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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. 
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The National Visualization and Analytics Center (NVAC) at Pacific Northwest National 

Laboratory (PNNL) has recently presented a synthesis tool called the Scalable 

Reasoning System (SRS). The SRS is a web-based environment for organizing bits of 

information represented as individual post-it notes on a flexible canvas (Figure 9). Users 

can conduct web searches and use web services to retrieve information, and then 

represent findings as notes or links between notes (Pike, May, and Turner 2007). 

Automated methods can be applied to information in SRS to develop simple 

visualizations for both text and numeric data ï opening the door for subject matter 

experts to integrate visualization into their work without requiring substantial training 

investments. Additionally, artifacts and links in SRS can be given confidence and quality 

ratings using interactive sliders. 

 

 

Figure 9: SRS lets users synthesize information in a web browser interface (Pike, May, and Turner 

2007). 

 

Researchers at the Massachusetts Institute of Technology have introduced a synthesis 

support environment called the Electronic Card Wall, or EWall for short (Keel 2006, 

2007). The EWall is designed to support collaborators working at a distance as they 

search for, retrieve, and share information artifacts with each other in a dynamic 

workspace. Information artifacts are represented in the form of cards that can be 

arranged on a blank workspace (Figure 10). EWall users can assemble information in 

personal workspaces and share pieces of their individual workspaces on a global, 

collaborative workspace. 
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Figure 10: The EWall workspace and a closeup view of a prototypical information card (Keel 2007). 

2.5 Discussion 

The preceding sections situate this study within current research trends in 

geovisualization and information visualization. Prior work has shown that visualization 

tools can generate insights, but that current systems are just beginning to tackle the 

problem of collecting, organizing, and adding meaning to those insights so that they can 

be passed forward into presentation formats that are useful for decision making. 

Developers of these systems will benefit from the characterization of synthesis and 

empirically-derived design guidelines that are the products of this dissertation ï 

important research that has been left undone until now. 

 

The next chapter describes the mixed qualitative method approach used to complete this 

study. It describes interview and experimental procedures that were developed to 

characterize synthesis and suggest design guidelines for future synthesis support tools. 
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Chapter 3 ï Research Methodology 

This chapter describes the methodological elements selected for this study of synthesis 

in geovisualization. Three primary research efforts were combined to develop answers 

for the research questions outlined in Chapter 1. First, interviews with disease 

surveillance and biological/chemical threat analysts at PNNL were conducted to elicit 

knowledge about the current state of synthesis, and to envision possible new synthesis 

support tools. Second, a synthesis experiment was completed where individual PNNL 

analysts synthesized information from artifacts in a prototypical analysis scenario. This 

experimental method was repeated with a group of expert biologists and geographers at 

PSU who completed the task in both individual and collaborative settings. Finally, the 

results from interview and experimental data were distilled in order to develop a set of 

design guidelines for future tool development.  

 

This chapter begins with a description of the general methodological approach used in 

this research. Next, it provides details about the analysts and experts who were recruited 

to take part in interviews and experiments. Then it explains the procedures used to 

conduct the interviews and experiments. The final section describes how the resulting 

data was analyzed to develop a design framework for synthesis support tools. 

3.1 General Methodology  

Exploring the process of synthesis in geovisualization poses two key methodological 

challenges. First, there are no prior examples of empirical work that characterize 

synthesis that could suggest appropriate experimental methods. Second, the theory that 

describes synthesis describes it as a transitional activity that takes place somewhere 

between exploration/analysis and final presentation ï providing a somewhat vague 

guideline for how to situate an experiment to explore synthesis. Because the process of 

synthesis is poorly understood a qualitative approach is an appropriate choice for 

revealing the character of synthesis.  

 

This research uses a mixed qualitative methodology (Creswell 1998) for characterizing 

synthesis activities and developing design guidelines for tools to support geovisual 

synthesis. Mixed qualitative method approaches combine multiple research methods 
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(e.g. interviews, experiments, and document analysis) in order to develop a 

comprehensive understanding of complex phenomena. They also allow results to be 

triangulated from multiple angles to judge their validity. Mixed qualitative investigations 

have been used in the past to design and evaluate geovisualization tools (Robinson et 

al. 2005; Slocum et al. 2003b; Andrienko et al. 2002) as well as information visualization 

tools (Seo and Shneiderman 2006; Saraiya, North, and Duca 2004).  

 

Design research like the work described here can be classified as one of two types ï

formative and summative. These two types of design research were first discussed in 

the HCI community (Hix and Harston 1993). Buttenfield (1999) later described these two 

types of evaluation in terms of an effort to design a geospatial digital library. According to 

Buttenfield, formative design involves the development of new design ideas through 

knowledge elicitation activities, usually with a small group of end-users. Summative 

evaluations are designed to compare specific tools against each other to assess how 

well they work, often with the goal of obtaining generalizable results. Mixed qualitative 

methodologies are particularly useful for formative design efforts (Shneiderman and 

Plaisant 2006). The research reported here is a formative design effort intended to 

characterize synthesis and develop our understanding of it into design guidelines for 

new synthesis tools. 

 

The experiment design used in this research was intended to simulate real-world 

analytical work. The goal was to observe realistic work, with realistic constraints, in an 

activity that encouraged participants to draw upon their previous experience. This was 

achieved by developing a prototypical analysis scenario and presenting participants with 

the scenario and set of information artifacts representative of the heterogeneous mix 

they would encounter in a real analytical situation. Scenarios as used in the design and 

evaluation of software tools are envisioned depictions of user needs and activities, 

usually embedded in a narrative (Carroll 1994, 1995). They are useful for design and 

evaluation to explore current and/or envisioned situations ï and they are usually implicit 

in design efforts that rely on other design/usability methods. Scenarios can be based on 

observing analysts at work and/or on critical incidents identified in debriefing sessions.  
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The scenario developed for this research focuses on disease surveillance epidemiology 

as the primary domain of interest.  Epidemiology can be defined generically as a medical 

science that seeks to characterize, explain, and control the incidence of disease in 

populations (Last 2001). Research in epidemiology generally falls into one of two main 

traditions; descriptive and analytic (Gordis 2000). Descriptive epidemiology seeks to 

characterize the spread of disease in a particular population. Analytic epidemiology 

seeks to test hypotheses about the causes of diseases in particular populations, usually 

by testing intervention strategies to evaluate their effectiveness. The domain of interest 

for this study is descriptive epidemiology, and more specifically disease surveillance, 

where epidemiologists and other analysts systematically monitor a variety of data 

sources to describe and track disease outbreaks. 

 

Secondary domains of interest for this study include biological/chemical threat 

surveillance analysts, disease biologists, and geographers. Users from these domains 

are likely to work in teams to monitor and mitigate disease outbreaks, making their 

perspective on synthesis relevant to the primary area of interest.  

3. 2 Participants 

A total of eighteen analysts and experts were recruited to take part in this research. 

Eight disease surveillance and biological/chemical threat analysts were recruited from 

Pacific Northwest National Laboratory to participate in interviews and individual 

synthesis experiments. These analysts were recruited with assistance from members of 

the National Visualization and Analytics Center (NVAC) at PNNL who were asked to 

identify disease and biological/chemical analysts who would be likely end-users of 

advanced geovisual analytic tools currently in development. Each analyst was provided 

with a stipend by NVAC to compensate for their time spent participating in the research. 

 

Five GIScience experts from the Penn State GeoVISTA Center and five infectious 

disease experts from the Penn State Center for Infectious Disease Dynamics were 

recruited to take part in individual and collaborative synthesis experiments. These 

experts are all postdoctoral research associates or senior PhD candidates in their 

respective laboratories. They were recruited with email solicitations and were provided 

with a $50 stipend for their time.  
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The strategy guiding participant selection was to explore potential differences between 

real world analysts and those who have expert training who might become analysts in 

the future. It is important to know not only what is needed to support current analysts, 

but also to have insight into how synthesis support tools may need to function once 

people currently receiving education and training enter the workforce in the years to 

come. It is also of interest to note whether or not analytical training for those in different 

disciplines has an impact on how participants synthesize results in an experimental 

setting. Additionally, broadening the participant group made it possible to conduct 

multiple experiments with sample sizes large enough to derive useful results. 

3.3 Interviews 

In July of 2007 the analysts recruited at PNNL were interviewed with the goals of eliciting 

knowledge about the current state of synthesis support tools, and to develop possible 

design directions for future synthesis support tools. Recruited participants from the Penn 

State group were not interviewed because the goal here was to find out about how 

analytic synthesis is currently carried out in the workplace ï a task that is not common to 

research-oriented experts like those recruited from Penn State.  

 

An hour long structured interview was developed to shed light on primary research 

questions one and two, which focus on how analysts currently conduct synthesis as well 

as how they envision future synthesis support tools. 

 

A structured interview format was chosen to ensure that all participants received the 

same questions and that answers across the group could be more directly comparable. 

Structured interviews require all questions to be preselected, placed in a pre-determined 

order, and asked without modification or adlib follow-ups (Creswell 1998; Silverman 

2004). They do not provide for flexibility like semi-structured or unstructured interviews 

where the questions can be created or modified during the interview to probe potentially 

interesting avenues. They do provide for more readily comparable answers and help to 

alleviate problems with interviewer bias that can occur when questions are open to 

modification. In this research, the interview was intended to collect basic and 

comparable knowledge about the character of current and projected analytical synthesis, 
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making a structured format more appropriate than an open-ended approach. This 

structured input was complemented by the more open nature of synthesis experiments 

in which participants were free to approach the problem (within its constraints) using 

their own strategies. 

3.4 Synthesis Experiments  

To adequately design and develop synthesis support tools it is necessary to observe 

how synthesis takes place. For that reason an experiment was designed to simulate the 

real-world task of determining who or what was responsible for an Avian Influenza 

outbreak in the Pacific Northwest.  

 

Participants were instructed that an avian influenza outbreak had occurred in the Pacific 

Northwest and that their task was to develop hypotheses for the source of the outbreak 

using the artifacts and tools they had been provided. The experiment design features a 

synthesis activity in which participants organize and annotate a set of physical artifacts 

(provided on 3.5ò x 5ò laminated cards) on a paper-covered workspace. Participants 

were also provided with markers, pens, adhesive tags, and post-it notes of multiple sizes 

and colors to modify the workspace as desired. The use of physical artifacts and tools 

was intended to explore how synthesis occurs without the constraints imposed by 

current software tools, which typically limit the types of organizational metaphors one 

can use. Previous work in human-computer interaction studies suggests that analog 

tools like paper and office supplies can be useful means for eliciting new technological 

ideas and designs by exploring how the people use the affordances provided by such 

tools (Sellen and Harper 1997).  

 

Participants at PNNL had one hour to complete the activity, and participants at PSU had 

40 minutes (albeit with a smaller set of artifacts). During the activity, participants were 

asked to state what they were doing. This technique, called verbal protocol analysis 

(Ericsson and Simon 1993), was used to help provide context for individual actions 

during the experiment, so that they could be accurately coded in post-experiment 

analyses. There are two basic variations of verbal protocol methods; talk-aloud, and 

think-aloud. In the talk-aloud variation, participants are instructed to simply state what 

they are doing, and to not attempt to explain their actions. In the think-aloud setting, 
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participants are asked to explain what they are doing and to describe their goals. The 

talk-aloud method is typically used in experiments designed to explore cognitive 

processes where explaining actions may interfere with performing the task. A talk-aloud 

variation of verbal protocol was chosen because the experiment required substantial 

cognitive attention - a situation in which a think-aloud protocol could interfere with the 

task (Boren and Ramey 2000).  

 

Participants completed a short training example with the lead investigator at the 

beginning of the experiment to ensure that they understood these instructions. When 

using verbal protocol methods it is important to choose a strategy for prompting users to 

continue their verbal reports (Boren and Ramey 2000) and the simple method of 

consistently saying ñkeep talkingò was used for these experiments. This prompt was 

used when participants failed to speak for more than 30 seconds.  

 

In addition, participants were instructed to inform the lead investigator whenever they 

had an emergent hypothesis, and to then briefly describe this hypothesis so that it could 

be recorded. This was done to evaluate two things: whether or not the experiment as 

designed was successful in eliciting real analytical behavior from our participants, and to 

examine any patterns that might emerge from the types of actions that participants 

complete before, during, and after arriving at a hypothesis. Participants were not given 

specific criteria for what constitutes a hypothesis, rather it was left to their judgment to 

decide if they had developed one or not. The term hypothesis has a variety of meanings, 

ranging from speculative assumptions to testable theses (Simpson and Weiner 1989). 

Because the target domain for this work is the descriptive side of epidemiology where 

the focus is on characterizing the spread of disease in a population (Gordis 2000), the 

experiment and its materials were designed to elicit hypotheses about the possible 

source of the disease outbreak. This stands in contrast to what would be expected in a 

scenario that focuses on analytical epidemiology, where the focus is on testable 

hypotheses to evaluate population risk and the effectiveness of intervention strategies.  

 

The use of hypothesis development as the goal for the synthesis task reflects several 

important considerations. First, the focus here on descriptive epidemiology calls for an 

approach that has participants develop a characterization of the spread of disease 
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based on available evidence ï a task that involves synthesis as defined in this research 

(organizing and adding meaning to multiple pieces of information) and results in the 

development of one or more hypotheses that describe the source of the avian flu 

outbreak. Secondly, in a more generic sense the scenarios in which we envision 

synthesis feature situations where the analyst begins with a collection of interesting 

analytical artifacts (which themselves have been developed based on a priori 

hypotheses) and then develops the ñbig pictureò that takes what is currently known and 

molds it together to create a higher-level understanding of the current situation. Unless 

and until this conceptualization has been proven to be true, the outcome of such work is 

best characterized as a descriptive hypothesis.  

 

A variety of relevant theories of scientific and information analysis point to hypotheses as 

the possible outcome of synthesis. DiBiaseôs (1990) depiction of the research process 

associated with geovisualization describes synthesis as, ñésummarizing and 

generalizing the results of exploratory and confirmatory analyses, and articulating a new, 

integrated conception of how the components of the research problem interrelate.ò In 

other words, from a variety of individual analytical results, one or more hypotheses will 

emerge to explain how those results relate with one another.  

 

Another theoretical framework for the process of science facilitated by geovisualization 

places hypothesis generation in between the actions of exploration and synthesis 

(Gahegan 2005). The framework proposed by Gahegan features exploration, synthesis, 

analysis, evaluation, and presentation as key stages of scientific activity, and it suggests 

that the path one takes through these stages is not necessarily one-way or even linear. 

Figure 11 shows one potential path through these stages of work, where the imagined 

user does take a linear path through those activities. Figure 12 shows the potential paths 

a user might take once they have developed a set of results to return to the initial 

constraints of their work and try alternatives. In this scenario, one possible outcome of 

assessing analytical results is to return to and modify initial hypotheses. While this 

theory does not suggest that synthesis itself results in hypotheses in the way that 

DiBiaseôs (1990) framework suggests, it does support the notion that once analytical 

results have been generated, one possible outcome is for users to revise and/or propose 

new hypotheses. 
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Figure 11: One potential path through the core scientific activities proposed by Gahegan (2005). 

 

 

 

Figure 12: Potential paths that a user could take once they have generated results (Gahegan 2005). 

 

The sense-making process proposed by Pirolli and Card (2005) suggests a loop of 

activity that involves schematizing information, building a case, developing hypotheses, 

and searching for support for those hypotheses in the schematized information again 
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(Figure 13). These parts of the sense-making process (steps 10-13 shown in the 

diagram below) complement theories of analysis with geovisualization proposed by 

DiBiase (1990) and Gahegan (2005), elaborating a conception of synthesis that matches 

the definition used in this research where analysts structure and add meaning to 

collections of information. In the sense-making loop, the act of schematizing evidence is 

analogous to the act of synthesis as defined in this study. The sense-making loop 

proposes that the result of schematizing information is a hypothesis, which can then 

itself be fed back into subsequent refinement of the evidence collection.  

 

 

Figure 13: The sense-making process proposed by Pirolli and Card (2005). 

 

At the conclusion of each experiment, a short debriefing session was conducted on-

camera between the lead investigator and the participant(s). At that time, the participant 

was asked to describe how they had organized their information and what they had done 

to indicate their hypotheses on the workspace. This evidence was gathered to help 

evaluate coding results and to have the participant identify the organizational methods 

they had applied. 

 

The first synthesis experiments were carried out in a video conferencing room at PNNL 

in Richland, Washington in July of 2007. After the completion of these experiments, a 
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previously planned additional study with individual experts at PSU was modified to 

include a collaborative component to explore synthesis in multiple-user settings as well. 

Participants at PSU completed a slightly shorter version of the experiment that had been 

completed at PNNL using overlapping sets of 36 of the 48 total artifacts, split so that 

each participant had 12 unique and 24 common artifacts.  

 

Five collaborative experiments were conducted in October of 2007 with pairs of analysts 

from PSU. One analyst in the pair was recruited from the GeoVISTA Center, while the 

other was recruited from CIDD (thus individuals having expertise in geovisual analytics 

methods and tools were paired with individuals having expertise in disease dynamics). 

Each analyst completed two activities. First, each PSU participant completed an 

individual experiment with the same instructions provided to PNNL participants ï their 

goal was to determine the source of the outbreak. Second, the participants worked 

together with their results on a blank workspace situated between their individual 

workspaces to develop a ranked set of plausible hypotheses to provide to a decision 

maker. The choice to mix participants from different backgrounds for the collaborative 

experiment was made to ensure that the collaborative synthesis setting accurately 

reflected how collaboration was likely to occur in real-world situations, where analysts 

from a variety of backgrounds will work together on a multi-faceted problem. For the 

collaborative experiments, the artifact sets were selected so that each participant in a 

paired group had the information that the other was missing ï creating a situation where 

participants had partially overlapping information, a condition also likely to occur in a 

real-world analysis situation.  

 

The full set of instructions given to PNNL and PSU participants for the individual 

experiments are available in Appendix A. The instructions given to PSU participants for 

the collaborative synthesis experiment are provided in Appendix B.  

3.4.1 Analysis Artifacts 

The objective of the synthesis experiment was to provide a realistic analytical task for 

participants to complete. A model for this type of task exists in the form of training 

activities developed to teach analytical methods to new intelligence analysts. One such 

training activity called The Sign of the Crescent (Hughes and Schum 2003) has  been 
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developed by the Joint Military Intelligence College. It contains a set of text reports that 

include source information and time stamps. The goal of the activity is for analysts to 

determine the most likely hypothetical outcomes of a terrorism scenario based on the 

information they can gather from these reports. The Sign of the Crescent is commonly 

used as a training exercise for intelligence and crime analysts (Booker et al. 2007). 

Because there is little guidance for the development of analytical artifacts for synthesis 

experiments, the Sign of the Red Crescent activity was used as a model for the 

information included in each artifact. In total, 48 analytical artifacts (Figure 14) were 

developed for use in synthesis experiments.  

 

The artifacts used in the reported synthesis experiments differ from those in the Sign of 

the Red Crescent activity in that they include maps, photos, and other graphics as well 

as text reports. This was done to more accurately simulate the many types of analytical 

artifacts that analysts are likely to generate using geovisualization tools. A 2-to-1 ratio of 

graphic artifacts to text artifacts was used to develop the complete set. This choice 

reflects the fact that geovisualization tools typically generate graphical rather than textual 

results. The complete set of artifacts is provided in high-resolution format in Appendix C. 

 

The artifacts were designed to weave a multi-threaded story regarding an avian 

influenza outbreak in the Pacific Northwest. Each artifact features source information 

and a timestamp, and there are photographs, video captures, maps, data graphics, and 

text reports included in the set. While many images were borrowed from Google image 

search results for items related to avian influenza, all time, source, and other text 

information (including all of the text reports) was contrived to develop the story and 

potential hypotheses. Appendix D provides a table showing each of the graphical 

artifacts (since all of the text reports were fabricated), its original source, and whether or 

not the image was modified from the original for the experiment. To simulate a realistic 

scenario, the artifacts feature different types of information, including background data, 

maps of relevant areas, reports and speculation from news and official government 

sources, and simulated social media. Through the use of different purported sources and 

report times, elements of uncertainty were also included to simulate varying data quality 

in real situations.  
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Figure 14: The set of analytical artifacts developed for synthesis experiments. 

 

Particular attention was paid to including a variety of spatial references in the data to 

require participants to make judgments about hypotheses in terms of how likely they fit 

the relevant geography. Flight schedules, financial transactions, and flu 

incidence/mortality data provide contextual geographic references to help participants 

determine whether or not the local geographic extent of the outbreak made sense in 
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relation to where avian flu existed previously, how it could get to the region, and where 

the funding to support that effort would likely come from. 

 

Based on the information provided, there are at least five potential sources for the 

outbreak, and there are many more permutations possible given combinations of those 

potential sources. The five threads devised for the experiment include: a natural 

occurrence based on bird migration, a person named Alex Watersby who intentionally 

spread the flu to wild birds and through pet stores, an Al-Qaeda operative named 

Waleed Al-Keval who infected wild birds, an unintentional outbreak caused by illegal pet 

trade activity by local pet stores, and a plot by North Korea and China to spread avian 

influenza to disrupt poultry commerce in America. All of the embedded hypotheses 

require the participant to develop some understanding of the geography involved and 

gauge evidence based in part on spatial plausibility (e.g. is it reasonable that Alex 

Watersby could have spread infection at pet stores near Seattle as well as the wildlife 

refuge south of Seattle in a few days time?). The number of artifacts that provide direct 

or indirect evidence for each hypothesis is summarized here in Table 1. Some artifacts 

provided evidence to support multiple hypotheses, so totaling numbers in the table does 

not match the complete set of 48 artifacts. Additionally, ten of the artifacts did not 

provide direct or indirect evidence to any of these hypotheses, rather they supplied 

historical or other contextual information about avian influenza in general. 

 

 

 

Table 1: Experiment scenario hypotheses and the number of artifacts in the collection that directly 

or indirectly support them. 
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The individual experiment results discussed in Chapter 4 includes additional discussion 

about the specific hypotheses that participants developed, and a table that summarizes 

the similarities and differences in hypotheses developed between different participant 

groups at PNNL and PSU.  

3.4.2 Experiment Setup 

The experiment was set up using a 36 inch by 36 inch square workspace. This 

workspace size was chosen because it provided ample space for all 48 artifacts to be 

arranged, and because in a trial run it was found not to be too large for a user to reach 

across easily. The workspace was covered in plain white paper. Colored markers, pens, 

adhesive tags, and post-it notes of multiple sizes and colors were provided nearby so 

that participants could alter the workspace and artifacts as desired (Figure 15). These 

tools were chosen because they are commonly used in office environments to keep 

track of and organize information. They were also used because together they provide a 

very flexible creative palette with which participants can modify the workspace and 

artifacts during the experiment. Given that the goal of the synthesis experiments is to 

characterize how participants organize and add meaning to information artifacts, it is 

important to provide flexible means for doing so in the analog setting. 

 

Standard Post-It Notes Colors indicate categories, allows substantial writing, sticky but 

movable 

Small Post-It Notes Colors indicate categories, allows limited writing, sticky but 

movable 

Colored Tags Colors indicate categories, allows very limited writing, sticky but 

movable 

Colored Arrows Colors indicate categories, sticky but movable, linkages or 

directions indicated with arrowhead 

Colored Markers Colors indicate categories, supports annotation 

Ballpoint Pens Colors indicate categories, supports annotation 

Paper Workspace Supports annotation 

 

Table 2: Affordances offered by analog tools provided for synthesis experiments. 
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The properties of an object that determine how it can be used are called affordances 

(McGrenere and Ho 2000) The basic affordances that each of the analog tools selected 

for synthesis experiments provide are summarized in Table 2. These tools were selected 

to provide flexible and topic-neutral means for organizing, annotating, and adding 

meaning to the artifacts. Similar flexible tools could be engineered in software, and in 

such environments some of the analog limitations with respect to object size (post-it 

writing area, for example) and permanence (annotations cannot be undone or moved, 

for example) could be removed. Despite the limitations of analog materials, analog 

experiments have been shown to elicit new ideas for digital technology through 

observations of how participants make use of affordances provided by paper and other 

real-world tools (Sellen and Harper 1997). It has also been observed that analog 

methods still tend to elicit greater creativity among users when compared to their closest 

digital counterparts (Stones and Cassidy 2006) ï and a key goal of this study is to allow 

for creative approaches to the synthesis task as much as possible.  

 

 

 
 

Figure 15: The synthesis experiment setting. 

 
Artifacts were re-sorted for each participant using a random permutation provided by the 

website www.randomization.com. This was done in order to minimize potential order 

effects (see Eisenberg and Barry 1988). The randomized artifacts were placed on the 

workspace in a stack at the beginning of each experiment. 

http://www.randomization.com/
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A video camera set on a tripod was set facing the participant during the experiment. This 

camera recorded the duration of the experiment to allow for later analysis of actions and 

verbal reports. During the experiment the lead investigator remained in the room to 

record emergent hypotheses reported by participants and to prompt them to keep talking 

if they were quiet for more than thirty seconds. Figure 16 shows a screen capture from 

one of the videos recorded at PNNL.  

 

 

Figure 16: Sample screen capture from PNNL synthesis experiments. 

3.5 Experimental Result Coding and Analysis 

The synthesis experiments generated a total of twenty-three video recordings. The goal 

was to extract useful information from these recordings in a systematic manner that 

would enable the development of specific software design guidelines. The focus here 

was on defining which software tools and functions would be necessary to support what 

the user was doing with the artifacts during the experiment. To that end, a coding 

scheme was developed to describe the low-level events that users initiated to complete 

the synthesis experiment. The problem of deciding what is a separable action is this 

case is non-trivial, and a conservative approach was taken here to identify actions that 

involved the actual use of artifacts, tools, or the workspace. The decision was made that 

coding would apply only to actions that were separable and obvious, using the verbal 

protocol of the user as well as the context of the action (for example, the work 
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immediately prior to the action in question) to help guide choices. More subtle actions 

like gestures or verbal declarations (outside those that indicated emerging hypotheses) 

were not set aside for coding in this study.  

 

The first coding scheme was developed by the lead investigator after watching a sample 

video from each of the three experiment types (individual experiments at PNNL and 

PSU, and a collaborative experiment at PSU). These videos were examined to identify 

what software tools would be required to support what participants did with artifacts, 

tools, and the workspace to complete the synthesis task. This scheme was then further 

refined by a group of seven interface and software developers from the GeoVISTA 

Center during a meeting in which the experiment and a sample of the videos were 

reviewed. A final round of refinement then took place after the lead-investigator 

completed sample coding of three of the videos with the working coding scheme (one 

from PNNL, one individual and one collaborative from PSU). The final coding scheme is 

presented here: 

 

A1 - Annotate (text): Text written on the workspace or a tag.  
A2 - Annotate (drawing): Graphics drawn on the workspace or a tag.  
C1 ς Collapse Group of Artifacts: After grouping artifacts, placing them in a stack where only the top 
artifact can be seen. 
C2 - Expand Group of Artifacts: Taking a collapsed group of artifacts and spreading them out again for 
viewing. 
G1 - Group Artifacts (unknown): Placing artifacts in close proximity on the workspace, but without verbal 
or non-verbal communication to suggest what they have in common. 
G2 - Group Artifacts (hypothesis): Placing artifacts in close proximity on the workspace, with verbal or 
non-verbal communication that they are part of the same hypothesis. 
G3 - Group Artifacts (category): Placing artifacts in close proximity on the workspace, with verbal or non-
verbal communication that they are part of the same category (e.g. people, places, and other qualitative 
attributes from the evidence).   
G4 ς Group Artifacts (type): Placing artifacts in close proximity on the workspace, with verbal or non-
verbal communication that they are the same generic type of artifact (picture, text, video, etc.). 
G5 ς Group Artifacts (time): Placing artifacts in close proximity on the workspace, with verbal or non-
verbal communication that they are arranged according to time. 
G6 ς Group Artifacts (read or un-read): Placing artifacts in close proximity on the workspace, with verbal 
or non-verbal communication that they have or have not been read. 
H1 ς Stated Hypothesis: A participant verbally indicates to themselves or the experiment proctor that they 
have developed a hypothesis, and they describe this hypothesis. 
L1 - Link Artifacts (network): Placing artifacts or drawing an arrow or other graphic in such a way that it is 
clear from verbal and/or non-verbal communications that the artifacts are part of a node-link diagram. 
L2 - Link Artifacts (hypothesis): Placing artifacts or drawing an arrow or other graphic between them in 
such a way that it is clear from verbal or non-verbal communication that the artifacts are linked through a 
common hypothesis. 
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S1 - Sort (time): Quickly arranging artifacts according to time. 
S2 - Sort (category): Quickly arranging artifacts according to category. 
S3 - Sort (type): Quickly arranging artifacts according to type.  
S4 - Search (category): Verbal or non-verbal communication that suggests a search for artifacts on the 
workspace that are part of a particular category. 
S5 - Search (time): Verbal or non-verbal communication that suggests a search for artifacts on the 
workspace that are from a particular time. 
S6 - Search (for read or un-read artifacts): Verbal or non-verbal communication that suggests a search for 
artifacts on the workspace that have or have not yet been read. 
S7 ς Search (keyword): Verbal or non-verbal communication that suggests a search for artifacts on the 
workspace that mention a specific keyword. 
T1 - Tag (hypothesis): Placing a physical tag (post-it or other sticky tag) on an artifact to indicate it is part 
of a particular hypothesis. 
T2 ς Tag (category): Placing a physical tag (post-it or other sticky tag) on an artifact to indicate it is part of 
a particular category. 
T3 - Tag (certainty): Placing a physical tag (post-it or other sticky tag) on an artifact to indicate certainty. 
T4 - Tag (follow-up): Placing a physical tag or writing a question on or near an artifact that indicates 
something for future follow-up. 
T5 ς Tag (time): Placing a physical tag (post-it or other sticky tag) on an artifact to indicate it is part of a 
particular timeframe. 
T6 ς Tag (place): Placing a physical tag (post-it or other sticky tag) on an artifact to indicate it corresponds 
to a particular geographic location. 
T7 ς Tag (network): Placing a physical tag (post-it or other sticky tag) on an artifact to indicate it is part of 
a particular social or other network. 
Z1 - Zoom (single item): Picking up a single artifact from the workspace to inspect it closely. 
Z2 - Zoom (group of items): Picking up multiple artifacts from the workspace to inspect them closely. 
 
For collaborative videos, the prefix A, B, or C is used to denote actions by the GeoVISTA participant, the 
CIDD participant, or both participants together. 

 
The videos were coded with the help of Transana (Woods and Fassnacht 2007), a 

software tool designed for qualitative analysis of audio and video data. In Transana, 

timestamps can be added to transcripts that serve as live links back to that moment of 

video or audio. During coding, events were timestamped, and then assigned a letter and 

number code from the coding scheme. This allowed the time of the event to be recorded 

along with its description, and these timestamps were used later during code reliability 

evaluation.  

 

In any qualitative analysis it is important to ensure investigator bias is reduced as much 

as practical. One typical way of assessing the credibility of coding data is to gauge code 

reliability (Yawn and Wollan 2005). To that end, a sample of ten videos out of the twenty-

three total available videos was selected to test coding reliability. Four videos each from 

PNNL and PSU individual experiments were selected, as well as two videos from PSU 

collaborative experiments. Project funding did not allow for a full recode by multiple 



40 

independent coders ï a more ideal code reliability test. Two independent graduate 

student coders were recruited from the GeoVISTA Center who had not participated in 

the experiment and who did not have substantial prior knowledge of the work. The 

coders were each given five videos (two from PNNL/PSU individual experiments, one 

from collaborative experiments at PSU), which had transcripts including event markers 

but stripped of the specific code that the lead-investigator had previously assigned. They 

were given basic training on how to use Transana to navigate videos and add codes to 

their transcripts, and provided with the full set of codes and their corresponding 

definitions. 

 

Code reliability was assessed using a percent agreement measure, a commonly used 

method of inter-rater reliability (Yawn and Wollan 2005). Percent agreement simply 

measures the percent of coded entries that match between coders. It is not a perfect 

measure, as it does not account for the chance that a coder will guess when assigning a 

code and be correct (Fleiss, Levin, and Paik 2003). However, in this case because there 

are 28 possible codes (and coders were allowed to combine them together if they felt 

two things were happening concurrently), the chance of guessing a correct code at 

random is small (3.6%). The percent agreement values are presented in Table 3. Rates 

above 87% indicate high levels of code reliability for the results reported in this research.  

 

Coder A Coder B Combined

Percent Agreement 87.64 89.15 88.4 
 

Table 3: Percent agreement between two independent coders and the lead investigator after sample 

recoding. 

 
The coded results were converted into Microsoft Excel tables that were then 

manipulated using Tableau desktop visualization software (Mackinlay, Hanrahan, and 

Stolte 2007) to create time series graphs for each user and summary graphs for each 

user group. These materials were further edited using CorelDRAW to enhance 

readability, to assign an appropriate color scheme (courtesy of www.colorbrewer.org ), 

and to develop page layouts for presentation.  

http://www.colorbrewer.org/
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Chapter 4 ï Characterizing Geovisual Synthesis 

In July of 2007 eight analysts at PNNL were interviewed with the goals of eliciting 

knowledge about the current state of synthesis support tools, and to gather input on 

possible design directions for future synthesis support tools. A one hour structured 

interview was conducted with eight analysts from disease surveillance and bioterrorism 

domains. The full questionnaire is provided as a supplement in Appendix E. Interview 

data in this chapter comes from digital audio recordings that have been transcribed 

using Transana qualitative analysis software (Woods and Fassnacht 2007). The 

transcripts of all eight interviews total 22,057 words. Answers for each question were 

compiled and evaluated as a group to derive the results reported in this chapter. The 

goals for interview data analysis were to identify areas of agreement and disagreement 

between analysts. Table 4 shows how each section in this chapter corresponds to 

specific interview questions. 

 

 

Table 4: Correspondence between sections in this chapter and interview questions. 

 

The first of the following sections describes participant background information and 

analytical expertise. This is followed with a discussion of interview results that describe 

the common types of analytical artifacts that participants generate in the course of their 

regular work. Then separate sections present results that describe how synthesis is 

currently conducted, the context of synthesis, and how synthesis is envisioned.  
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4.1 Participant Background 

Four male and four female analysts participated in this study, working in various roles as 

analysts at PNNL. Three are research program managers, focused on biological and 

chemical monitoring and security issues. The remaining five are research scientists, 

three working in biology and medicine, and two working in chemistry. All of these 

participants are actively engaged in providing analytical products for clients in a wide 

array of U.S. government agencies. Projects are typically initiated by client agencies, 

who issue contracts to PNNL analysts for reports or other analysis products. Participants 

in this study stated they were currently working on specific topics like avian influenza 

surveillance, disease modeling, and chemical and biological weapons proliferation.  

 

The problems that analysts in this study undertake are dynamic and intricate ï problems 

that typically involve collaboration among many analysts, each of which has a particular 

area of expertise. The products they generate are often reports for decision makers, 

which link together individual analyses into a coherent story. The nature of their work 

makes these participants likely future users of synthesis support tools.  

4.2 Analysis Artifacts 

A key area of interest in terms of supporting synthesis is to develop an understanding of 

what types of artifacts are most common. Toward that goal, participants were asked to 

describe the typical analytical results that emerge from their work. Responses indicate 

that artifacts can take many forms, including tables, graphs, images, schematics, and 

text reports. The program managers in this study indicated that text reports were the 

most common results they worked with, while the research scientists mentioned that 

other types of artifacts were more common. 

 

When asked to describe how artifacts are stored, participants indicated that operating 

system file folders, Excel spreadsheets, and PowerPoint presentations were typical 

mechanisms for collecting artifacts. Participants also mentioned that email archives are 

important as they often contain results in the form of attachments from colleagues. 

According to participants in this study, shared network storage is the most common 



43 

method of collaborative artifact storage, and in some cases email is used to share 

artifacts among multiple users.  

4.3 Current and Envisioned Synthesis at PNNL 

The primary purpose of conducting interviews with analysts at PNNL was to elicit 

knowledge about how synthesis is currently conducted, and to find out what analysts 

envision for future synthesis support tools. To explore how synthesis is currently 

conducted, analysts were asked to talk about the following key areas of interest: 

 

1. How results are organized 

2. How they develop the ñbig pictureò from their results 

3. How they handle the problem of recalling prior work 

4. How they collaborate with results 

5. How they explain their results to others 

6. How they handle issues with result provenance 

 

 For each of these question topics, interview participants were asked to follow-up their 

answers with suggestions about how they would envision improving the current state of 

the art. The following sections cover responses on each issue, and a final section 

summarizes analystsô ideas for future synthesis support tools that would improve upon 

current means. 

4.3.1 Organizing Results 

Multiple questions in the interview were designed to elicit the current process of 

synthesis at PNNL. These questions began with a request for analysts to describe the 

strategies they use to organize their results. Participants responded that they would 

typically organize results by projects or topics. PNNL 2 stated that they would develop 

ñpilesò of results:  

 

I generally tend to assemble things into an administrative pile, which you know I 

can ignoreéexcept for that are we running out of money sort of deal.  
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A reference pile, if you will, and then one for the project or one for the technical 

work specifically, and then normally kind of a reporting pile. And so things will 

generally flow out of the reference into the project, then into the reporting one. 

 

When asked if these strategies change depending on the type of project they are 

completing, analysts indicated (with one exception) that they tended toward a single 

common strategy for organizing results. Analysts cited the need for consistent reporting 

and communication with clients as reasons for using the same strategy regardless of the 

context. PNNL 8 differed from the others, stating that different project goals typically 

require different strategies for handling results, as some projects they work on deal with 

only a few key pieces of information, while others may involve many more.  

4.3.2 Developing the ñBig Pictureò 

Participants were asked to describe methods and tools they use to evaluate the ñbigger 

pictureò that situates their results, a portion of synthesis that shifts simple collections of 

results into coherent information that can be used for reporting. This question revealed 

some differences between how those who work on disease and biological threats 

approach this task versus those who work primarily with chemical threats. The former 

group cited their domain expertise as the main mechanism for this portion of synthesis. 

PNNL 5, an infectious disease expert described how they situate their results:  

 

I think I have some kind of ability to see where things are going, you know? And I 

think I draw a lot of those thoughts from, you know, reading the newspaper, 

watching CNN, um, I've got a bookéon the plagueéone of the best books on 

epidemics I've read was "History of the Plague Years." I mean there's the same 

patterns that flow, from historical knowledge and other media, giving context. 

 

In contrast, analysts who work on chemical threats indicated that they rely on statistician 

colleagues to help situate their findings. PNNL 6 describes one such scenario: 

 

The statisticians. <laughs> Verifying it with someone else, right. But the graphs 

typically give you the bigger picture to see what is happening over a time period 

or whatever you're measuring. 
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In terms of tools for supporting this task, participants stated the PowerPoint, Word, email 

clients, and file sharing software are most commonly used. Two participants indicated 

that in addition to those tools they also make use of Starlight (Risch et al. 1997) and IN-

SPIRE (Wong et al. 2004) visualization systems to create representations of data that 

provide overviews of their work.  

 

When it comes time to present the ñbig pictureò in report form, PNNL 6 stated that this 

task requires the use of outlines: 

 

That's the difficult part, trying to figure out what to include, what's important. Ah, 

usually we try to create an outline and then fill in the outline as we go, trying to 

determine how to tell the story in the best possible manner. And I struggle with 

that. It's not easy. 

 

One participant described how presenting synthesized results requires careful attention 

to defining the relationships between particular results. As PNNL 4 says:  

 

I think that takes a careful analysis of each of those pieces. What they mean, and 

how they relate, and I think you really have to demonstrate the relation. I think it 

needs to be very cohesive when it's presented in order to look like it'séa serious 

result that should be considered as a whole, I think. Becauseéthey all 

sometimes have to depend on each other. I think especially in the business that 

we're in, we're trying to get to a root cause or a particular type of technical 

thingéthen you need to be careful with how you present the pieces together. 

4.3.3 Recalling Prior Work  

An important aspect of synthesis pertains to the ability for analysts to recall and reuse 

prior work when that becomes necessary. For example, a risk analysis describing the 

economic and social impact of a potential avian flu outbreak might need to be revisited in 

the wake of an actual outbreak to evaluate the predictions. For the purpose of better 

situating the current state of synthesis support, analysts were asked to talk about how 

they approach this problem. 
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PNNL 7, an analyst who frequently deals with chemical spectra and other associated 

data mentioned that in addition to laboratory notebooks, automatically encoded 

metadata is a useful aid to analytic recall: 

 

Oh I guess that's sort of changed over time but, you have a lab book or sort of 

like an instrument book. And so you've written down something, maybe what you 

did that day. And a lot of the instruments these days, depends on the instrument, 

they'll store a lot of the metadata. Store all of the conditions and all of that sort of 

stuff. So then you can go back and see what conditions you actually used. 

 

PNNL 3 stated that recalling prior work is a non-trivial task, but that it can be aided by 

keeping track of items by date: 

 

I would say that's a difficult game. Because a lot of times what I find here is 

thaté I'll work on a project for say 3 or 4 months, then we're pretty much 

doneéand I will work on IRS work for 3 or 4 months and somebody will bring me 

back and say, "Oh we need to do more work in this area." So I've gotten pretty 

good at organizing where I put stuff and I try to organize it by date and I'm trying 

to keep track of all the emails that came to me by date so that I can actually track 

back through and say OK, ñso we were here when I quit.ò 

 

Several participants indicated that this task is approached most often as a mental 

exercise, suggesting that tools do not currently play a significant role in aiding this type 

of synthesis-related task. PNNL 1 described their method for recalling prior analyses this 

way: 

 

Retracing your steps back to those places, you find the file if it's electronic or 

paper copy, or it's the papers on your deskéyou're trying to find where you were. 

When you're there you're trying to retrace your steps to catch up and think about 

where you were. Suppose I built a simulation of a hospital, even a simple one, I'd 

have to remember what my thoughts were at the time. 
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4.3.4 Collaborating with Results 

Typically analysts at PNNL work on problems that require the work of multiple experts, 

including collaborators who may be working from multiple locations. To characterize how 

collaboration impacts synthesis, participants were asked to describe both the tools and 

methods they use to handle collaboration when it involves managing collections of 

results.   

 

In terms of tools for managing results among collaborators, participants indicated that 

they were using the same tools they used for their personal collections. Word 

documents, PowerPoint presentations, Excel spreadsheets, shared network folders, and 

email are all commonly used for collecting and distributing results among collaborators. 

PNNL 5 specified how these tools are used in combination, with email as the means for 

distributing files created in Excel, PowerPoint, and Word: 

 

I have to tell you, the best thing I really have for sharing results, both here but 

even you know if you're working globally, you know if you're telling your friend at 

CDCé is really just email. Just email. Here's the email, here's this, here's the 

bottom line, here's the enclosure. 

 

With respect to more general collaborative methods, participants stated that conference 

calls, regularly scheduled in-person meetings, and email conversations are typically 

used to manage collaborative synthesis. Once a collaborative project has been 

coordinated, reports are often developed asynchronously using shared documents and 

file resources, as PNNL 2 describes here: 

 

There's a couple things. One is that we all collect data and put it in a repository 

but then we also have a shared synthesis activity where again you think about 

the pageéwe all are on travel at different times and whatnot and sometimes it's 

hard to coordinate and have us all seated in the same placeébut if we all have 

access to the document we can be updating it and adding to it and editing it and 

so you know there's kind of a timeless collaboration that can occur on the actual 

product.  
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4.3.5 Explaining Results 

Because synthesis is a transitional stage between analysis and presentation, it is 

important to examine how results, once synthesized, are moved into the realm of 

presentation. To explore this portion of synthesis, analysts were asked to describe 

situations in which results were particularly easy to communicate, and how they were 

communicated. They were also asked to describe a time when results were particularly 

difficult to communicate, and how they overcame that problem. 

 

Analysts consistently reported that the easiest results to communicate to their clients 

were those that the client had expected to see. And the most difficult results to explain 

are those that the client did not anticipate. Participants indicated that they were usually 

aware how their work would be perceived (either expected or unexpected) before 

developing their final report, and that their approach to the report would differ depending 

on this knowledge. PNNL 4 described the two different scenarios this way: 

 

Yeah I would say if it's an expected result. That's probably the easiest, when 

they're unexpected is probably when it's gonna be most difficult and then you 

have to properly surround your results with the supporting information. Go back 

to references and things.  

 

Similarly, PNNL 2 explained what they have found to be the key factor involved in 

explaining results to clients: 

 

It's actually kind of more the expectation. He expected that we were gonna come 

back and reinforce what he thought, it was the fact that we were not reinforcing it 

that made it difficult, that made it more important that we had data to back it up. 

 

One participant mentioned an alternative scenario in which the results are not easily 

interpreted by non-experts, making the issue less about whether or not the client agrees 

with the answer so much as how well the client can understand the science itself. PNNL 

7 talked about how this situation occurs: 
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You know it always depends on who you're trying to talk to. It depends on their 

background and what they understand and, I mean that's what I've always 

noticed nowadays because usually the client has a very different background 

than you, andé what keeps you excited about doing work is going to be very 

different than what keeps the client excited about doing work. 

 

Software tools were not mentioned by participants in their responses on the issue of 

explaining results, perhaps indicating that this aspect of synthesis is not dependent on 

tools as much as it is on the content itself. It shows that there may be a place here for 

tools to support this task, perhaps by allows users the ability to quickly attach metadata, 

credibility measures, or other information to results so that clients can drill down into 

reports when necessary.   

4.3.6 Result Provenance 

A crucial aspect of supporting synthesis with software tools is to ensure that results can 

be linked back to the tools and methods responsible for creating them. When asked to 

describe how this problem is currently handled, all participants stated that current tools 

do not typically allow them to easily determine who, how, or when results were 

generated. This is a particularly difficult issue considering that analysts tend to collect 

results in office productivity software ï environments that do not normally recognize 

analytical results in a way that allows their metadata to be maintained (if they have 

metadata at all). As PNNL 3 mentions, accessing information that describes result 

provenance is particularly problematic in situations where analysts are returning to 

previous work: 

 

I mean we typically run into that a lot, especially from what we did years ago, we 

went back and looked at some stuff and were like, "how did that get from point a 

to point b?" You can see it in the write up we did, but the write up isn't as detailed 

as what happened. So we can probably guess how we got there but... 

 

Participants stated that a promising avenue for future software development would be to 

support better linkages between results and the tools (and analysts) that generate them. 

PNNL 4 supported this direction with the following statement: 
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You know I really don't think I have much in the way of tools to try to maintain 

that link. I may make a note somewhere possibly if it'sénot recorded somewhere 

in the electronic file or the email traffic. You know "so and so did this and it was 

based on so and so's work." But éa lot of times I don't even receive that 

information I think. There is a lot of value in going back to the originator of the 

workéwho actually had the original thoughts and the original process of 

developing something, a method or a tool or something. There's a lot of value 

there that can definitely be tapped. 

 

In general, interview responses indicate that analysts are aware and uncomfortable with 

the reality that their results are often distilled into small portions of reports for decision 

makers. When this happens, information about who developed a particular result or how 

it was developed is rarely included, and current tools do not support automating this 

task.  

4.3.7 New Tools for Synthesis Support 

To suggest directions for future synthesis support tools, participants were asked to 

identify changes they would make to what they currently use. They provided several 

different suggestions for future tools, including easy-to-use visualization environments, 

keyword searchable databases, and synchronized file sharing tools that do not require 

substantial training. PNNL 1 described one hypothetical solution for quickly locating 

results in a collection:  

 

When I want to find this file in the file structure I've got to click and click and click 

and why can't I just say I want this file and there's some artificial intelligence or 

something that can think like you do and "here it is" instead of me, going to click 

and scroll down to this folder on my email, and from that down. And I think this 

whole time, ñwhy can't I at least even say what I'm clicking for.ò You know that's 

very simple.  
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One participant indicated that current visualization tools are useful for collecting results 

and ultimately presenting them to clients, but that they are currently too awkward to 

support regular use, or use by analysts who cannot dedicate substantial time to training: 

 

Well, IN-SPIRE is pretty easy to use, Starlight is adequate from an output 

perspective, but it is a huge learning curve when you learn how to operate it. In a 

perfect world I would make it so that it incorporated data much easier than it does 

now and allows you to structure it without having toégo in and structure the data 

so that Starlight would actually read it...I mean it was not an easy process. So 

there's sort of a disconnect, you have to have somebody who's sort of an expert 

at putting it in, but they don't necessarily know what you want, soé we did a little 

bit of back and forth stuff and then I finally said you know why don't I just do it.  

But I mean that's a huge learning curve. The tool should be easier to work with.  

 

When it comes to collaborative synthesis activities, most participants indicated that using 

email can introduce problems. Email conversations tend to branch into multiple threads, 

file attachments are not easily managed, and it is unreasonable to expect analysts to 

spend time trying to manually organize those things, as PNNL 4 states here: 

 

Email is just a very kind of a mish-mosh of a bunch of different things and I just 

don't have the time to sit down and file through it and try to say ok this is on 

disease, this is on bioterrorism, you know and have my separate folders. 

 

PNNL 4 envisioned a new software environment that would help coordinate collaborative 

synthesis in terms of result management as well as project communications: 

 

You've got your communication side of it, and you've also gotéare we all 

working on the same paperéwhere are we with that? Maybe a tool where you 

would go in and it records essentially what you have done in this session, and 

then in an adjoining folder or adjoining area it also has a log of our 

communications. And also to maybe somehow link in to email for people who are 

not as technically adept, you know it automatically synchronizes things. I think 

something like that would be awesome. 



52 

 

Interview participants envision new synthesis support tools that make it easy to retrieve 

important information, and that coordinate that information with related project 

communications. Additionally, they require that these tools are immediately usable given 

analysts current technology skills. Document sharing and visualization tools are already 

in use, but their applications are limited as long as usability remains a barrier, and as 

long as they do not connect in meaningful ways to project communication streams. 

4.4 Discussion 

Interview responses from analysts at PNNL indicate that synthesis is currently supported 

through the use of office productivity software and shared network resources. Office 

productivity tools like Word and PowerPoint are commonly used to organize and share 

results, both in individual and collaborative settings. Visualization tools are used by 

some to develop synthesized overviews of information for presentation to decision 

makers. Email is often used as a method of moving these resources around among 

multiple people. In general, current tools and methods do not adequately support 

analysts when they need to revisit and/or revise past analyses. 

 

Client expectations are the deciding factor for the degree to which results are particularly 

easy or particularly difficult to explain. When analysts know their results will conflict with 

a clientôs expectations, they develop reports that saturate their findings in corroborating 

details. Current tools do not help analysts easily develop reports with varying levels of 

detail to match these circumstances. 

 

Participants envision synthesis tools that coordinate project communications with the 

results they have generated. This would also help alleviate problems noted with 

determining/maintaining result provenance information. New tools should be usable with 

minimal training and assumed technological expertise, so as not to impede work 

progress. Visualization tools are promising candidates for further development in this 

direction, as their outputs are generally easy for decision makers to interpret. 
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The next chapter presents the results of synthesis experiments conducted with 

participants from PNNL and PSU. These results provide empirical evidence to further 

characterize and understand the problem of synthesis in geovisualization. 
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Chapter 5 ï Individual Synthesis Experimental Results 

This chapter describes the results from eighteen coded videos from individual synthesis 

experiments conducted at PNNL and PSU. Eight videos came from experiments 

conducted at PNNL, and ten videos came from experiments conducted at PSU 

(experiment details are described in Chapter 3). These videos were coded to identify 

and characterize low-level events initiated by participants to complete the synthesis 

experiment. The following sections describe cumulative coding results, results for 

individual videos, common patterns of activity across multiple videos, and the 

organizational metaphors were used by participants. Where relevant, differences 

between groups at PSU and PNNL are highlighted. 

 

The graphical data presented in this chapter can be interpreted using the annotated 

legend provided in Figure 17. Choosing colors to indicate glyphs for 29 different codes 

required the use of two glyphs for each coded event. The primary glyph carries with it 

the color of the major category it is associated with (e.g. Annotate, Group, Sort, etc...), 

and the smaller glyph attached to its bottom indicates which particular subtype of that 

category was assigned. A qualitative color scheme was used from www.colorbrewer.org 

(see Brewer, Hatchard, and Harrower 2003; Harrower and Brewer 2003). Grayscale 

ramps were also used from ColorBrewer to fill the subtype glyphs. In this case, although 

the codes are qualitatively different, visual clarity was not possible using a qualitative 

scheme for the higher level categories as well as the individual subtypes.  

 

Where noted, individual participants are referred to using the generic name for the site 

where the experiment took place, along with a number. A letter suffix is included with 

PSU participant data as those experiments were grouped into five sessions that each 

featured three activities, hence a letter and number designation for those participants. 

 

 
 

Figure 17: Legend for use with code results presented in this chapter. 

http://www.colorbrewer.org/
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5.1 Cumulative Results 

Charts showing the cumulative results from experiments conducted at PNNL and PSU 

are shown in Figure 18. These graphs reveal several interesting insights about how 

synthesis was conducted during the experiment sessions. The top five most frequent 

events are, group (category), annotate (text), zoom (single), zoom (multiple), and group 

(timeline). These five codes are consistent for both PNNL and PSU groups, not 

indicating a difference between domain backgrounds in this case.  
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Figure 18: Cumulative charts showing total number of coded events for both experimental groups. 

 

5.1.1 Grouping 

A bias toward the group code is expected considering that participants were provided a 

stack of randomly sorted artifacts at the beginning of the experiment. However, the type 

of grouping is of interest, as the most common methods for doing this are by category or 

by timeline. The categories users assigned to artifact groups varied widely, from broader 

categories like ñhistorical informationò to specific categories like ñinformation about Alex 

Watersby.ò They included references to locations and other qualitative features of the 

evidence ï as opposed to grouping by timeline which involved the use of a metric for 

organization. 

 

Grouping by timeline was the second most common coded grouping method. Since 

source information and dates were provided on each artifact, it was easy for participants 

to sort through and group items along a timeline. The way the timelines were arranged 

on the workspace is of interest, as there was no single dominant strategy for this. Some 

users arranged past to present from top to bottom, others from bottom to top, and some 

used left-to-right.  

 

We might have expected more participants to group artifacts by hypotheses, considering 

the task was to develop hypotheses, but this was an infrequently coded event in our 
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experimental evidence. Every participant developed at least three hypotheses (see 

section 5.2.3 for a discussion about these), but few chose to group items using 

hypothesis membership as a criteria.  

5.1.2 Annotation 

Textual annotation was the second most commonly coded event from the individual 

experiment data. Participants from both PNNL and PSU added text annotations more 

often than graphical annotations, with PSU participants using graphic annotations 

slightly more often than PNNL participants. Text annotations were frequently carried out 

to record key information about artifacts, to add information to tags, and to identify 

working hypotheses. 

 

Drawn annotations usually took the form of regions around groups of artifacts, or arrows 

drawn between particular items that are related in some way. It is worth noting that not 

all users engaged in annotation of one kind of another, PNNL 7, PSU 2B, and PSU 5B 

did not choose to annotate their workspaces.  

5.1.3 Zooming 

Zoom events were quite common among participants from both groups. Zoom events 

were coded when a participant closely inspected an artifact or multiple artifacts that had 

been placed on the workspace. Most of the time participants picked up artifacts and 

brought them closer to their face to interrogate them closely. In general zooming takes 

place later in the process of synthesis after artifacts have already been grouped on the 

workspace. Participants favored looking at one item at a time over multiple items, but 

this is probably because there is a physical limitation involved with holding a substantial 

number of artifacts in your hands. The most common multiple item zoom was to examine 

two artifacts to compare their information.  

5.1.4 Other Events 

While grouping, annotation, and zooming are the most common events that occurred 

during synthesis experiments, participants initiated a wide array of additional actions to 

develop hypotheses using the artifacts. Colored tags were used to indicate categories, 
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hypotheses, certainty, and other attributes. These events did not occur as frequently, but 

frequency alone is not necessarily an indicator of importance with respect to supporting 

synthesis. Participants also initiated searches and sorts through artifacts to find 

references to particular people, and to quickly organize data based on time or other 

criteria.  

 

Link events were coded whenever participants stated that artifacts were linked to each 

other and/or when arrows were drawn indicating as much. Most of the time, links were 

used to indicate direct or suspected relationships between artifacts in a hypothesis. 

Graphical and textual artifacts were linked in similar proportions, indicating that different 

artifact types may not have a strong influence on how participants apply links (at least in 

instances like this where all artifacts are the same size and shape). 

 

Finally, some participants collapsed artifact groups on the workspace. Most of the time 

collapse events occurred with data artifacts that were judged to be useful as background 

or historical information. One analyst at PNNL chose to begin with collapsed groups 

organized on a timeline, and then systematically expanded each group one at a time 

from past-to-present to analyze the information. 

5.2 Individual Results 

Summarized coding results reveal insights about the frequency of events during 

synthesis, but do not provide detailed characterizations of strategies that participants 

used to synthesize information. This section focuses on patterns of events that are 

observable by looking at the coded results for individual participants. It also presents 

observations on the organizational methods that participants used to complete the 

synthesis task. 

 

Coded results for each participant are collected together in Figure 19 (PNNL) and Figure 

20 (PSU). Each ñtrackò of results has been resized so that it takes up the same width of 

the page to avoid overprinting issues. The legend in Figure 17 should be used with these 

graphics as well. Section 5.4 provides detailed graphical results for participants from the 

PNNL and PSU individual experiments. There each coded result is presented along with 
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a graph that summarizes the most frequently coded events, a photograph of the final 

workspace, and a brief text summary of what occurred during the experiment.  

 
 

Figure 19: Coded results from PNNL experiments. 


