." In 38th Annual Hawaii International Conference on System
Sciences, pp. 296¢-96c¢.

In this paper, we discuss the challenges involved in developing an infrastructure to support a new
generation of analytic tools for information analysts. The infra- structure provides data for establishing
context about what the analyst is doing with the analytic tools, supports an integration environment to
allow suites of tools to work together, and supports evaluation of the analytic tools. We discuss the
functionality of the Glass Box, the challenges of evaluating adaptive systems including the capture of data
for evaluation metrics, and lessons learned from our experiences to date.

Craft, B, and P Cairns. 2008, "Directions for Methodological Research in Information Visualization." In
12th International Conference Information Visualisation, pp. 44-50.

People within and outside the information visualization community are motivated to create new tools
to address their own unique problems of understanding data. However, the techniques which
visualizations use to enhance cognition of data are not widely known outside the field. Also, there are
currently few resources which comprehensively describe methods for designing novel visualizations.
Consequently, people who seek to build new information visualization tools are left to consult design
examples, guidelines, and reference models, which do not adequately describe the visualization design
process or suggest ways to undertake the process. We identify some of these shortcomings, provide an
overview Of methodological knowledge in Information Visualization design to date, and suggest that
methods from other design-oriented disciplines can bridge these shortcomings.

Craik, K. 1943. The Nature of Explanation. Cambridge University Press, Cambridge.

Crapo, AW, et al. 2000, "Visualization and the Process of Modeling: A Cognitive-Theoretic View." In
6" ACM SIGKDD international conference on Knowledge discovery and data mining pp. 218-26.

Crescenzi, P, and G Innocenti. 2002, "Towards a Taxonomy of Network Protocol Visualization Tools." in
Software Visualization, ed. S Diehl, Vol 2269, pp. 538-42. Springer Berlin Heidelberg, Berlin.

Due to the rising importance of visualization for teaching purposes, several network protocol
visualization applications and applets are flowing on the Internet. So far, no taxonomy has been
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developed to classify this rather broad material. In this paper, we propose a taxonomy of network protocol
visualization resources, to be used either by software visualization researchers to classify their tools or by
educators to easily determine if a particular visualization actually satisfies their teaching needs. The
taxonomy (which has been obtained by analyzing stand-alone applications and applets available on the
Internet) is mainly intended to integrate previously existing taxonomies of algorithm visualization tools
by mostly considering some characteristic features which are specific of the considered subject of
network protocols.

Crestani, F, J Vegas, and P de la Fuente. 2004, "A Graphical User Interface for the Retrieval of
Hierarchically Structured Documents." Information Processing & Management 40(2):269-89.

Past research has proved that graphical user interfaces (GUIs) can significantly improve the
effectiveness of the information access task. Our work is based on the consideration that structured
document retrieval requires different user graphical interfaces from standard information retrieval. In
structured document retrieval a GUI has to enable a user to query, browse retrieved documents, provide
query refinement and relevance feedback based not only on full documents, but also on specific document
parts in relation to the document structure. In this paper, we present a new GUI for structured document
retrieval specifically designed for hierarchically structured documents. A user task-oriented evaluation
has shown that the proposed interface provides the user with an intuitive and powerful set of tools for
structured document searching, retrieved list navigation, and search refinement.

Cribbin, T, and CM Chen. 2001, "Visual-Spatial Exploration of Thematic Spaces: A Comparative Study
of Three Visualisation Models." In 8th Meeting of the Visual Data Exploration and Analysis Conference,
pp- 199-2009.

Scatter graphs (e.g., SPIRE Galaxies, Bead, VR-VIBE) are a popular medium for visualising spatial-
semantic structures derived from abstract information spaces. For small spaces (i.e., less than one hundred
nodes), such graphs can be an effective means of reducing high-dimensional information into two or three
spatial dimensions. As dimensionality increases, representing the thematic diversity of documents using
spatial proximity alone becomes less and less effective. This paper reports an experiment designed to
determine whether, for larger spaces, benefits are to be gained from adding visual links between
document nodes as an additional means of representing the most important semantic relationships. Two
well known algorithms, minimum spanning trees (MST) and pathfinder associative networks (PFNET),
were tested against both a scatter graph visualisation, derived from factor analysis, and a traditional list-
based hypertext interface. It was hypothesised that visual links would facilitate users' comprehension of
the information space with corresponding gains in information seeking performance. Navigation
performance and user impressions were analysed across a range of different search tasks. Results indicate
both significant performance gains and more positive user feedback for MST and PFNET visualisations
over scatter graphs. Performance on all visualisations was generally poorer and never better than that
achieved on the text list interface, although the magnitude of these differences was found to be highly task
dependent.

Crippa, A, et al. 2011, "Heuristics for Connectivity-Based Brain Parcellation of Sma/Pre-Sma through
Force-Directed Graph Layout." Neurolmage 54(3):2176-84.

We propose the use of force-directed graph layout as an explorative tool for connectivity-based brain
parcellation studies. The method can be used as a heuristic to find the number of clusters intrinsically
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present in the data (if any) and to investigate their organisation. It provides an intuitive representation of
the structure of the data and facilitates interactive exploration of properties of single seed voxels as well
as relations among (groups of) voxels. We validate the method on synthetic data sets and we investigate
the changes in connectivity in the supplementary motor cortex, a brain region whose parcellation has been
previously investigated via connectivity studies. This region is supposed to present two easily
distinguishable connectivity patterns, putatively denoted by SMA (supplementary motor area) and pre-
SMA. Our method provides insights with respect to the connectivity patterns of the premotor cortex.
These present a substantial variation among subjects, and their subdivision into two well-separated
clusters is not always straightforward.

Crnovrsanin, T, et al. 2009, "Proximity-Based Visualization of Movement Trace Data." In /EEE
Conference on Information Visualization, pp. 11-18.

The increasing availability of motion sensors and video cameras in living spaces has made possible
the analysis of motion patterns and collective behavior in a number of situations. The visualization of this
movement data, however, remains a challenge. Although maintaining the actual layout of the data space is
often desirable, direct visualization of movement traces becomes cluttered and confusing as the spatial
distribution of traces may be disparate and uneven. We present proximity-based visualization as a novel
approach to the visualization of movement traces in an abstract space rather than the given spatial layout.
This abstract space is obtained by considering proximity data, which is computed as the distance between
entities and some number of important locations. These important locations can range from a single fixed
point, to a moving point, several points, or even the proximities between the entities themselves. This
creates a continuum of proximity spaces, ranging from the fixed absolute reference frame to completely
relative reference frames. By combining these abstracted views with the concrete spatial views, we
provide a way to mentally map the abstract spaces back to the real space. We demonstrate the
effectiveness of this approach, and its applicability to visual analytics problems such as hazard
prevention, migration patterns, and behavioral studies.

Crosby, ME, J Scholtz, and P Ward. 2006, "Special Issue of Interacting with Computers: Symbiotic
Performance between Humans and Intelligent Systems." Interacting with Computers 18(6):1165-69.

Crowley, RS, and O Medvedeva. 2006, "An Intelligent Tutoring System for Visual Classification
Problem Solving." Artificial Intelligence in Medicine 36(1):85-117.

SummaryObjective This manuscript describes the development of a general intelligent tutoring
system for teaching visual classification problem solving.Materials and methods The approach is
informed by cognitive theory, previous empirical work on expertise in diagnostic problem-solving, and
our own prior work describing the development of expertise in pathology. The architecture incorporates
aspects of cognitive tutoring system and knowledge-based system design within the framework of the
unified problem-solving method description language component model. Based on the domain ontology,
domain task ontology and case data, the abstract problem-solving methods of the expert model create a
dynamic solution graph. Student interaction with the solution graph is filtered through an instructional
layer, which is created by a second set of abstract problem-solving methods and pedagogic ontologies, in
response to the current state of the student model.Results In this paper, we outline the empirically derived
requirements and design principles, describe the knowledge representation and dynamic solution graph,
detail the functioning of the instructional layer, and demonstrate two implemented interfaces to the
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system.Conclusion Using the general visual classification tutor, we have created SlideTutor, a tutoring
system for microscopic diagnosis of inflammatory diseases of skin.

Csikszentmihalyi, M, and K Sawyer. 1996, "Chapter 10 - Creative Insight: The Social Dimension of a
Solitary Moment." in The Nature of Insight, eds. RJ Sternberg and JE Davidson, pp. 329-61. MIT Press.

Cugini, J, S Laskowski, and M Sebrechts. 2000, "Design of 3-D Visualization of Search Results:
Evolution and Evaluation." In 7th Meeting on Visual Data Exploration and Analysis, pp. 198-210.

We discuss the evolution of the NIST Information Retrieval Visualization Engine (NIRVE), This
prototype employs modern interactive visualization techniques to provide easier access to a set of
documents resulting from a query to a search engine. The motivation and evaluation of several design
features, such as keyword to concept mapping, explicit clustering, the use of 3-D vs. 2-D, and the
relationship of visualization to logical structure are described. in particular, the results of an extensive
usability experiment show how visualization may lead to either increased or decreased cognitive load.

Cui, J, et al. 2010, "A Curved Ray Camera for Handling Occlusions through Continuous Multiperspective
Visualization." IEEE Transactions on Visualization and Computer Graphics 16(6):1235-42.

Most images used in visualization are computed with the planar pinhole camera. This classic camera
model has important advantages such as simplicity, which enables efficient software and hardware
implementations, and similarity to the human eye, which yields images familiar to the user. However, the
planar pinhole camera has only a single viewpoint, which limits images to parts of the scene to which
there is direct line of sight. In this paper we introduce the curved ray camera to address the single
viewpoint limitation. Rays are C1-continuous curves that bend to circumvent occluders. Our camera is
designed to provide a fast 3-D point projection operation, which enables interactive visualization. The
camera supports both 3-D surface and volume datasets. The camera is a powerful tool that enables
seamless integration of multiple perspectives for overcoming occlusions in visualization while
minimizing distortions.

Cui, Y, and J Widom. 2003, "Lineage Tracing for General Data Warehouse Transformations." The VLDB
Journal The International Journal on Very Large Data Bases 12(1):41-58.

Data warehousing systems integrate information from operational data sources into a central
repository to en- able analysis and mining of the integrated information. Dur- ing the integration process,
source data typically undergoes a series of transformations, which may vary from simple alge- braic
operations or aggregations to complex “data cleansing” procedures. In a warehousing environment, the
data lineage problem is that of tracing warehouse data items back to the original source items from which
they were derived. We for- mally define the lineage tracing problem in the presence of general data
warehouse transformations, and we present al- gorithms for lineage tracing in this environment. Our
tracing procedures take advantage of known structure or properties of transformations when present, but
alsowork in the absence of such information. Our results can be used as the basis for a lineage tracing tool
in a generalwarehousing setting, and also can guide the design of data warehouses that enable efficient
lineage tracing.
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Cvek, U, et al. 2008, "From Microarrays to Promoters: The Visual Story of Stat3." In 5th International
Conference on BioMedical Visualization, pp. 15-20.

High-throughput technologies have established themselves as indispensable for the study of
biological systems, from gene expression level changes, protein concentrations. to their modifications and
interactions in complex diseases and systems. This kind of data analysis is not well served by the
biostatistical techniques traditionally applied to biomedical and clinical data sets. Non-trivial patterns are
most often discovered using visual and other computational tools applied to this data. We derive patterns
and information from a series of differentially expressed genes on eight microarrays combined with
analysis of promoter regions using regular expression-driven examination of short representative
sequences called motifs. These non-trivial patterns are used to aid the discovery process through the use
of information visualization and by harnessing user's perceptual and cognitive capabilities.

Cyr, D, M Head, and A Ivanov. 2006, "Design Aesthetics Leading to M-Loyalty in Mobile Commerce."
Information & Management 43(8):950-63.

Researchers have previously examined the technology acceptance model (TAM) in many contexts,
including the Internet. More recently TAM has been enhanced to include a hedonic component of
enjoyment but the effect has rarely been investigated in a mobile commerce context. In addition, specific
antecedents of TAM related to design aesthetics have not been examined within the mobile domain. Our
research filled these gaps, and discovered that visual design aesthetics did significantly impact perceived
usefulness, ease of use, and enjoyment, all of which ultimately influenced users' loyalty intentions
towards a mobile service.

Cyr, D, M Head, and A Ivanov. 2009, "Perceived Interactivity Leading to E-Loyalty: Development of a
Model for Cognitive-Affective User Responses." International Journal of Human-Computer Studies
67(10):850-69.

Novel applications of website interactivity are important to attract and retain online users. In this
empirical study five designs for interactivity are examined using different web-poll interfaces. The goal of
the investigation is to examine perceived interactivity in a model which includes most commonly tested
cognitive elements such as efficiency and effectiveness, but augments this model with the inclusion of a
cognitive-affective element for trust, and an affective element of enjoyment. More specifically, a model is
created to validate the relationship of perceived interactivity (comprised of user control, user
connectedness, and responsiveness of the web-poll application) to efficiency, effectiveness, trust and
enjoyment, of the website. In turn, efficiency, effectiveness, trust, and enjoyment are tested for their
influence on user behavioral intentions for e-loyalty. All relationships in the model are supported. In
addition, exploratory evaluation of qualitative comments is conducted to investigate additional insights
between the five web-poll treatments in this investigation. The research confirms the complexity of a
model in which cognitive, cognitive-affective and affective elements are present, and advances
knowledge on the consequences of perceived interactivity. In additional to theoretical advancements, the
research has merit for web designers and online marketers regarding how to enhance interactive online
web applications.
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Czerwinski, MP, et al. 1999, "The Contribution of Thumbnail Image, Mouse-over Text and Spatial
Location Memory to Web Page Retrieval in 3d." In International Conference on Human-Computer
Interaction (INTERACT 99), pp. 163-70.

We present an empirical evaluation of the contribution of pictorial image and spatial location
information on the retrieval of previously stored Web pages. Subjects were given 100 snapshots of Web
pages that they stored in spatial locations on an inclined plane in a desktop 3D environment (Data
Mountain). We had them return and try to retrieve their pages again, using a variety of retrieval cues.
Even though users had not seen their Web page layout for several months, their retrieval times were not
significantly slower. In addition, on half of the trials, stored pages were not presented as thumbnail
images of the Web pages but as blank icons. Taking the pictorial thumbnail images away initially led to a
significant drop in subjects' ability to find the pages, although within a short period of time subjects were
able to find the pages equally fast without the thumbnail information. These results indicate that the use of
3D visualization techniques such as those described in this paper can lead to improved user memory for
where favourite or frequently used information is stored in an electronic environment.

Dabdoub, SM, S Member, and WC Ray. 2010, "Aesthetics and Understanding in Molecular Motion." In
IEEE Conference on Information Visualization, pp. 1-2.

Dachselt, R, and A Hiibner. 2007, "Three-Dimensional Menus: A Survey and Taxonomy." Computers &
Graphics 31(1):53-65.

Various interaction techniques have been developed in the field of virtual and augmented reality.
Whereas techniques for object selection, manipulation, travel, and wayfinding have already been covered
in existing taxonomies in some detail, application control techniques have not yet been sufficiently
considered. However, they are needed by almost every mixed reality application, e.g., for choosing from
alternative objects or options. For this purpose a great variety of distinct three-dimensional (3D) menu
selection techniques is available. This paper surveys existing 3D menus from the corpus of literature and
classifies them according to various criteria. The taxonomy introduced here assists developers of
interactive 3D applications to better evaluate their options when choosing, optimizing, and implementing
a 3D menu technique. Since the taxonomy spans the design space for 3D menu solutions, it also aids
researchers in identifying opportunities to improve or create novel virtual menu techniques.

Dadzie, AS, V Lanfranchi, and D Petrelli. 2009, "Seeing Is Believing: Linking Data with Knowledge."
Information Visualization 8(3):197-211.

The analysis of data using a visual tool is rarely a task done in isolation, it tends to be part of a wider
goal: that of making sense of the current situation, often to support decision-making. A user-centred
approach is needed in order to properly design interaction that supports sense-making incorporating visual
data analysis. This paper reports the experience gained in X-Media, a project that aims to support
knowledge management (KM), sharing and reuse across different media in large enterprises. We report
the user-centred design approach adopted and the design phases that led to the first prototype. A user
evaluation was conducted to assess the design and how different levels of data, information and
knowledge were mapped using alternative visual tools. The results show that a clear separation of the
visual data analysis from other sense-making sub-tasks helps users in focussing their attention. Users
particularly appreciated the data analysis across different media and formats, as well as the support for
contextualising information within the broader perspective of KM. Further work is needed to develop
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more fully intuitive visualisations that exploit the richer information in multimedia documents and make
the multiple connections between data more easily accessible. Information Visualization (2009) 8, 197 -
211. doi: 10.1057/1vs.2009.11;

Dahlberg, TA, and KR Subramanian. 2001, "Visualization of Mobile Network Simulations." Simulation
77(3-4):128-40.

The use of adaptive techniques in mobile networks permits scalable resource allocation policies to
meet varying demand as well as Quality of Service (QoS) performance objectives. As these algorithms
operate at multiple layers of communications architecture, evaluation of such techniques must take into
account a variety of scenarios, which are in turn parameterized by a large number of variables. The need
to monitor algorithm behavior in real time results in a data explosion. In this work, we propose new real-
time metrics to characterize an identify the critical states of a mobile network in the wake of channel
failures, congestion, signal degradation, etc. We use these metrics to define a survivability index, a
measure of mobile network performance in the wake of failures. We demonstrate the effectiveness of
information visualization techniques in understanding the complex spatial and temporal relationships
between performance and cost metrics that influence adaptive algorithms. Our visualization system is
highly scalable and interactive, permitting multiple algorithms to be simultaneously evaluated. We
demonstrate applications to network monitoring and to the design and evaluation of adaptive admission
control algorithms.

D'Amico, A, and M Kocka. 2005, "Information Assurance Visualizations for Specific Stages of
Situational Awareness and Intended Uses: Lessons Learned." In IEEE Workshop on Visualization for
Computer Security, pp. 107-12.

Information visualization has proven to be a valuable tool for working more effectively with complex
data and maintaining situational awareness in demanding operational domains. Unfortunately, many
applications of visualization technology fall short of expectations because the technology is used
inappropriately: the wrong tool applied in the wrong way. A study of visualization techniques as applied
to one particularly demanding area - information assurance - leads to the conclusion that there is a proper
and formal way to approach designing visualization techniques for maintaining situational awareness in
complex domains. Visualization techniques should be specifically designed or selected to align with one
of the three identified stages of situational awareness - perception, comprehension, or projection - and
with one of five standard uses of visualization: monitoring, inspecting, exploring, forecasting, or
communicating. Greater value can be realized by selecting the right visualization technique to focus on
each operational task, rather than searching for a single allencompassing solution to fit every need.
Examples of how visualizations can be used to support specific tasks of A analysis are presented, with
examples based on a review of available literature, a formal cognitive task analysis performed by the
authors, and lessons learned from direct experience with developing IA visualizations and training
analysts in their use.

D'Amico, AD, et al. 2007, "Visual Discovery in Computer Network Defense." Computer Graphics and
Applications, IEEE 27(5):20-27.

Computer network defense (CND) requires analysts to detect both known and novel forms of attacks

in massive volumes of network data. It's through discovering the unexpected that CND analysts detect
new versions of mal ware (such as viruses and Trojan horses) that have passed through their antivirus
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products, new methods of intrusion that have breached their firewalls and intrusion detection systems
(IDSs), and new groups of cyber-criminals pressing the attack. This paper presents visual assistant for
information assurance analysis. VIAssist is a visualization framework based on a comprehensive

cognitive task analysis of CND analysts, and so fits their work practices and operational environment.

Dang, TN, L Wilkinson, and A Anand. 2010, "Stacking Graphic Elements to Avoid over-Plotting." I[EEE
Transactions on Visualization and Computer Graphics 16(6):1044-52.

An ongoing challenge for information visualization is how to deal with over-plotting forced by ties or
the relatively limitedvisual field of display devices. A popular solution is to represent local data density
with area (bubble plots, treemaps), color(heatmaps), or aggregation (histograms, kernel densities, pixel
displays). All of these methods have at least one of three deficiencies: 1) magnitude judgments are biased
because area and color have convex downward perceptual functions, 2) area, hue, and brightnesshave
relatively restricted ranges of perceptual intensity compared to length representations, and/or 3) it is
difficult to brush or link toindividual cases when viewing aggregations. In this paper, we introduce a new
technique for visualizing and interacting with datasetsthat preserves density information by stacking
overlapping cases. The overlapping data can be points or lines or other geometricelements, depending on
the type of plot. We show real-dataset applications of this stacking paradigm and compare them to
othertechniques that deal with over-plotting in high-dimensional displays.

Dansereau, DF, and DD Simpson. 2009, "A Picture Is Worth a Thousand Words: The Case for Graphic
Representations." Professional Psychology: Research and Practice 40(1):104-10.

Research in psychology and communication shows a strong advantage for visual displays in
comparison with typical language, and technological innovations in computer graphics and printing
capabilities now make them cost-effective as well. It can be argued that the greater use of evidence-based
visualization strategies can enhance communication occurring in the interactions among and between
health service delivery counselors, clients, evaluators, administrators, and clinical supervisors. In this
article we present conceptual, empirical, and practical reasons for increasing the use of node-link (box-
line) graphic representations in psychological treatment systems. These general-purpose displays offer
clinical advantages by clearly representing interrelationships among ideas, emotions, and actions that are
often lost in verbal discourse.

Danziger, M. 2008, "Information Visualization for the People." in Dept. of Comparative Media Studies,
Vol M.S. MIT.

Includes bibliographical references (p. 85-89). The design of information visualization, defined as the
interactive, graphical presentation of data, is on the verge of a significant paradigm shift brought on by
the continued maturation of the Information Age. Its traditional role as a scientific tool deployed by
rigorous data analysts is in the process of expanding to include more mainstream uses and users,
reflecting fundamental changes to the role of information and data in our increasingly digital society.
However, visualization design theory remains rooted in earlier conceptions of its use, largely ignoring the
needs of this new, non-expert audience. Accordingly, this thesis attempts to re-contextualize information
visualization as a public-facing practice, and explores ways in which its design can shift from being
described as "by experts, for experts" to a new characterization as "for the people." by Michael Danziger.
S.M.
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Darling, E, et al. 2004, "An Experimental Investigation of Magnification Lens Offset and Its Impact on
Imagery Analysis." In IEEE Symposium on Information Visualization, pp. p5-p5.

A digital lens is a user interface mechanism that is a potential solution to information mangement
problems. We investigated the use of digital lensing applied to imagery analysis. Participants completed
three different types of tasks (locate, follow, and compare) using a magnification lens with three different
degrees of offset (aligned, adjacent, and docked) over a high-resolution aerial photo. Although no lens
offset mode was significantly better than another, most participants preferred the adjacent mode for the
locate and compare tasks, and the docked mode for the follow tasks. This paper describes the results of a
user study of magnification lenses and provides new insights into preferences of and interactions with
digital lensing.

Daschiel, H, and M Datcu. 2005, "Design and Evaluation of Human-Machine Communication for Image
Information Mining." Multimedia, IEEE Transactions on 7(6):1036-46.

Very large volumes of heterogenous data, like multimedia, Earth observation images, scientific and
engineering measurements, for instance, are continuously generated and stored. A typical case is the field
of Earth observation. The widespread availability of high resolution images does not only explore the
volumes of data, but also brings order at magnitude in the image detail, thus enormously increasing the
information content. However, today's concepts and technologies are still limited in communicating the
information content to people for use in real life applications. In this paper, we overview a new concept
for knowledge-driven image information mining (KIM) and both analyze and evaluate it from the
perspective of human-machine communication. The KIM concept enables the information
communication from a very large image repository to users via the Internet. The communication is at a
semantic level of representation and is adapted to the user's conjecture.

Dasgupta, A, and R Kosara. 2010, "Pargnostics: Screen-Space Metrics for Parallel Coordinates."
Visualization and Computer Graphics, IEEE Transactions on 16(6):1017-26.

Interactive visualization requires the translation of data into a screen space of limited resolution.
While currently ignored by most visualization models, this translation entails a loss of information and
the introduction of a number of artifacts that can be useful, (e.g., aggregation, structures) or distracting
(e.g., over-plotting, clutter) for the analysis. This phenomenon is observed in parallel coordinates, where
overlapping lines between adjacent axes form distinct patterns, representing the relation between
variables they connect. However, even for a small number of dimensions, the challenge is to effectively
convey the relationships for all combinations of dimensions. The size of the dataset and a large number of
dimensions only add to the complexity of this problem. To address these issues, we propose Pargnostics,
parallel coordinates diagnostics, a model based on screen-space metrics that quantify the different visual
structures. Pargnostics metrics are calculated for pairs of axes and take into account the resolution of the
display as well as potential axis inversions. Metrics include the number of line crossings, crossing angles,
convergence, overplotting, etc. To construct a visualization view, the user can pick from a ranked display
showing pairs of coordinate axes and the structures between them, or examine all possible combinations
of axes at once in a matrix display. Picking the best axes layout is an NP-complete problem in general,
but we provide a way of automatically optimizing the display according to the user's preferences based on
our metrics and model.
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Dastbaz, M. 2000, "Hypermedia Aided Learning (Hal): A Viewpoint on Delivering Education in the New
Millennium." In IEEE International Conference on Information Visualization, pp. 44-48.

The paper discusses the emergence of multimedia systems and with it the emergence of hypermedia
as a new and powerful learning medium. The effects of this new technology on computer aided learning
(CAL) as well as problems associated with CAL are discussed. The paper argues that hypermedia aided
learning (HAL) could remedy some of the problems associated with CAL and pave the way for a new
generation of powerful learning tools to emerge. Evaluation of HAL as a learning resource is also
presented. The problems associated with HAL and the prospect ahead are also discussed

Davidson, JE. 1996, "Chapter 4 - the Suddenness of Insight." in The Nature of Insight, eds. RJ Sternberg
and JE Davidson, pp. 125-55. MIT Press.

Davidson, S, et al. 2007, "Provenance in Scientific Workflow Systems." Bulletin of the IEEE Computer
Society Technical Committee on Data Engineering 30(4):44-50.

The automated tracking and storage of provenance information promises to be a major advantage of
scientific workflow systems. We discuss issues related to data and workflow provenance, and present
techniques for focusing user attention on meaningful provenance through “user views,” for managing the
provenance of nested scientific data, and for using information about the evolution of a workflow
specification to understand the difference in the provenance of similar data products.

Debije-Meessen, AEJ, and JAH Jansen. 2006, "The Balance between Aesthetics, Usability and Corporate
Identity: Graphic User Interface Design within a Commercial Company." In /0th International
Conference on Information Visualization, pp. 357-61.

This paper describes the search for a balance between aesthetics, usability and corporate identity in
product development. This case study shows that usability has been integrated in the process for some
time now. Aesthetics and corporate identity is relatively new and not yet incorporated at the same level.
Over the past three years we developed a new software style called Ocean. For the first time, as a starting
point of the design process, the design team created an aesthetic concept. During the following design
process, small, splintered checks are carried out on usability and on perception. However, no overall test
is carried out to evaluate the perception of the product as a whole. Do our users experience the software
product as professional, independent and human? Do they recognise the Oce brand they know from
earlier marketing campaigns? Looking back on the Ocean design process, aesthetics proved itself to be a
valid requirement. Expanding our tests with professional checks on perception would complete the
embedding of aesthetics in our design process. This is a bridge that still needs to be crossed. To be able to
cross this bridge we, as graphic user interface designers, need proper evaluation methods, better
information and more case studies. In other words, we need backup from the information visualisation
field in order to achieve this acceptance
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Decker, JW. 2010, "An Interactive , Visual Composite Tuner for Multi-Layer Spatial Data Sets." In /EEE
Conference on Information Visualization.

Defanti, TA, and MD Brown. 1991, "Visualization in Scientific Computing." in Advances in Computers,
ed. CY Marshall, Vol 33, pp. 247-307. Elsevier.

Dekker, S, and M Lutzhoft. 2004, "Correspondence, Cognition and Sensemaking: A Radical Empiricist
View of Situation Awareness: Theory and Application." pp. 22-41. Ashgate Publishing Company,
Burlington, VT.

Del Nero, HS. 1994, "Cognitive Systems and Cognitive Science." In /[EEE International Conference on
Systems, Man, and Cybernetics, pp. 1962-67.

There are two main strategies in cognitive science that pursue the very nature of mental powers.
One is seeking the origins of the processes that can be called intelligent. The other is seeking the nature of
what one might call mental objects. This article attempts to establish why mental objects are manipulated
in the central nervous system, trying to understand one of the most intriguing features of this
manipulation, i.e., switching from automatic to conscious modes of operation. In my view cognitive
science has a broader view than cognitive systems, while setting the question about the nature of
conscious control as opposed to automatic control. A tentative model of automatic to conscious
manipulation is presented using the phase-locked-loop approach. Conscious control would be in this way
the resulting process that emerges every time an object, here defined as an oscillation of a group of
neurons, displays structural instability, i.e., there is a bifurcation point in the parameters space

Demsar, U. 2007, "Investigating Visual Exploration of Geospatial Data: An Exploratory Usability
Experiment for Visual Data Mining." Computers, Environment and Urban Systems 31(5):551-71.

This study presents a small exploratory usability experiment with the goal to observe how people
visually explore geospatial data. The well-known iris dataset from pattern recognition was put into
geographical context for this experiment, in order to provide the participants with a dataset with easily
observable spatial and other relationships. The participants were given free hand to explore this dataset
with a visual data mining system in any way they liked. The protocols collected during the experiment
with the thinking-aloud method were analysed with the aim to understand what types of hypotheses the
participants formed, which visualisations they used to either derive, confirm or reject their hypotheses and
what exploration strategies they adopted.

Derthick, M, and SF Roith. 2001, "Enhancing Data Exploration with a Branching History of User
Operations." Knowledge-Based Systems 14(1-2):65-74.

Backtracking and investigating alternative scenarios are integral parts of exploratory data analysis.
Yet today's interfaces cannot represent alternative exploration paths as a branching history, forcing the
user to recognize conceptual branch points in a linear history. Further, the interface can only show
information from one state at a time, forcing users to rely on memory to compare scenarios. Our system
includes a tree-structured visualization for navigating across time and scenarios. The visualization also
allows browsing the history and selectively undoing/redoing events within a scenario or across scenarios.
It uses the Al formalism of contexts to maintain multiple, possibly mutually inconsistent, knowledge base
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states. Cross-context formulas can be written for explicit scenario comparison, including visualizations of
scenario differences.

Deshpande, G, P Santhanam, and X Hu. 2011, "Instantaneous and Causal Connectivity in Resting State
Brain Networks Derived from Functional Mri Data." Neurolmage 54(2):1043-52.

Background Most neuroimaging studies of resting state networks have concentrated on functional
connectivity (FC) based on instantaneous correlation in a single network. In this study we investigated
both FC and effective connectivity (EC) based on Granger causality of four important networks at resting
state derived from functional magnetic resonance imaging data -- default mode network (DMN),
hippocampal cortical memory network (HCMN), dorsal attention network (DAN) and fronto-parietal
control network (FPCN).Methodology/principle findings A method called correlation-purged Granger
causality analysis was used, not only enabling the simultaneous evaluation of FC and EC of all networks
using a single multivariate model, but also accounting for the interaction between them resulting from the
smoothing of neuronal activity by hemodynamics. FC was visualized using a force-directed layout upon
which causal interactions were overlaid. FC results revealed that DAN is very tightly coupled compared
to the other networks while the DMN forms the backbone around which the other networks amalgamate.
The pattern of bidirectional causal interactions indicates that posterior cingulate and posterior inferior
parietal lobule of DMN act as major hubs. The pattern of unidirectional causal paths revealed that
hippocampus and anterior prefrontal cortex (aPFC) receive major inputs, likely reflecting memory
encoding/retrieval and cognitive integration, respectively. Major outputs emanating from anterior insula
and middle temporal area, which are directed at aPFC, may carry information about interoceptive
awareness and external environment, respectively, into aPFC for integration, supporting the hypothesis
that aPFC-seeded FPCN acts as a control network.Conclusions/significance Our findings indicate the
following. First, regions whose activities are not synchronized interact via time-delayed causal influences.
Second, the causal interactions are organized such that cingulo-parietal regions act as hubs. Finally,
segregation of different resting state networks is not clear cut but only by soft boundaries.

Deursen, AV. 2010, "A Pragmatic Perspective on Software Visualization." In 5th ACM Symposium on
Software Visualization (SOFTVIS), pp. 4503-03.

Devai, F. 2002, "An Analysis Technique and an Algorithm for Line Clipping." In /EEE Conference on
Information Visualization, pp. 157-65.

A mathematical model for the expected-time analysis of line-clipping algorithms is proposed.
Assuming that all clipping windows are equally likely, we demonstrate that the probability of a line
segment being totally outside the window approaches the value of 8/9, provided that the line segments
tend to be short and evenly distributed within a rectangle. Acceptance-rejection matrices are introduced
for a machine-independent comparison of algorithms. A new line-clipping method, called QuickClip, is
also proposed. QuickClip is not only simpler and more concise than the Cohen-Sutherland algorithm, the
most widely used method in computer graphics, but also faster both in terms of machine-independent
analysis and timing results on random line segments. Timing results also indicate that QuickClip is
significantly faster than the Nicholl-Lee-Nicholl (1987) algorithm. The theoretical results generalise to
3D, with the important consequence that the average clipping volume is 1/27 of the volume of the model
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Dhillon, IS, DS Modha, and WS Spangler. 2002, "Class Visualization of High-Dimensional Data with
Applications." Computational Statistics & Data Analysis 41(1):59-90.

The problem of visualizing high-dimensional data that has been categorized into various classes is
considered. The goal in visualizing is to quickly absorb inter-class and intra-class relationships. Towards
this end, class-preserving projections of the multidimensional data onto two-dimensional planes, which
can be displayed on a computer screen, are introduced. These class-preserving projections maintain the
high-dimensional class structure, and are closely related to Fisher's linear discriminants. By displaying
sequences of such two-dimensional projections and by moving continuously from one projection to the
next, an illusion of smooth motion through a multidimensional display can be created. Such sequences are
called class tours. Furthermore, class-similarity graphs are overlaid on the two-dimensional projections to
capture the distance relationships in the original high-dimensional space. The above visualization tools
are illustrated on the classical Iris plant data, the ISOLET spoken letter data, and the PENDIGITS on-line
handwriting data set. It is shown how the visual examination of the data can uncover latent class
relationships.

Diakopoulos, N, M Naaman, and F Kivran-swaine. 2010, "Diamonds in the Rough : Social Media Visual
Analytics for Journalistic Inquiry." In IEEE Symposium on Visual Analytics Science & Technology,
pp. 115-22.

Diehl, S, and Acm. 2005, "Software Visualization." In 27th International Conference on Software
Engineering (ICSE 2005), pp. 718-19.

This half-day tutorial gives an overview of the current state-of-the-art in software visualization.
Software visualization encompasses the development and evaluation of methods for graphically
representing different aspects of software, including its structure, its execution, and its evolution. In
contrast to visual programming and diagramming for software design, software visualization is not so
much concerned with the construction, but with the analysis of programs and their development process.
Software visualization combines techniques from areas like software engineering, programming
languages, data mining, computer graphics, information visualization and human-computer interaction.
Topics covered in this tutorial include static program visualization, algorithm animation, visual
debugging, as well as the visualization of the evolution of software. In particular we identify common
principles illustrated by many examples and give pointers to tools available today.

Diehl, S, F Beck, and M Burch. 2010, "Uncovering Strengths and Weaknesses of Radial Visualizations---
an Empirical Approach." IEEE Transactions on Visualization and Computer Graphics 16(6):935-42.

Radial visualizations play an important role in the information visualization community. But the
decision to choose a radial coordinate system is rather based on intuition than on scientific foundations.
The empirical approach presented in this paper aims at uncovering strengths and weaknesses of radial
visualizations by comparing them to equivalent ones in Cartesian coordinate systems. We identified
memorizing positions of visual elements as a generic task when working with visualizations. A first study
with 674 participants provides a broad data spectrum for exploring differences between the
two visualization types. A second, complementing study with fewer participants focuses on further
questions raised by the first study. Our findings document that Cartesian visualizations tend to outperform
their radial counterparts especially with respect to answer times. Nonetheless, radial visualization seem to
be more appropriate for focusing on a particular data dimension.
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Dillman, DA, et al. 2009, "Response Rate and Measurement Differences in Mixed-Mode Surveys Using
Mail, Telephone, Interactive Voice Response (Ivr) and the Internet." Social Science Research 38(1):1-18.

The potential for improving response rates by changing from one mode of data collection to another
mode and the consequences for measurement and nonresponse errors are examined. Data collection from
8999 households was done in two phases. Phase 1 data collection was conducted by telephone interview,
mail, interactive voice response, or the Internet, while Phase 2 focused on nonrespondents to Phase 1, and
was conducted by a different mode, either telephone or mail. Results from our study suggest that
switching to a second mode is an effective means of improving response. We also find that for the
satisfaction-dissatisfaction questions asked in this survey, respondents to the aural modes (telephone and
IVR) are significantly more likely than are respondents to the visual modes (mail and web) to give
extreme positive responses, a difference that cannot be accounted for by a tendency towards recency
effects with telephone. In general, switching to a second mode of data collection was not an effective
means of reducing nonresponse error based on demographics.

Ding, Y, GG Chowdhury, and S Foo. 2001, "Bibliometric Cartography of Information Retrieval Research
by Using Co-Word Analysis." Information Processing & Management 37(6):817-42.

Ding, Y, et al. 2000, "Bibliometric Information Retrieval System (Birs): A Web Search Interface

Utilizing Bibliometric Research Results." Journal of the American Society for Information Science
51(13):1190-204.

The aim of this article is to test whether the results obtained from a specific bibliographic research
can be applied to a real search environment and enhance the level of utility of an information retrieval
session for all levels of end users. In this respect, a Web-based Bibliometric Information Retrieval System
(BIRS) has been designed and created, with facilities to assist the end users to get better understanding of
their search domain, formulate and expand their search queries, and visualize the bibliographic research
results. There are three specific features in the system design of the BIRS: the information visualization
feature of the BIRS (cocitation maps) to guide the end users to identify the important research groups and
capture the detailed information about the intellectual structure of the search domain; the multilevel
browsing feature to allow the end users to go to different levels of interesting topics; and the common
user interface feature to enable the end users to search all kinds of databases regardless of different
searching systems, different working platforms, different database producer and supplier, such as
different Web search engines, different library OPACs, or different on-line databases, A preliminary user
evaluation study of BIRS revealed that users generally found it easy to form and expand their queries, and
that BIRS helped them acquire useful background information about the search domain. They also
pointed out aspects of information visualization, multilevel browsing, and common user interface as novel
characteristics exhibited by BIRS.

Dittenbach, M, A Rauber, and D Merkl. 2002, "Uncovering Hierarchical Structure in Data Using the
Growing Hierarchical Self-Organizing Map." Neurocomputing 48(1-4):199-216.

Discovering the inherent structure in data has become one of the major challenges in data mining
applications. It requires stable and adaptive models that are capable of handling the typically very high-
dimensional feature spaces. In particular, the representation of hierarchical relations and intuitively visible
cluster boundaries are essential for a wide range of data mining applications. Current approaches based on
neural networks hardly fulfill these requirements within a single model. In this paper we present the
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growing hierarchical self-organizing map (), a neural network model based on the self-organizing map.
The main feature of this novel architecture is its capability of growing both in terms of map size as well as
in a three-dimensional tree-structure in order to represent the hierarchical structure present in a data
collection during an unsupervised training process. This capability, combined with the stability of the
self-organizing map for high-dimensional feature space representation, makes it an ideal tool for data
analysis and exploration. We demonstrate the potential of the with an application from the information
retrieval domain, which is prototypical both of the high-dimensional feature spaces frequently
encountered in today's applications as well as of the hierarchical nature of data.

Dix, A. 2010, "Human-Computer Interaction: A Stable Discipline, a Nascent Science, and the Growth of
the Long Tail." Interacting with Computers 22(1):13-27.

This paper represents a personal view of the state of HCI as a design discipline and as a scientific
discipline, and how this is changing in the face of new technological and social situations. Going back
20 years a frequent topic of discussion was whether HCI was a []discipline'. It is unclear whether this
was ever a fruitful topic, but academic disciplines are effectively about academic communities and there
is ample evidence of the long-term stability of the international HCI/CHI community. However, as in
computer [ ]science', the central scientific core of HCI is perhaps still unclear; for example, a strength of
HCl is the closeness between theory and practice, but the corresponding danger is that the two are often
confused. The paper focuses particularly on the challenge of methodological thinking in HCI, especially
as the technological and social context of HCI rapidly changes. This is set alongside two other challenges:
the development of reliable knowledge in HCI and the clear understanding of interlinked human roles
within the discipline. As a case study of the need for methodological thinking, the paper considers the use
of single person studies in research and design. These are likely to be particularly valuable as we move
from a small number of applications used by many people to a [ ']long tail' where large numbers of
applications are used by small numbers of people. This change calls for different practical design
strategies; focusing on the peak experience of a few rather than acceptable performance for many.
Moving back to the broader picture, as we see more diversity both in terms of types of systems and kinds
of concerns, this may also be an opportunity to reflect on what is core across these; potential
fragmentation becoming a locus to understand more clearly what defines HCI, not just for the things we
see now, but for the future that we cannot see.

do Nascimento, HAD, and P Eades. 2005, "User Hints: A Framework for Interactive Optimization."
Future Generation Computer Systems 21(7):1177-91.

Innovative improvements in the area of human-computer interaction and user interfaces have enabled
intuitive and effective applications for a variety of problems. On the other hand, there has also been the
realization that several real-world optimization problems still cannot be totally automated. Very often,
user interaction is necessary for refining the optimization problem, managing the computational resources
available, or validating or adjusting a computer-generated solution. This paper presents an interactive
framework called user hints for having humans help optimization methods to solve difficult problems. In
the framework users play a dynamic and important role by providing hints. Hints are actions that help to
insert domain knowledge, to escape from local minima, to reduce the space of solutions to be explored, or
to avoid ambiguity when there is more than one optimal solution. User hints are given in an intuitive way
through a graphical interface. Visualization tools are also included in order to inform the user about the
state of the optimization process. We discuss applications of the user hints framework to the graph
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drawing and the map labeling problems. An evaluation of some user hints systems indicates that
optimization processes can benefit from human interaction. (c) 2004 Elsevier B.V. All rights reserved.

Dobson, A. 1997, "Architectural Composition in the Electronic Design Studio: Conceptual Design Using
Cad Visualisation and Virtual Reality Modelling." In /IEEE Conference on Information Visualization, pp.
179-85.

The paper evaluates the possibilities for the use of computer aided design and desktop virtual reality
technologies as tools for architectural composition. An experimental teaching programme involving
undergraduate architectural students at the University of Luton, in which aspects of compositional theory
are explored through the direct creation of architectural form and space in digital formats is described. In
the programme principles of architectural composition, based upon the ordering and organisation of
typological architectural elements according to established rules of composition are introduced to the
students through the study of recognised works of design theory. CAD and desktop virtual reality are then
used to define and manipulate architectural elements, and to make formal and spatial evaluations of the
environments created. The paper describes the theoretical context of the work, assesses the suitability of
the software used for performing compositional manipulations, and evaluates the qualities of immersion
and intuitive feedback which virtual reality based modelling can offer in the design visualisation process.
The teaching programme utilises standard software packages, including AutoCAD, and 3D Studio, as
well as Superscape VRT, a PC based desktop VR package

Dodge, S, R Weibel, and A-K Lautenschiitz. 2008, "Towards a Taxonomy of Movement Patterns."
Information Visualization 7(3-4):240-52.

Dollner, J, and M Walther. 2003, "Real-Time Expressive Rendering of City Models." In 7th International
Conference on Information Visualization, pp. 245-50.

City models have become central elements for visually communicating spatial information related to
urban areas and have manifold applications. Our real-time nonphotorealistic rendering technique aims at
abstract, comprehensible, and vivid drawings of assemblies of polygonal 3D urban objects. It takes into
account related principles in cartography, cognition, and nonphotorealism. Technically, the geometry of a
building is rendered using expressive line drawings to enhance the edges, two-tone or three-tone shading
to draw the faces, and simulated shadows. The edge enhancement offers several degrees of freedom, such
as interactively changing the style, width, tilt, color, transparency, and length of the strokes. Traditional
drawings of cities and panoramas inspired the tone shading that achieves a pleasing visual color effect.
The rendering technique can be applied not only to city models but to polygonal shapes in general.

Dominowski, RL, and P Dallob. 1996, "Insight and Problem Solving." in The Nature of Insight, eds.
RJ Sternberg and JE Davidson, pp. 33-62. MIT Press.

Donato, JM, et al. 1999, "Mining Multi-Dimensional Data for Decision Support." Future Generation
Computer Systems 15(3):433-41.

Personal bankruptcy is an increasingly common yet little understood phenomenon. Attempts to

predict bankruptcy have involved the application of data mining techniques to credit card data. This is a
difficult problem, since credit card data is multi-dimensional, consisting of monthly account records and
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daily transaction records. In this paper, we describe a two-stage approach that combines decision trees
and neural networks to predict personal bankruptcy using credit card data.

Dork, M, et al. 2010, "A Visual Backchannel for Large-Scale Events." IEEE Transactions on
Visualization and Computer Graphics 16(6):1129-38.

We introduce the concept of a Visual Backchannel as a novel way of following and exploring online
conversations aboutlarge-scale events. Microblogging communities, such as Twitter, are increasingly
used as digital backchannels for timely exchange ofbrief comments and impressions during political
speeches, sport competitions, natural disasters, and other large events. Currently,shared updates are
typically displayed in the form of a simple list, making it difficult to get an overview of the fast-paced
discussions asit happens in the moment and how it evolves over time. In contrast, our Visual Backchannel
design provides an evolving, interactive,and multi-faceted visual overview of large-scale ongoing
conversations on Twitter. To visualize a continuously updating informationstream, we include visual
saliency for what is happening now and what has just happened, set in the context of the evolving
conversation.As part of a fully web-based coordinated-view system we introduce Topic Streams, a
temporally adjustable stacked graphvisualizing topics over time, a People Spiral representing participants
and their activity, and an Image Cloud encoding the popularityof event photos by size. Together with a
post listing, these mutually linked views support cross-filtering along topics, participants, andtime ranges.
We discuss our design considerations, in particular with respect to evolving visualizations of dynamically
changing data.Initial feedback indicates significant interest and suggests several unanticipated uses.

Dornburg, CC, et al. 2009, "Working Memory Load as a Novel Tool for Evaluating Visual Analytics." In
IEEE Symposium on Visual Analytics Science and Technology, pp. 217-18.

The current visual analytics literature highlights design and evaluation processes that are highly
variable and situation dependent, which raises at least two broad challenges. First, lack of a standardized
evaluation criterion leads to costly re-designs for each task and specific user community. Second, this
inadequacy in criterion validation raises significant uncertainty regarding visualization outputs and their
related decisions, which may be especially troubling in high consequence environments like those of the
Intelligence Community. As an attempt to standardize the "apples and oranges" of the extant situation, we
propose the creation of standardized evaluation tools using general principles of human cognition.
Theoretically, visual analytics enables the user to see information in a way that should attenuate the user's
memory load and increase the user's task-available cognitive resources. By using general cognitive
abilities like available working memory resources as our dependent measures, we propose to develop
standardized evaluative capabilities that can be generalized across contexts, tasks, and user communities.
©2009 IEEE.

Dorner, R, and C Ware. 2004, "Visual Interactive Stimuli Techniques: Interactive Tools for Exploring
Data Using Behavioral Animation." Journal of Visual Languages & Computing 15(2):161-81.

Data driven behavioral animation is a new visual computing technique that involves mapping data
attributes to the behavioral functions of a set of graphical data avatars. When the avatars are allowed to
interact, their individual and group behavior reveals qualitative structures in the data as well as
relationships. In this paper we present a set of novel techniques for interacting with systems of data
avatars. These are especially intended to support the user in exploring the data visually in the early stages
of data analysis. We show that the methodology supports a comprehensive set of interactive tasks
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including the abstracting of meaning, comparing groups, identifying relationships, imposing structures
and hypothesis testing. The techniques are implemented in a system called AnimVis that supports
behavioral data exploration in a two-dimensional arena.

Dou, W, et al. 2009, "Recovering Reasoning Processes from User Interactions." IEEE Computer
Graphics and Applications 29(3):52-61.

Understanding how analysts use visual-analytics (VA) tools can help reveal their reasoning processes
when using these tools. By examining analysts' interaction logs, the authors identified the analysts'
strategies, methods, and findings when using a financial VA tool.

Dou, W, et al. 2010, "Comparing Different Levels of Interaction Constraints for Deriving Visual Problem
Isomorphs." In IEEE Conference on Information Visualization, pp. 195-202.

Downing, RE, JL Moore, and SW Brown. 2005, "The Effects and Interaction of Spatial Visualization and
Domain Expertise on Information Seeking." Computers in Human Behavior 21(2):195-209.

Information seeking skills are becoming increasingly important as rapid and widespread
developments in technology have made information available in more formats and from more sources
than ever before. Research in human computer interaction (HCI) has demonstrated that primary cognitive
abilities represent a powerful predictor of information-seeking success in electronic information systems.
Specifically, spatial visualization ability (SVA) seems to be particularly related to hierarchical menus
systems navigation within databases, online learning environments, information archival systems, and
virtually all internet web sites. Research indicates that individuals with low SVA take longer to complete
tasks and experience more errors on first attempts to find information in hierarchical databases compared
to those with high SVA. Understanding the influences of SVA as well as its interaction with other aspects
of individual differences, such as domain expertise, is critical to the design of systems intended to
accommodate individual differences in users. Thirty-five college students (23 males and 12 females) were
selected from the general student body of two universities and assigned to groups based upon their self-
reported membership in one of two specific disciplines: business (n=26) or biology (n=9). Participants
were then assigned to groups based upon scores on tests of SVA using a median-split. Each participant
conducted five searches: one neutral search, two searches for business related information, and two
searches for biology related information using the FirstSearch archival search tool. A 2x2 factorial
Analysis of Variance with one between-groups variable (high vs. low SVA) and one within-group
variable (high vs. low domain expertise) indicated a significant main effect of SVA as well as a
significant main effect of Domain Expertise on the time required to find their first relevant article on the
search topic. The analysis also revealed that there was no main effect for SVA on the total number of
relevant articles found during the search period but there was a significant main effect of Domain
Expertise on the total total-number-of-relevant-articles found. There was no interaction between SVA and
Domain Expertise on either time to first article or total number of articles found. Results of the study
extend existing knowledge regarding the effects of SVA and domain expertise on information seeking by
demonstrating a strong effect of SVA and domain expertise on information seeking skills. The results of
this study also provide evidence in support of interface designs that are friendlier to information seekers
who have low SVA. Related findings and suggestions for further research are discussed.
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Driessen, S, J Jacobs, and WO Huijsen. 2007, "Combining Query and Visual Search for Knowledge
Mapping." In 10th International Conference on Information Visualization, pp. 216-24.

Searching through information can be done in two ways: by querying and browsing. In the literature
these approaches are treated separately. However every search usually consists of a combination of
browsing and querying. Therefore this paper is about combining querying and browsing in one search
interface. Our hypothesis is that both strategies can be combined and users will be better supported in
their search for information. A model is presented how to combine these approaches and this model is
evaluated by applying it in the knowledge-mapping domain. We will show that combining both strategies
in one model is possible. Based on our evaluation of the application of this model we conclude that the
users understand this combination and find it to be helpful. However several technical issues need to be
addressed in our future research to confirm the usefulness of this combination

Droste, P, et al. 2010, "Customizable Visualization on Demand for Hierarchically Organized Information
in Biochemical Networks." In 2nd International Symposium on Computational Modeling of Objects
Represented in Images, pp. 163-74.

Systems biology is concerned with systemic and integrative studies of complex interactions between
molecular components within microorganisms and higher cells, and aims at generating holistic
understanding of biological processes. The interactions between genes, proteins and metabolites are
naturally represented by hierarchically interconnected biochemical networks on different levels.
Moreover, the network topology is typically supplemented by qualitative information and quantitative
data on individual mechanisms and system states, for example enzyme kinetics and flow rates.
Measurement data are often combined with simulation results and knowledge from databases. Due to
constantly improving high throughput techniques we increasingly face the challenge of visualizing
manifold and extensive data within large biochemical network diagrams. This issue is effectively
addressed by the interactive Visualization on Demand (VoD) approach for hierarchically structured
network diagrams presented in this contribution.

Druin, A, et al. 2003, "Designing a Digital Library for Young Children: An Intergenerational
Partnership." in The Craft of Information Visualization, Readings and Reflections, eds. BB Benjamin and
S Ben, pp. 178-85. Morgan Kaufmann, San Francisco.

Summary As more information resources become accessible using computers, our digital interfaces to
those resources need to be appropriate for all people. However when it comes to digital libraries, the
interfaces have typically been designed for older children or adults. Therefore, we have begun to develop
a digital library interface developmentally appropriate for young children (ages 5-10 years old). Our
prototype system we now call "SearchKids" offers a graphical interface for querying, browsing and
reviewing search results. This paper describes our motivation for the research, the design partnership we
established between children and adults, our design process, the technology outcomes of our current
work, and the lessons we have learned.
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Dubchak, PI, et al. 2010, "Panel : Challenges in Visualizing Biological Data." In /EEE Conference on
Information Visualization.

Dudzic, S, and JA Godwin. 2010, "Visualization of Temporal Relationships within Coordinated Views."
In IEEE Symposium on Visual Analytics Science & Technology, pp. 219-20.

Duez, P, and KJ Vicente. 2005, "Ecological Interface Design and Computer Network Management: The
Effects of Network Size and Fault Frequency." International Journal of Human-Computer Studies
63(6):565-86.

This article describes an experiment investigating the impact of ecological interface design (EID) on
human performance in computer network management. This work domain is more dynamic than those
previously studied under EID because there is a constant potential for the addition and removal of
devices, as well as changing configurations, making it important to study the generalizability of the
framework. Two interfaces were created for the University of Toronto campus network consisting of
220 nodes: a P interface based on existing design practices which presented primarily physical
information and a P+F interface based on EID which presented both physical and functional information
identified by an abstraction hierarchy analysis. Participants used one of the two interfaces to detect and
diagnose faults or disturbances in the simulated network in real-time. Network size and fault frequency
were both manipulated as within-participants variables. The P+F interface led to faster detection times
overall, as well as improved fault detection rate and more accurate fault diagnosis under higher fault
loads. These results suggest that the EID framework may lead to more robust monitoring performance in
computer network management compared to existing interfaces.

Duke, DJ, KW Brodlie, and Da Duce. 2004, "Building an Ontology of Visualization." In /EEE
Visualization 2004, pp. 7Tp-Tp.

Recent activity within the UK National e-Science Programme has identified a need to establish an
ontology for visualization. Motivation for this includes defining web and grid services for visualization
(the ‘semantic grid”), supporting collaborative work, curation, and underpinning visualization research
and education. At a preliminary meeting, members of the UK visualization community identified a
skeleton for the ontology. We have started to build on this by identifying how existing work might be
related and utilized. We believe that the greatest challenge is reaching a consensus within the
visualization community itself. This poster is intended as one step in this process, setting out the
perceived needs for the ontology, and sketching initial directions. It is hoped that this will lead to debate,
feedback and involvement across the community.

Duke, DJ, K W, and I Herman. 2005, "Do You See What [ Mean ?" I[EEE Computer Graphics and
Applications 25(3):6-9.

Visualizers have to think about how people extract meaning from pictures (psychophysics), what

people understand from a picture (cognition), how pictures are imbued with meaning (semiotics), and
how in some cases that meaning arises within a social and/or cultural context.
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Duke, J, A Faiola, and H Kharrazi. 2009, "A Novel Visualization Tool for Evaluating Medication Side-
Effects in Multi-Drug Regimens." In 13th International Conference on Human-Computer Interaction,
pp. 478-87.

The evaluation and management of medication side-effects is a common and complex task for
physicians. Information visualization has the potential to increase the efficiency and reduce the cognitive
load involved in this process. We describe the design and development of Rxplore, a novel tool for
assessing medication side-effects. Rxplore supports simultaneous lookup of multiple medications and an
intuitive visual representation of query results. In a pilot study of Rxplore's usability and utility,
physicians rated the system highly for efficiency, intuitiveness, and clinical value.

Duke, JD, X Li, and SJ Grannis. 2010, "Data Visualization Speeds Review of Potential Adverse Drug
Events in Patients on Multiple Medications." Journal of Biomedical Informatics 43(2):326-31.

Patients on multiple medications are at increased risk for adverse drug events. While physicians can
reduce this risk by regularly reviewing the side-effect profiles of their patients' medications, this process
can be time-consuming. We created a decision support system designed to expedite reviewing potential
adverse reactions through information visualization. The system includes a database containing
16,340 unique drug and side-effect pairs, representing 250 common medications. A numeric score is
assigned to each pair reflecting the strength of association between drug and effect. Based on these scores,
the system generates graphical adverse reaction maps for any user-selected combination of drugs. A study
comparing speed and accuracy of retrieving side-effect data using this tool versus UpToDate®
demonstrated a 60% reduction in time to complete a query (61 s vs. 155 s, p <0.0001) with no decrease
in accuracy. These findings suggest that information visualization can significantly expedite review of
potential adverse drug events.

Dumontier, M, L Ferres, and N Villanueva-Rosales. 2010, "Modeling and Querying Graphical
Representations of Statistical Data." Web Semantics: Science, Services and Agents on the World Wide
Web 8(2-3):241-54.

Although pictorial renditions of statistical data are ubiquitous, few techniques and standards exist to
exchange, search and query these graphical representations. We present several improvements to human-
graph interaction including (i) a new approach to manage statistical graph knowledge by semantic
annotation of graphs that bridges the gap between Web 2.0 social tagging and formal, logic-based
approaches, (ii) knowledge management and discovery across a non-trivial graph knowledge base and
(ii1) sophisticated question answering that requires background knowledge.

A117



Dumoulin, J, et al. 2010, "Poster : Multimedia Information Browsing and Visualization." In /[EEE
Conference on Information Visualization.

Dunbar, K. 1996, "How Scientists Really Reason : Scientific Reasoning in Real -World Laboratories." in
Mechanisms of Insight, eds. RJ Sternberg and JE Davidson, pp. 365-95. MIT Press.

Dunsmore, A, M Roper, and M Wood. 2000, "The Role of Comprehension in Software Inspection."
Journal of Systems and Software 52(2-3):121-29.

In spite of code inspections having been demonstrated as an effective defect detection process, little
work has been done to determine how this process best supports the object-oriented paradigm. In contrast,
this paradigm (or at least its questionable manifestation in C++) is well supported by tools that purport to
aid comprehension. These tools typically take the form of visualisation tools designed to assist in the
maintenance process, and it is natural to consider that these tools (or adaptations thereof) might also
support inspection. However, since these tools claim to aid comprehension, it is important to consider the
role of comprehension in inspection. Or put simply, does comprehension matter, or are there simple
techniques in existence which are similarly effective in detecting defects? This paper presents the issues
associated with inspections (and the complications presented by the object-oriented paradigm) and
comprehension, and presents the results of two experiments which considered the relationship between
comprehension and inspection. The results indicate a relationship, but further work is needed to determine
the precise nature of this relationship and how inspections might best be supported in the future.

Dunsmuir, D, et al. 2010, "Czsaw , Imas & Tableau : Collaboration among Teams." In /EEE Symposium
on Visual Analytics Science & Technology, pp. 267-68.

Durbha, SS, et al. 2009, "A Framework for Semantic Reconciliation of Disparate Earth Observation
Thematic Data." Computers & Geosciences 35(4):761-73.

There is a growing demand for digital databases of topographic and thematic information for a
multitude of applications in environmental management, and also in data integration and efficient
updating of other spatially oriented data. These thematic data sets are highly heterogeneous in syntax,
structure and semantics as they are produced and provided by a variety of agencies having different
definitions, standards and applications of the data. In this paper, we focus on the semantic heterogeneity
in thematic information sources, as it has been widely recognized that the semantic conflicts are
responsible for the most serious data heterogeneity problems hindering the efficient interoperability
between heterogeneous information sources. In particular, we focus on the semantic heterogeneities
present in the land cover classification schemes corresponding to the global land cover characterization
data. We propose a framework (semantics enabled thematic data Integration (SETI)) that describes in
depth the methodology involved in the reconciliation of such semantic conflicts by adopting the emerging
semantic web technologies. Ontologies were developed for the classification schemes and a shared-
ontology approach for integrating the application level ontologies as described. We employ description
logics (DL)-based reasoning on the terminological knowledge base developed for the land cover
characterization which enables querying and retrieval that goes beyond keyword-based searches.
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Durso, FT, BR Johnson, and JM Crutchfield. 2010, "Dimensions of Air Traffic Control Tower
Information Needs: From Information Requests to Display Design." Journal of Experimental Psychology:
Applied 16(3):219-37.

In an effort to determine the information needs of tower air traffic controllers, instructors from the
Federal Aviation Administration's Academy in Oklahoma City were asked to control traffic in a high-
fidelity tower cab simulator. Information requests were made apparent by eliminating access to standard
tower information sources. Instead, controllers were required to ask for precisely the information they
needed during the scenarios. The information requests were classified using an elaboration of Zwaan and
Radvansky's (1998) dimensions of situation models. The vast majority of requests were about three of the
dimensions originally developed for reading comprehension: the protagonist, intentionality, and space.
The information requests were also classified into 28 operational categories (e.g., aircraft identification,
destination). From these results, the data were summarized, not just statistically, but by the creation of
display-hypotheses. The display-hypotheses were organized according to the situation-model dimensions.
Controllers preferred data blocks organized by the situation-model principle over those that violated this
organization. The summary display-hypotheses were quite simple and accounted for the vast majority of
the information requests controllers made. The display-hypotheses accounted for the information needs of
controllers during routine as well as off-nominal events.

Dykes, J. 2000, "An Approach to Virtual Environments for Visualization Using Linked Geo-Referenced
Panoramic Imagery." Computers, Environment and Urban Systems 24(2):127-52.

The relentless pace at which technological advances are being made is resulting in a whole series of
new digital media, data and data collection devices. The ways in which digital spatial information can be
represented are changing and so are the types of use to which digital map products are put. Maps are
increasingly used in the analytical stages of the research process for visualization. Cartographers are
currently undertaking research into visualization with foci on: the potential for extending the forms of
representation and the types of phenomena that are represented; providing mechanisms for interaction
with these representations; managing the volumes of data involved; and developing a more complete
understanding of their use. Here 360-degree panoramic imagery is used as a means of representing
geographic information in a visualization context. Techniques are outlined for linking a number of
panoramic images to a geographic base. These methods have been used to create navigable virtual
environments in which qualitative and quantitative spatial information is embedded and analytical tools
are provided. Such an environment has utility in a number of scenarios and applications. A software
implementation that has been designed specifically for use in supporting student fieldwork is introduced
and practical experience of using the software provided. It is extremely flexible, taking advantage of
Internet protocols to communicate with remote databases that can be searched for spatial information and
providing a virtual environment for visualization that acts as a geo-graphic user interface to multimedia
information.

Dykes, J. 2005, "Chapter 13 - Facilitating Interaction for Geovisualization." in Exploring
Geovisualization, eds. D Jason, MM Alan and K Menno-Jan, pp. 265-91. Elsevier, Oxford.

Summary Drawing upon the experience gained from developing geovisualization applications
software, a cartographer's perspective is offered on using and creating instruments that support the
process of visualization. In line with a belief that high levels of interaction are increasingly dominant as
the defining requirement of geovisualization tools, a number of methods of achieving and supporting this
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are explored. Three highly interactive applications are introduced that demonstrate opportunities afforded
by technological advances, propose particular designs and permit geovisualization. Parallels are drawn
between interactivityand flexibilityand a range of methods of increasing the levels and flexibility of
interaction between scientist and data are discussed, beyond the options available in standard applications
software. Efficient combination of these various ways of instructing computers is identified as a key
objective to overcoming impediments to the process of geovisualization, and the concept of the
"visualization effort" required to chase ideas and support the thought process is emphasized. A number of
means of increasing efficiencies, sharing software components and reusing resources to facilitate
interaction are discussed. Scripting is identified as an approach that offers much to fields where
application design involves combining existing software functionality in new and unpredictable ways in
an iterative process of continual change. Geovisualization is one such application area and flexible high-
level environments for instructing computers that offer rapid results, efficiencies and flexibility by
drawing upon existing functionality and the opportunity to augment this through integration with lower
level languages possess considerable scope for use as instruments for ideation.

Dykes, J, and DF Keefe. 2010, "Perspectives on Teaching Data Visualization." In IEEE Conference on
Information Visualization.

Dykes, J, AM MacEachren, and M-J Kraak. 2005, "Chapter 36 - Advancing Geovisualization." in
Exploring Geovisualization, eds. D Jason, MM Alan and K Menno-Jan, pp. 691-703. Elsevier, Oxford.

Summary This short concluding chapter identifies a number of themes, issues and tensions that
permeate through the contributions presented in this collected volume. These include: a focus on the use
of geovisualization tools to support a wide range of users in tasks involving the acquisition, processing,
and sharing of information; the need to support collaborative work in geovisualization; the various
relationships between Information Visualization and geovisualization and ways in which synergies can be
developed; the many issues surrounding the advantages and disadvantages of using 2D and 3D
representations; the increasing demand for supporting geovisualization through mobile devices and the
specific differences and constraints associated with static and mobile tools; the various drivers for
developing geovisualization applications and the relationships between them. An argument for grounding
efforts to support geovisualization in a deep understanding of the broader scientific process is drawn
upon. It is suggested that doing so enables us to link the issues of instrument design, graphical
representation, connecting distributed resources and the effective use of technological developments that
structure the contributions to this book. Such a perspective provides a framework upon which the work
reported here, emanating from a series of related disciplines, can draw. Doing so can help us develop the
functionality and tools required to deploy and operationalize geovisualization through effective usable
solutions that better employ the knowledge and visual functionality we have separately developed. The
concept of "distributed cognition" is drawn from cognitive science as a means of informing such efforts to
develop "the map" as a tool for presenting, using, interpreting and understanding information about
geographic phenomena.
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Dykes, J, AM MacEachren, and M-J Kraak. 2005, "Introduction - Exploring Geovisualization." in
Exploring Geovisualization, eds. D Jason, MM Alan and K Menno-Jan, pp. 1-19. Elsevier, Oxford.

Dykes, J, J Wood, and A Slingsby. 2010, "Rethinking Map Legends with Visualization." Visualization
and Computer Graphics, IEEE Transactions on 16(6):890-99.

This design paper presents new guidance for creating map legends in a dynamic environment. Our
contribution is a set ofguidelines for legend design in a visualization context and a series of illustrative
themes through which they may be expressed. Theseare demonstrated in an applications context through
interactive software prototypes. The guidelines are derived from cartographicliterature and in liaison with
EDINA who provide digital mapping services for UK tertiary education. They enhance approaches
tolegend design that have evolved for static media with visualization by considering: selection, layout,
symbols, position, dynamismand design and process. Broad visualization legend themes include: The
Ground Truth Legend, The Legend as Statistical Graphicand The Map is the Legend. Together, these
concepts enable us to augment legends with dynamic properties that address specificneeds, rethink their
nature and role and contribute to a wider re-evaluation of maps as artifacts of usage rather than statements
offact. EDINA has acquired funding to enhance their clients with visualization legends that use these
concepts as a consequence ofthis work. The guidance applies to the design of a wide range of legends and
keys used in cartography and information visualization.

E., M Bertolotto, and DC Wilson. 2008, "Understanding Geospatial Interests by Visualizing Map
Interaction Behavior." Information Visualization 7(3-4):275-86.

Much information can be derived about users' geospatial information requirements based on how they
interact with a geospatial system. Our research focuses on the analysis of mouse movements and map
navigation operations as a proxy to implicitly determine users' interests. Visualization provides an
effective way of investigating how these interactions can provide an insight into users' preferences and
task at hand. This article describes GIViz (Geospatial Interactions Visualizer), a visualization tool that
enables system designers to analyze user interface behavior with a geospatial data set. Behavior traits
identified can be exploited to improve map personalization engines. In particular, this article discusses the
visualization of user interface behavior to gain a better understanding of the correlation between users'
actions, the interaction strategy employed for approaching a particular type of task and users' interests.
Information Visualization (2008) 7, 275-286. doi: 10.1057/ivs.2008.24

Easter, JR, and WC Elm. 1988, "Human Engineering in the Design of Expert Systems for
Microcomputers System Troubleshooting." In 4th Conference on Human Factors and Power Plants,
pp- 359-59.

Summary form only given. The development of a computer-based expert system to be used as a
trouble-shooting aid for microcomputer systems is described. A knowledge structure for an expert system
that describes the purposes or design objectives of the faulted microcomputer system has been created.
The knowledge structure, along with appropriate design data about the faulted system has been
computerized in a rapid prototyping Al (artificial intelligence) environment which permits potential
customers to see the development results as they evolve and to inject their comments and ideas. The
internal problem solving by the expert system can be initiated by the user at any point in the knowledge
structure depending on the viewpoint of the user. The expert system is assumed to completely “touch' the
faulted system and is intended to initiate tests that will exercise both the hardware and the software of the

A.121



faulted system. This approach is being tailored to microprocessor-based process control systems installed
in process plants

Eastman, MC, DD Woods, and WC Elm. 1986, "Specifying and Communicating Data Structure in
Computer-Based Graphic Displays." In Human Factors and Ergonomics Society Annual Meeting,
pp. 1034-37.

Presents a set of techniques that were developed to respond to an important need in the design of
computer-based graphic displays: how to specify requirements for communicating data structure to the
user. These techniques were developed in the context of designing a display system to aid nuclear power
plant operators in supervising the automatic controller of a feedwater system

Ebert, A, et al. 2010, "Tiled Plus Plus : An Enhanced Tiled Hi-Res Display Wall." IEEE Transactions on
Visualization and Computer Graphics 16(1):120-32.

In recent years, high-resolutiondisplays have become increasingly important to decision makers and
scientists because large screens combined with a high pixel count facilitate content rich, simultaneous
display of computer-generated imagery and high-definition video data from multiple sources. Tiled
displays are attractive due to their extended screen real estate, scalability, and low cost. LCD panels are
usually preferred over projectors because of their superior resolution. One of the drawbacks of LCD-
based tiled displays is the fact that users sometimes get distracted by the screens' bezels, which cause
discontinuities in rendered images, animations, or videos. Most conventional solutions either ignore the
bezels and display all pixels, causing objects to become distorted, or eliminate the pixels that would
normally fall under the bezels, causing pixels to be missing in the display of static images. In animations,
the missing pixels will eventually reappear when the object moves, providing an experience that is similar
to looking through a French window. In this paper, we present a new scalable approach that leads neither
to discontinuities nor to significant loss of information. By projecting onto the bezels, we demonstrate
that a combination of LCD-based tiled displays and projection significantly reduces the bezel problem.
Our technique eliminates ambiguities that commonly occur on tiled displays in the fields of information
visualization, visual data analysis, human-computer interaction, and scientific data display. It improves
the usability of multimonitor systems by virtually eliminating the bezels. We describe a setup and provide
results from an evaluation experiment conducted on a 3 x 3 and on a 10 x 5 tiled display wall.

---. 2010, "Tiled++: An Enhanced Tiled Hi-Res Display Wall." Visualization and Computer Graphics,
IEEE Transactions on 16(1):120-32.

In recent years, high-resolution displays have become increasingly important to decision makers and
scientists because large screens combined with a high pixel count facilitate content rich, simultaneous
display of computer-generated imagery and high-definition video data from multiple sources. Tiled
displays are attractive due to their extended screen real estate, scalability, and low cost. LCD panels are
usually preferred over projectors because of their superior resolution. One of the drawbacks of LCD-
based tiled displays is the fact that users sometimes get distracted by the screens' bezels, which cause
discontinuities in rendered images, animations, or videos. Most conventional solutions either ignore the
bezels and display all pixels, causing objects to become distorted, or eliminate the pixels that would
normally fall under the bezels, causing pixels to be missing in the display of static images. In animations,
the missing pixels will eventually reappear when the object moves, providing an experience that is similar
to looking through a French window. In this paper, we present a new scalable approach that leads neither
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to discontinuities nor to significant loss of information. By projecting onto the bezels, we demonstrate
that a combination of LCD-based tiled displays and projection significantly reduces the bezel problem.
Our technique eliminates ambiguities that commonly occur on tiled displays in the fields of information
visualization, visual data analysis, human-computer interaction, and scientific data display. It improves
the usability of multimonitor systems by virtually eliminating the bezels. We describe a setup and provide
results from an evaluation experiment conducted on a 3 times 3 and on a 10 times 5 tiled display wall.

Ebert, DS. 2005, "Chapter 39 - Extending Visualization to Perceptualization: The Importance of
Perception in Effective Communication of Information." in Visualization Handbook, eds. DH Charles and
RJ Chris, pp. 771-80. Butterworth-Heinemann, Burlington.

Summary The essence of any human-computer interface is to convey information. Visualization has
been a good information communication tool for more than two decades. While many visualization
systems provide users with a better understanding of their data, they are often difficult to use and are not a
reliable, accurate tool for conveying information, which limits their acceptance and use. As scientists,
medical researchers, and information analysts face drastic growth in the size of their datasets, the
efficient, accurate, and reproducible communication of information becomes essential. These problems
become even worse when the datasets under investigation are multivariate and/or vector datasets.

Ebert, DS, et al. 2006, "Resource- and Task-Driven Visualization Adaptation." In CHI'06 Workshop:
Information Visualization and Interaction Techniques for Collaboration across Multiple Displays.

We believe that for the most effective information communication to the user, the content and visual
representation of the content needs to be adapted based on the task the user is performing and the resource
capabilities of their display, including battery life, memory, display resolution, and communication
bandwidth. By adapting the content that is presented and the visual representation (rendering) of the
content, the user can more effectively complete tasks and make decisions.

Eberts, RE. 1988, "Development of Mental Models by Display Augmentation." /EEE Transactions on
Systems, Man, and Cybernetics 18(4):506-13.

Eccles, R, et al. 2008, "Stories in Geotime." Information Visualization 7(1):3-17.

Astory is a powerful abstraction used by intelligence analysts to conceptualize threats and understand
patterns as part of the analytical process. This paper demonstrates a system that detects geo-temporal
patterns and integrates story narration to increase analytic sense-making cohesion in GeoTime. The
GeoTime geo-temporal event visualization tool was augmented with a story system that uses narratives,
hypertext-linked visualizations, visual annotations, and pattern detection to create an environment for
analytic exploration and communication, thereby assisting the analyst in identifying, extracting,
arranging, and presenting stories within the data. The story system lets analysts operate at the story level
with higher level abstractions of data, such as behaviors and events, while staying connected to the
evidence. The story system was developed in collaboration with analysts. A formal evaluation was
completed that showed high utility and usability. Information Visualization (2008) 7, 3-17. doi:
10.1057/palgrave.ivs.9500173
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Eckert, CM, et al. 2006, "Supporting Change Processes in Design: Complexity, Prediction and
Reliability." Reliability Engineering & System Safety 91(12):1521-34,

Change to existing products is fundamental to design processes. New products are often designed
through change or modification to existing products. Specific parts or subsystems are changed to similar
ones whilst others are directly reused. Design by modification applies particularly to safety critical
products where the reuse of existing working parts and subsystems can reduce cost and risk. However
change is rarely a matter of just reusing or modifying parts. Changing one part can propagate through the
entire design leading to costly rework or jeopardising the integrity of the whole product. This paper
characterises product change based on studies in the aerospace and automotive industry and introduces
tools to aid designers in understanding the potential effects of change. Two ways of supporting designers
are described: probabilistic prediction of the effects of change and visualisation of change propagation
through product connectivities. Change propagation has uncertainties which are amplified by the choices
designers make in practice as they implement change. Change prediction and visualisation is discussed
with reference to complexity in three areas of product development: the structural backcloth of
connectivities in the existing product (and its processes), the descriptions of the product used in design
and the actions taken to carry out changes.

Edmonds, E, et al. 2003, "Macaroni Synthesis: A Creative Multimedia Collaboration." In 7™ International
Conference on Information Visualization, pp. 646-51.

We describe a collaborative project between an HCI team and an internationally known Japanese
artist, based in New York, who was artist-in-residence with the group in the UK. The collaboration
resulted in a new performance art work and a new interactive instrument. The research included a full
study of the process of collaboration and innovation. We describe the work that was created, the
interactive instrument developed and illustrates its use in a performance.

Edsall, R. 2009, "Map Interactivity." in International Encyclopedia of Human Geography, eds. K Rob
and T Nigel, pp. 323-28. Elsevier, Oxford.

Map interaction represents an important development in the functionality and power of geographic
representations. The addition of interactivity has the potential to circumvent many of the frustrating
limitations of cartography, primarily the necessarily limited perspective of the cartographer. Static maps
are the result of a long series of subjective choices of the cartographer, but with the addition of
interactivity, many o