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ABSTRACT 

Visually-enabled analysis of geographic information with interactive geovisualization 

tools is increasingly common in domains like disease surveillance, crisis management, 

and intelligence analysis. As geovisualization tools evolve to support more sophisticated 

analytical capabilities, the results that emerge from these systems are becoming more 

abundant and intricate. Current tools provide basic mechanisms for collecting, 

organizing, and making sense out of multiple results, but little basic research has been 

done to characterize this task ï the synthesis of geovisual information. 

 

This study explores the topic of synthesis in the context of infectious disease 

surveillance. Expert analysts from the Pacific Northwest National Laboratory (PNNL) and 

experts from the Penn State Center for Infectious Disease Dynamics (CIDD), and the 

Geographic Visualization Science, Technology, and Applications Center (GeoVISTA) 

were recruited to take part in interviews and experiments to characterize geovisual 

synthesis. These participants are likely to use, or are already using geovisualization 

tools to develop analytical results ï therefore they stand to benefit from new synthesis 

support tools.  

 

This research employs a mixed qualitative method study to characterize and design for 

geovisual synthesis. Interviews were conducted with analysts at PNNL to characterize 

how synthesis is conducted currently and to elicit opinions about how synthesis should 

be supported in the future. Individual and collaborative synthesis experiments were 

conducted with participants from PNNL, CIDD, and GeoVISTA to observe synthesis in a 

simulated real-world scenario. Analysis of experimental and interview data provides 

insight into the process of geovisual synthesis. Results show that synthesis involves the 

application of a wide range of organizational metaphors, and that it requires flexible tools 

that support creative approaches. These results are distilled into a set of empirically-

derived design guidelines for new synthesis support tools. 
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Chapter 1 ï Introduction 

The process of analysis with geovisualization tools is frequently described as a steady 

transition from exploration, to analysis, through synthesis of results, and ending in 

presentation (DiBiase 1990). The research reported here focuses on the topic of 

synthesis. While a great deal of effort has gone into developing tools and design 

methods for facilitating exploration, analysis, and presentation, relatively little is known 

about what characterizes the act of synthesis or how to design synthesis support tools.  

 

As the study of visual analytics matures and productive tools emerge for analysts, the 

results they generate will become more prolific and detailed. In his model of visualization 

in support of the process of science, DiBiase (1990) proposed that: ñSynthesiséentails 

summarizing and generalizing the results of exploratory and confirmatory analyses, and 

articulating a new, integrated conception of how the components of the research 

problem interrelate. It is a bridge from the private to the public realms.ò In this study, the 

focus is on supporting a wider range of information analysts. In that context, synthesis is 

conceived of as a process that includes the actions of organizing, annotating, and 

assigning meaning to collected results.  

 

Geovisual analytic tools in development promise to make it possible for users to tackle 

complex tasks across heterogeneous types of spatial data. Photos, news articles, and 

video clips will be interactively linked to tabular geospatial databases (Andrienko et al. 

2007; Thomas and Cook 2005). As geovisual results become increasingly intricate, there 

is a need for research to examine how domain experts collect, organize, and assign 

meaning to their results, as a basis for the conceptualization and development of 

synthesis-support tools. The research reported here focuses on infectious disease 

surveillance and bioterrorism intelligence, domains that require the synthesis of many 

types of geographic information.  
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1.1 Problem Area 

This research focuses on synthesis characterization and synthesis tool design for public 

health analysts monitoring biological and chemical threats at government agencies, non-

governmental organizations (NGOs), and private consulting firms. Users at each type of 

organization currently apply GIS and geovisualization tools to monitor the spread of 

infectious diseases.  

 

The real-world problem that this research responds to is illustrated through the following 

scenario depicting a prototypical situation in which geovisual result synthesis tools are 

needed:  

 

Samantha, a communicable disease epidemiologist at an international health 

organization, uses a geovisualization toolkit to explore the geographic and temporal 

dimensions of the mortality associated with avian influenza in Southeast Asia. The toolkit 

she uses offers a choropleth map, a scatter plot, a time-oriented graph, and a parallel 

coordinate plot all showing a common set of  disease outcomes (mortality and incidence 

rates) and indicators (socioeconomic measures, access to screening, etcé) that are 

regularly updated and linked to statistical models of avian influenza. Every week she 

receives new datasets and she must make regular reports to her supervisor about what 

she has found with each new dataset. The current state of the art in geovisualization 

tools allows her to save screen captures during data exploration, and to save data 

loading configurations as projects for later use. To build her report, Samantha must rely 

on generic office productivity software to organize the screen captures together with her 

notes, relevant email messages from other expert colleagues, relevant RSS newsfeeds 

from PubMed detailing the latest research, and relevant RSS feeds of other news 

articles that may indicate how the data she is exploring reflects life on the ground in her 

study area.   

 

Now, Samantha has been asked to recall several of her recent analyses to help create a 

report on a new flu outbreak in Taiwan. Additionally, Samantha is now required to use a 

new version of the geovisualization toolkit that has been extended to support additional 

data resources ï notes, news articles, photographs, and audio/video clips.  
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This additional complexity makes it more difficult for Samantha to synthesize information 

in a separate software environment.  Samantha needs new tools to help her marshal the 

information at hand within the geovisualization toolkit itself. Allowing synthesis to take 

place inside the analytical software provides the opportunity to preserve interactive 

connections to real data and particular states of the geovisualization. This would make 

the task Samantha is facing (to recall prior work and develop a summary) far more 

efficient ï an important goal considering the time-critical task she is trying to accomplish.  

 

Understanding synthesis and designing for it is a near-term priority because there are 

many geographic and information visualization tool development efforts underway that 

are focused on enabling exploration and analysis through space and time using 

traditional table-based digital databases that coordinate in interesting ways with diverse 

data types like notes, photos, and articles (Andrienko et al. 2007; Thomas and Cook 

2005). The problem-solving goals of these projects are ambitious, and the problem 

domains they support are of high-importance (disease epidemiology, crisis 

management, threat assessment, etc.). Analysts need to explore and analyze massive 

databases rapidly, all the while capturing and synthesizing their results in ways that will 

be easy to return to at a later time, in a format that supports collaboration with others. It 

is essential for analysts to be able to explain precisely how they arrived at a conclusion, 

and to re-use portions of prior work when similar situations arise and there is a need for 

comparative analyses. 

 

It is also important to understand synthesis more fully as an analytical process in order 

to shape the direction of new synthesis tools that are currently in development. 

Examples of tools that are being used to collect, organize, and add meaning to analysis 

artifacts currently include Oculus Info nSpace (Wright et al. 2005, 2006), i2 Analystôs 

Notebook (i2 2007), and GeoVISTA ConceptVISTA (Gahegan et al. 2007). These tools 

and others like them stand to benefit from research that empirically explores the process 

of synthesis and distills knowledge gained from that exploration into design guidelines 

for future synthesis support tools. 
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1.2 Defining Synthesis 

This research focuses on synthesis in the context of geovisualization. Geovisualization 

tools are designed to support highly-interactive visual exploration and analysis of 

geospatial data. Geovisualizations are Geographic Information Systems (GIS) that are 

focused on user-driven, interactive visual exploration and analysis of spatio-temporal 

data. GIS provides critically important tools for developing spatial datasets and 

analyzing/modeling spatial processes, and geovisualizations often integrate multiple 

data sources that were developed in GIS analytical tools into interactive, exploratory 

environments. Geovisualization tools enable analysts to look at geospatial data from 

multiple perspectives and explore complex data relationships that may exist over a wide 

array of spatial and temporal scales. Current areas of research on geovisualization 

include integrating cartographic approaches with representation and analysis methods 

from scientific and information visualization, supporting exploratory data analysis, user-

centered design of custom toolkits, and developing collaborative environments (Kraak 

and MacEachren 2005; Dykes, MacEachren, and Kraak 2005).  

 

The theory driving geovisualization development connects geovisualization tools to a 

research process proposed by DiBiase (1990), and elaborated upon later by 

MacEachren (1994; 1995). DiBiase describes a research process that begins in the 

private realm of the individual analyst exploring data, developing hypotheses, and 

iteratively carrying out analysis tasks to assess and refine the hypotheses, to the public 

realm of synthesizing results and evidence to support the results and presenting those 

results along with supporting arguments (Figure 1). In DiBiaseôs model synthesis is 

presented as a fusion of information and a, ñégeneralization of findings.ò In this process, 

the scientist switches from an initial focus on visual thinking to a focus on visual 

communication. Contemporary geovisualization tools provide strong support for 

analytical tasks that occupy the visual thinking realm ï the result of much emphasis in 

early geovisualization research on supporting that realm. In contrast, synthesis as the 

bridge between knowledge construction and its application has received limited attention 

so far. The research study presented here seeks to fill that gap by characterizing how 

synthesis should be supported.  
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Figure 1: The geovisualization research process as conceived by DiBiase, 1990. 

 

When viewed from the (cartography)3 framework of geographic visualization (Figure 2), 

(MacEachren 1995) this research is positioned to design strategies for composing and 

generalizing exploratory and analytical results, as the task shifts from knowledge 

construction over to information sharing. These strategies will support the formative 

stages of condensing what has been discovered using geographic visualization, as 

analysts change goals from revealing unknowns to presenting knowns (e.g., from 

uncovering unexpected patterns to interpreting and explaining those patterns). Support 

for synthesis will help analysts make scientific results relevant to and useful for policy 

and decision-making, and ensure that research results are made more accessible to 

outside collaborators, students, and experts in other domains.   
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Figure 2: The (cartography)
 3

 diagram depicting the basic functions of geovisualization proposed by 

MacEachren (1995, 2004).   

 

 

A commonly referenced theoretical framework in GIScience by Gahegan and Brodaric 

(2002) describes synthesis in somewhat different manner than our proposed focus. In 

their framework of geoscientific discovery, synthesis involves creating taxonomies from 

data ï often in the form of classification schemes. As an example of synthesis, Gahegan 

and Brodaric describe how analysts could visually explore and identify suitable 

classification schemes with landcover data ï making synthesis an activity that occurs 

quite early in the scientific process.  

 

In generic terms, the Oxford English Dictionary assigns a variety of meanings to 

synthesis (Simpson and Weiner 1989). Synthesis refers to the transition from causes to 

effects when used in logic. In chemistry and physics, synthesis is creation of a 

compound from individual constituents. Immanuel Kant described synthesis as the 

cognitive understanding acquired by combining perceptual inputs and prior experiences. 

The common popular definition of synthesis is the, ñéputting together of parts or 

elements to make up a complex whole.ò 
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Because the definition for synthesis varies in the literature, it is important to define how 

the term is used in this study. The focus here is on the results integration, generalization, 

and organization stage of the scientific process ï a (thus far) largely unexplored topic in 

geovisualization research. Therefore, this study uses the term ñsynthesisò in the sense 

articulated by DiBiase (1990) and MacEachren (1995; 2004). Synthesis is defined in this 

study as the stage of an analytic process in which analysts select, generalize, organize, 

and combine individual analytical results into coherent groups that are used to assign 

meaning and/or encapsulate complex ideas.  

1.3 Research Questions 

To characterize and design for synthesis of geovisual results, this research project 

focuses on answers to the following questions through a longitudinal mixed qualitative 

method study of analysts and experts on biological and chemical threats. 

 

1. How do analysts currently synthesize the results of geovisual exploration? 

 

2. What do analysts wish they could do to better synthesize the results of geovisual 

exploration? 

 

3. How do analysts synthesize results in a simulated real-world situation, and what 

does this tell us about how synthesis is conceptualized?  

 

4. What design guidelines for new synthesis tools emerge from analystsô current, 

projected, and demonstrated synthesizing behavior? 

 

Answers to these questions have come from work with analysts monitoring infectious 

disease and biological/chemical threats at Pacific Northwest National Labs (PNNL) and 

experts from the Center for Infectious Disease Dynamics (CIDD) and GeoVISTA Center 

at Penn State. This study combines evidence from knowledge elicitation activities 

(interviews and synthesis experiments) to define general synthesis strategies and to 

develop specific tool design guidelines that can be used to design synthesis tools for 

future geovisualization environments.  
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Exploration of these research questions has several wider implications for the study of 

Geography. First, it begins to fill the gap in understanding of synthesis as proposed in 

existing theory about the process of geovisual analysis. Specifically it addresses the 

broad challenge of characterizing the schema that people use when working with 

geovisual information (MacEachren and Kraak 2001). It also addresses a more recent 

and more specific challenge to develop new methods for supporting knowledge capture 

and manipulation in geovisual spatial decision support systems (Andrienko et al. 2007) 

where we expect users will need to assemble and share the ñbig pictureò based on 

collections of discovered results.  Second, the design guidelines developed in this work 

are based on an experimental approach that focuses on a realistic geographic problem, 

using data that contain various types of spatial references and a scenario that requires 

participants to develop an understanding of these spatial references in order to develop 

hypotheses. Finally, the experimental approach presented here provides an empirical 

method for future work to understand how synthesis is influenced by spatial information 

and spatial thinking.  

1.4 Dissertation Structure 

This dissertation is presented in eight chapters. Chapter one introduces research 

questions related to synthesis in geovisualization. Chapter two provides background 

information on relevant topic areas. Chapter three outlines the research methodology 

used to complete this study. Chapter four presents results from structured interviews of 

analysts at PNNL to characterize the current state of synthesis support tools. Chapter 

five presents results from a simulated synthesis activity with individual analysts at PNNL 

and PSU. Chapter six presents results from a simulated collaborative synthesis activity 

with analysts at PSU. Chapter seven provides a set of empirically-derived software 

design guidelines for the development of synthesis support tools. Chapter eight 

concludes the dissertation with reflections on the significance, limitations, and future 

work suggested by the results of this study.  
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Chapter 2 ï Background 

This study is intended to characterize and design for synthesis as a component of the 

geovisual analysis process where analysts construct knowledge from heterogeneous 

information. This chapter discusses relevant prior work that has influenced the research 

questions and methodology applied to this problem. It begins with a review of 

geovisualization and the new field of geovisual analytics, as they both relate to the need 

for synthesis research. Next, prior work to design and evaluate geovisualization tools is 

examined to position this study among an array of methodological approaches from HCI, 

cartography, and geovisualization. This is followed by a literature review about deriving 

hypotheses from visualization ï an important aspect of the experimental methodology 

used in this study. Finally, current advances in software synthesis support tools are 

reviewed to show possible beneficiaries of the empirically-derived design guidelines 

developed in this study. 

2.1 Geovisualization and Geovisual Analytics 

Geovisualization tools have been developed to support exploratory and analytical tasks 

for application domains like epidemiology (Edsall 2003; Robinson 2007), crisis 

management (MacEachren and Cai 2006; Tomaszewski et al. 2007), and environmental 

analysis (Cliburn et al. 2002; Cova, Dennison, and Kim 2005; Harrower, MacEachren, 

and Griffin 2000).  Geovisualization tools typically emphasize user interaction and the 

ability to view spatio-temporal data from multiple, coordinated perspectives. 

Geovisualization environments like GeoVISTA Studio (cite) and GeoViz Toolkit (cite) 

allow application designers to develop custom toolkits tailored to different domain needs.  

These environments place emphasis on supporting exploratory tasks (MacEachren et al. 

2003) and coupling visual geographic representations with computational analysis 

methods (Guo et al. 2005).  

 

Motivation for this research comes in part from the need for integrative geovisualization 

applications that move beyond support for exploration and analysis and connect those 

actions to knowledge construction and representation.  A criticism of many current 

geovisualization tools is that they are too data-centric, providing few functions intended 

to help users develop concepts and higher-level understanding from the results of visual 
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exploration (Gahegan 2005).  Therefore it is important to design and implement new 

geovisualization tools that bridge this gap.  

 

Gahegan suggests that users are likely to move back and forth between exploration, 

analysis, synthesis, evaluation, and presentation tasks in a non-linear fashion. Because 

it is unreasonable to expect that all of these tasks will be fully supported in a single 

toolkit, geovisualization tools should instead be engineered to easily coordinate with one 

another through a common framework.  This would allow users to discover patterns in 

one tool, and pass this information into another tool that helps them organize and make 

sense of these discoveries without losing provenance. Much attention in recent 

geovisualization research focuses on visual analysis of data from diverse sources like 

text, video, imagery, numerical tables, and spatial information (Andrienko et al. 2007). In 

that scenario it will be even more important to preserve provenance information in a way 

that lets analysts browse representations of their knowledge and easily recall prior work. 

Such systems would allow users to preserve important metadata about their results, and 

this metadata could include the information necessary to recreate the exact scenario in 

which they were generated.   

 

While there is considerable interest in the challenge of developing tools to collect, 

organize, and add meaning to analytical results from exploratory geovisualization, little 

has been done to empirically explore the process of synthesis itself. However, prototype 

tools have been developed that connect exploratory methods to knowledge construction 

using concept graphs for synthesis support (Gahegan and Brodaric 2002; Tomaszewski 

et al. 2007). These tools allow users to develop node-link graphs that represent the 

knowledge they have gathered from their work with geovisualization tools. These graphs 

can then be compared among multiple users, or to formal domain ontologies. It remains 

to be seen if user evaluations of concept graph synthesis tools confirm their utility and/or 

usability. The research presented here empirically examines synthesis in order to 

suggest designs for synthesis support tools in geovisualization, which may include the 

use of concept graphs as well as other organizational metaphors. 

 

Recent research in geovisualization indicates a shift toward geovisual analytics 

(Andrienko et al. 2007) ï following the development of visual analytics work by a 
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community of visualization, cognition, HCI, and other experts concerned with various 

aspects of visually-driven analysis. Visual analytics is defined as the science of 

analytical reasoning facilitated by interactive visual interfaces (Thomas and Cook 2005). 

Visual analytics calls for a close integration of analytical methods with visualization tools, 

and focuses attention on handling massive datasets that may include information in a 

variety of formats and of varying quality. Geovisual analytics targets these goals from the 

perspective of geographic datasets and spatial analysis methods (Kraak 2007). This 

trend can be seen as a response to the earlier call by Gahegan (2005) to move  toward 

tools that support a broader set of science goals beyond simple visual exploration of 

spatial data.  

 

Examples of geovisual analytics applications include the exploration of historic hotel 

registry data from the 1900ôs by Weaver et al. (2007). Their study uses geographic and 

temporal data to reconstruct patterns of traveling salesman and entertainers around 

several hotels in New York and Pennsylvania. Another study by Andrienko et al. (2007) 

focuses on geovisual analytic exploration of synthetic data from route models designed 

for evacuation decision support. Their tools help users explore possible evacuation 

routes in advance of a real disaster, so that they can simulate roadblocks and other real-

world constraints and evaluate how those impact evacuation route choices. 

2.2 Design and Evaluation of Geographic and Information Visualization 

 
Design and evaluation studies are necessary to develop geovisualization tools that 

satisfy user needs and perform efficiently (Robinson et al. 2005; Slocum et al. 2003b). 

Design studies help decide the tasks that need to be supported in software, and can 

reveal interface metaphors that fit well with the target user domain. Evaluations of 

prototype tools and finished products can provide guidance for tool refinement and 

debugging.   

 

There are many recent examples of design and evaluation efforts to create and refine 

geovisualization tools. These efforts span a wide array of application domains, including 

epidemiology (Edsall 2003; Robinson et al. 2005; Koua, MacEachren, and Kraak 2006), 

decision support (Aggett and McColl 2006; Andrienko et al. 2002; Haklay and Tobon 
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2003), and crisis management (Schafer et al. 2005; MacEachren et al. 2005). In terms of 

methodology, these studies typically make use of iterative design techniques that 

incorporate multiple methods (Figure 3). They share a sharp focus on incorporating the 

evaluated needs of end-users as primary inputs to design. 

 

 

Figure 3: Iterative design process for geovisualization tools (Robinson et al. 2005). 

 

Many design methodologies employed in contemporary geovisualization research are 

rooted in traditions from usability engineering and human-computer interaction (HCI) 

studies - sub-disciplines of computer science. Jakob Nielsenôs Usability Engineering 

(Nielsen 1993) outlines the standard set of methods for refining and evaluating software 

interfaces. Nielsenôs work, which is focused on producing quantifiable improvements in 

utility and efficiency has provided the foundation for a vast array of software evaluation 

efforts. With respect to the evaluation of visualization tools, Shneiderman and Plaisant 

(2005) offer a thorough review of knowledge elicitation and usability techniques that can 

be used. Some early work to explore the design and evaluation of GISystems was 

presented by Medyckyj-Scott and Hearnshaw in their book Human Factors in 

Geographical Information Systems (1993).  

 

Usability engineering and HCI are not the only domains that have provided design and 

evaluation methodologies to geovisualization development efforts. Cognitive science 

approaches are also frequently used to evaluate how people work with tools. Ware 

(2004) outlines a comprehensive approach to visualization design that focuses on basic 

visual design principles founded upon evidence from cognitive (largely perceptual) 

studies. McNeese (2004) describes a work analysis and tool design approach built 

around cognitive systems engineering called the living laboratory framework. This 
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framework contrasts with Wareôs by focusing instead on studying the situated actions of 

users as they attempt to solve realistic problems.  

 

The cartographic literature also provides a broad set of methodologies for studying how 

people use maps (Furhmann and Pike 2005; Slocum et al. 2001), early work on that 

topic having begun decades ago with Arthur Robinsonôs The Look of Maps (Robinson 

1952). These studies can be broken down into three major categories: map-design 

research, map-psychology research, and map-education research (Montello 2002). Map-

design research is the most relevant to the research presented here, as it examines use 

and usability. Studies of map-design have often focused on individual visual elements 

and how they quantitatively influence map use (Gilmartin 1981; Montello 2002). In recent 

years, qualitative map-design studies have become common for projects focused on 

how maps are used in real world situations (Suchan and Brewer 2000). Qualitative 

methods are often used in combination to triangulate results ï a practice described by 

Buttenfield (1999). 

 

Evaluation efforts of geovisualization tools have often followed the quantifiable utility and 

efficiency goals outlined by Nielsen (1993). As the tasks envisioned for visualization 

tools have increased in complexity, so have tool evaluations. Recently, there has been a 

detectable shift away from one-off evaluations of task time and performance to larger 

efforts that are iterative and longitudinal in nature (Shneiderman and Plaisant 2006). 

Shneiderman and Plaisant propose a set of twelve guidelines for conducting multi-

dimensional, in-depth, long-term case studies (MILC) of information visualizations. 

These guidelines connect principles from ethnography to the context of design and 

evaluation for visualization software. In geovisualization research, there are recent 

design efforts that could be considered MILCs (Slocum et al. 2003a; Griffin 2003; 

Robinson 2007). The research reported here builds upon prior work to design and 

evaluate information visualization and geovisualization tools. Its methodology comprises 

a MILC designed to characterize synthesis in the context of disease surveillance.  

2.3 Hypotheses and Visualization 

A central assumption of this study is that visualization tools enable users to generate 

insights about their data ï the input that will feed into synthesis support tools. A primary 
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goal of visualization is to help users generate new hypotheses or refine those that 

already exist (Spence 2007). Identifying and characterizing instances in which 

visualization facilitates hypothesis development are challenging tasks. Griffin (2003) 

studied the insights generated by disease experts as they used a geovisualization tool to 

model the spread of Hantavirus. In Griffinôs study, participants were asked to verbally 

report and describe their hypotheses. This information was analyzed with session logs to 

identify the specific visualization tools that were relevant to each discovery. Saraiya et al. 

(2004) applied a somewhat different approach to examine insights generated by 

biologists working with five different gene-expression microarray visualization tools. In 

their study, Saraiya et al. coded think-aloud protocol data from user sessions to identify 

and characterize insights. Quantitative measures were used to compare the tools to one 

another in terms of how many insights they facilitated and how quickly they supported 

discovery.  

 

The mechanisms through which analysts develop hypotheses from information have 

been described in a number of different theoretical frameworks. The sensemaking 

process presented by Pirolli and Card (2005) is particularly relevant to the research 

reported here. Based on cognitive task analysis of intelligence analysts, their framework 

describes hypothesis development as the product of two complementary processes ï an 

information foraging loop, and a sensemaking loop. In information foraging, analysts 

search and filter relevant information from various data sources. Then, in the 

sensemaking loop, analysts take information gathered from foraging and schematize it in 

some way. This latter process is most relevant to the synthesis study described here. In 

Pirolli and Cardôs terms, the act of collecting, organizing, and adding meaning to multiple 

pieces of information is a bottom-up (from data to theory) process of schematizing.  

 
There is substantial room for improvement in visualization tools with respect to their 

support for developing hypotheses. Current systems provide limited support for 

connecting dissimilar data sources, exposing sources of uncertainty, and revealing 

causal relationships (Amar and Stasko 2005). Additionally, the discoveries that analysts 

make with visualizations are not usually captured or integrated with the data they are 

derived from (Thomas et al. 2001). Discoveries and the reasoning behind them are often 

only stored in the mind of the analyst. This makes it difficult to determine what aspects of 
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visualization afford the most potential for hypothesis development, and what 

improvements should be made to reduce barriers to hypothesis development. By 

connecting visualization tools with visual synthesis support tools, hypotheses can be 

stored and made explicit. This will enhance our ability to evaluate and improve 

visualization tools to support real-world analytical situations.   

2.4 Recent Advances in Synthesis Tools 

Researchers in the information visualization community have begun to tackle the 

problem of supporting synthesis with new visually-driven environments for collecting and 

adding meaning to analytical results. The study reported here is intended to augment 

this work with empirically-derived design guidelines. Current synthesis support tools 

include Analystôs Notebook (i2 2007), nSpace (Wright et al. 2006), GeoTime (Eccles et 

al. 2008), Scalable Reasoning Systems (Pike, May, and Turner 2007), EWall (Keel 

2007), and Jigsaw (Stasko et al. 2007). A common theme driving the development of 

such systems is that providing users with interactive, visual interfaces for constructing 

knowledge from analysis artifacts will help them develop compelling stories about their 

findings that can be presented to decision makers (Gershon and Page 2001).  

 

 

Figure 4: A sample screenshot from Analystôs Notebook. 

 

Analystôs Notebook (i2 2007), a tool developed by i2 Inc. is commonly used in 

intelligence analysis and law enforcement settings to organize and add meaning to 
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collections of information (Wright et al. 2005; Xu and Chen 2005). Analystôs Notebook 

allows users to assemble multimedia and construct layouts that describe complex 

scenarios. Its interface provides a large, blank canvas on which users can arrange 

individual pieces and assign text, photos, or graphics to represent information and the 

links that may exist between multiple fragments (Figure 4). 

 

Recent work by Oculus Info has resulted in the development of a tool called nSpace ï a 

ñsandbox for analysisò where analysts can assemble and organize information in both 

formal and ad-hoc structures (Wright et al. 2006). In nSpace, the post-it note is used as 

a flexible metaphor for developing and connecting analysis artifacts. The interface 

features a large blank canvas on which notes, graphics, and other information can be 

flexibly arranged (Figure 5). Information can include evidence taken directly from other 

tools, or it can be added in the form of questions or concepts recorded by the analyst ï 

allowing combinations of direct and derived evidence. 

 

 

Figure 5: Synthesis demonstrated using the nSpace Sandbox tool (Wright et al. 2005). 

 

Oculus has also recently developed a storytelling extension for GeoTime, their space-

time visualization environment (Eccles et al. 2008). With their tools, analysts can take 

snapshots of the visualization and associate these snapshots with text descriptions that 

contextualize their findings in a way that is understandable to decision makers. Links to 

the snapshots from the storyboard allow users to return to the visualization to explore 
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referenced patterns at any time (Figure 6), eliminating the typical separation of visual 

analytic environments and the tools used to add meaning to their results.  

 

 

Figure 6: Storytelling tools in GeoTime, showing how direct links to the visualization can be 

embedded in analytical narratives.  

 

Eccles et al. situate support for storytelling in GeoTime as part of a process to bridge the 

gap between patterns derived from data and presentable narratives (Figure 7). They 

describe current systems as good at performing the former task and weak at supporting 

the latter. It is possible to see similarities in this framework to earlier theoretical 

processes described by DiBiase (1990) and MacEachren (1994, 1995). In both cases 

specialized synthesis tools are called for to transition from analysis to presentation.  
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Figure 7: Model of the transition from data to storytelling proposed by Eccles, et al. (2008). 

 

The Information Interfaces Group at Georgia Tech has recently developed a text report 

visualization toolkit called Jigsaw (Stasko et al. 2007). This toolkit features multiple, 

coordinated views designed to explore entities derived from large collections of text 

reports. It also features coordination with Microsoftôs OneNote annotation software. 

Jigsaw users can write down observations and take snapshots of the Jigsaw interface 

and organize these inside OneNote while working with the visualization (Figure 8). It is 

unique among recent synthesis support tools in that it uses a tablet interface to facilitate 

synthesis, enabling users to develop personalized knowledge representations. 

 

 

Figure 8: The Jigsaw visualization toolkit features multiple coordinated views and a tablet interface 

for recording and adding meaning to discoveries. 

 


