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Introduction 

The task of understanding the causes, controls, and distribution of cancer present an 

array of diverse and intricate challenges. While there are some indications regarding the 

etiology of malignancies, there is still relatively little insight into the factors that control 

them and their primary spatial vectors. Although typical epidemiological studies focus on 

examining existing hypotheses and incidence clusters empirically, an emerging portion of 

the current research agenda in cancer epidemiology focuses on exploring complicated 

health data and generating new hypotheses. Additionally, the spatial aspects of disease 

are increasingly examined in contemporary epidemiological research. In the past, 

cartographic products have had a history of encouraging the creation of new hypotheses 

with respect to health data (Pickle 1996). It is reasonable to suspect that new methods of 

geovisualization will also enable this kind of knowledge creation, potentially in a more 

effective and dynamic manner than prior cartographic techniques (MacEachren et al. 

1999), and especially if they are integrated with those traditional methods.   

ESTAT (Exploratory Spatio-Temporal Analysis Toolkit), a geovisualization toolkit 

developed by the Geographic Visualization Science, Technology, and Applications 

(GeoVISTA) Center at The Pennsylvania State University, is one attempt at facilitating 

this kind of exploration. Besides ESTAT, there are few existing software toolkits 

designed specifically to facilitate spatial epidemiology. Examples of spatial analysis 

software for epidemiology include SaTScan (Kulldorff and Information Management 

Services 2003) and ClusterSEER (Jacquez and Estberg 2003), both of which were 

initially developed in conjunction with NCI. Both of these packages are designed to 

detect and analyze potential disease clusters, and neither allows for visual exploration of 
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multivariate data. Geovisualization provides the ability to interpret spatial phenomena 

through a visual interface. It excels at simplifying raw, numeric information by projecting 

it into its spatial context. It is anticipated that geovisualization tools will provide 

epidemiologists with the ability to abduct new hypotheses more effectively and more 

often, especially when they are able to uncover structure in increasingly massive and 

complicated data. 

Problem and Purpose      

The ESTAT toolkit has evolved into its current form through several iterations of 

usability testing and re-design. This process is often referred to as human-centered 

design, and is aimed at creating software that is usable, efficient, and complementary to 

the tasks being pursued (Nielsen 1993). This human-centered design approach has been 

pursued in order to precisely tailor the tools for the purposes of cancer epidemiology. 

Initial usability assessments of ESTAT have shown that it shows great promise for 

application in the daily work of cancer epidemiology. However, there are questions 

regarding which tools are useful, what functionalities are missing, and how 

epidemiologists see geovisualization fitting within their work. The proposed work seeks 

to answer multiple aspects of each of these general questions by collecting and compiling 

evidence gathered from direct collaboration with one epidemiologist and a formal 

usability study conducted with a group of epidemiologists. 

The proposed research adapts methods suggested by Dunbar and Blanchette (2001) 

and recent geovisualization research by Griffin (2003). Dunbar and Blanchette studied 

the kinds of analogies scientists created during regular work versus those created in a 

controlled lab setting. They term the former an in-vivo study, and the latter in-vitro. In-
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vivo analogies tend to reveal different kinds of structure than in-vitro analogies, and the 

in-vivo approach is particularly useful for understanding cognition in ‘real world’ 

situations. Griffin applies this distinction in her assessment of geovisualization tools to 

understand Hantavirus, and proposes that in-vivo studies can provide a wealth of useful 

and detailed qualitative information from which geovisualization tools can be designed 

and assessed. Ultimately, Griffin employs aspects of in-vivo and in-vitro research by 

gathering knowledge from domain experts and following up by conducting a formal 

assessment of her toolkit. While Griffin worked within the epidemiology of Hantavirus, 

there is little known about how domain experts use geovisualization within the work of 

cancer epidemiology. This research proposes to examine this question, leaning heavily 

toward the in-vivo approach, while maintaining linkages to classic in-vitro assessment 

techniques. Designing research with both elements in combination is ideal for 

understanding the totality of a scientific situation, according to Dunbar and Blanchette. 

This research proposes to assess the practice of cancer epidemiology using an existing 

geovisualization toolkit (ESTAT) in order to inform the creation of a framework for a 

refined epidemiological toolkit. Throughout this study, particular emphasis will be placed 

on understanding this problem context in-vivo and addressing issues with reasonable, 

real-world solutions. The final product will be a mature structure for a geovisualization 

software package that addresses the bulk of what is required for exploratory visualization 

in a cancer epidemiology context. 

The intent of this research is to examine the application of specific geovisualization 

techniques in the context of cancer epidemiology and apply knowledge gained to 

improved techniques. The approach will include collaboration with the epidemiologist in 
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a case study and a follow-up group assessment. Based on findings from these two phases 

of research, a framework for a comprehensive toolkit will be devised. This framework 

will incorporate the elements of geovisualization that are determined by the 

aforementioned assessments to be useful in the specific task context of spatial cancer 

epidemiology.  

This research will incorporate qualitative and quantitative evidence in order to 

summarize findings. The precise manner in which these measures will be applied during 

the group assessment phase will be informed by the case-study research that precedes it. 

Ultimately, evidence from both phases will be coded and compiled into categories of key 

functionality. This information will feed directly into the creation of the final design 

framework. 

Literature 

This research draws upon three key research domains: Geovisualization, Usability, 

and Epidemiology. The proposed work seeks to synthesize crucial aspects of each of 

these areas into a coherent whole through a comprehensive assessment of 

geovisualization tools in cancer epidemiology. A survey of research related to assessing 

geovisualization is presented following sections covering each of the three 

aforementioned domains.  

Geovisualization 

Geovisualization is generally considered to encompass methods designed to facilitate 

visual exploration and analysis of geospatial data (Buckley et al. 2000; MacEachren and 

Kraak 2001). New geovisualization tools are emerging almost as fast as new contexts of 

use are imagined. This presents an array of challenges for geographers studying 
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geovisualization. Among the items listed in their research agenda, MacEachren and 

Kraak cite a need for insight into interface issues and the aspects of cognition and 

usability that come into play when designing geovisualization environments. A recent 

report by the National Research Council (Muntz et al. 2003) calls for research into the 

ways in which people interact with geospatial information. The primary foci for the 

proposed investigation follow these recommendations.   

Usability 

The assessment of geovisualization environments has become progressively more 

important as the ideals of human-centered design increasingly influence software 

development. A wide array of recent research has attempted to address questions related 

to this topic (Edsall 2003; Haklay and Tobon 2003; Pickle 2003; Slocum et al. 2003; 

Suchan 2002).  Usability research with geovisualization tools has often employed 

carefully-controlled quantitative measures in order to assess utility (Griffin 2003). This 

approach often focuses on response times, the number of ‘correct’ responses, and 

determining statistically significant results (Montello et al. 2003; Slocum and Egbert 

1993).   

Recently, assessments employing qualitative techniques have gained in popularity, 

especially when used in combination with quantitative measures to allow convergence 

between methods (Buttenfield 1999). Work by MacEachren et al. (1998) is an early 

example of convergent methods in geovisualization usability research, in this case 

employing protocol analysis and interaction logging.  Further work by Edsall et al. (2001) 

employed a similar set of methods while assessing the utility of an early predecessor to 

ESTAT, the application this proposed research will analyze. Edsall et al. found that 

scatter plot and parallel coordinate plot (PCP) visualizations were not statistically better 
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at yielding answers to narrow questions, but analysis of interaction logs and written 

commentary by users showed that these tools are in fact well-suited for data exploration 

and hypothesis creation. Slocum et al. (2003) present a six-stage approach to designing 

usable geovisual tools, beginning with a prototype and working through several different 

methods of evaluation and redesign before a final assessment with the target user group. 

Users are not involved at the beginning of Slocum et al’s process, and in the discussion of 

their results, they cite this as a fundamental flaw. Andrienko et al. (2002) involve user 

assessment activities early on in their application development, but rely almost 

exclusively on quantitative measures of timing, interaction, and preferences. Andrienko 

et al. speak highly of the usefulness of their assessment method for, “…small, precisely 

formulated tasks,” while cautioning that they, “…are insufficient for testing the capability 

of tools to facilitate hypothesis generation and knowledge construction.” For the latter 

kind of investigation, Andrienko et al. recommend “free data investigation” prompted by 

“open-ended questions.”  

One recent study has expanded upon these predecessors to include a wider array of 

qualitative assessments in order to attempt to understand the complexity of the precise 

use-context in question (Griffin 2003). Griffin developed a model for the spread of 

Hantavirus and assessed the utility of its geovisualizations by epidemiology experts 

through a set of qualitative and quantitative techniques. She, like MacEachren et al 

(1998) employed protocol analysis and interaction logging. Additionally, her analysis and 

conclusions focused on the hypotheses generated by using her tools - a clear effort to 

understand the in-vivo realm of her topic. 
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Cancer Epidemiology 

A significant portion of current cancer-related epidemiological research focuses on 

exploration of multivariate data for the construction of new hypotheses. Geovisualization 

can play an important role in these tasks by displaying patterns of environmental factors, 

socioeconomic indicators, and mortality/incidence rates (Khan and Skinner 2003). 

MacEachren et al. (2003) have demonstrated how a few of the tools akin to those 

included with ESTAT can work in combination to provide this functionality in a 

dynamically-linked visual environment. MacEachren et al. (2003) utilized cancer 

mortality data and corresponding socioeconomic covariates to perform exploratory 

analyses, yielding some initial insights into the relationship between breast cancer stage 

of diagnosis and screening availability. Carr (2001) developed dynamically linked 

choropleth maps designed to analyze health outcomes for NCI. Carr and his colleagues in 

epidemiology were able to uncover interesting patterns with respect to cervical cancer 

rates. What is missing from these examples is a comprehensive case-study using these 

kinds of dynamic geovisualizations to try and achieve real results. 

Assessing Geovisualization 

Drawing upon insights provided by prior work to assess geovisualization tools, the 

proposed research will emphasize the application of qualitative techniques. As noted in 

the above section describing usability efforts in geovisualization, most recent work has 

focused on quantitative assessments of task performance and user preferences. Because 

the proposed work is concentrated on understanding how epidemiologists can explore 

data and create hypotheses, rather than accomplishing simple tasks in a small amount of 

time, an approach that relies largely on qualitative knowledge elicitation is appropriate.  
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In a recent review of contemporary methods for qualitative research related to map 

use, Suchan and Brewer (2000) outline three key types of qualitative information: verbal 

data, observed data, and document data. The research proposed herein will employ 

methods to capture each of these kinds of information. Suchan and Brewer claim 

qualitative methods are beneficial to the cartographic researcher who is, “…interested in 

particular audiences, natural settings for research, and amplified explanation.” It is for 

precisely these reasons that much of the research proposed herein is based on qualitative 

techniques. The proposed research will employ a combination of at least three specific 

techniques, each of which is aimed at capturing one of the three primary types of 

information outlined by Suchan and Brewer. 

Verbal data will be gathered through protocol analysis and interviews. Protocol 

analysis elicits responses from users in a ‘think aloud’ fashion, when users dictate the 

actions they are taking and the reasons they are taking them while they perform some 

kind of task (Boren and Ramey 2000). An alternative method of protocol analysis 

involves speaking retrospectively about a situation, sometimes aided by an audio or 

visual record of the prior activity (McGuinness 1994). According to Suchan and Brewer 

(2000), protocol analysis is useful for uncovering the ways in which people behave in and 

make use of maps and geovisualizations.  

Further verbal information will be obtained by conducting focused interviews with 

participants following their experience with the geovisualization toolkit. These interviews 

will attempt to assess the strengths and weaknesses of the geovisualization toolkit 

utilized, as well as identify more precisely where epidemiologists envision 

geovisualizations fitting into their daily work. Questions will also be presented to identify 
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the kinds of spatial analysis methods (if any) that are commonly used. The construction 

of these focused interviews will be based on what are considered standard guidelines 

created by Merton (1990).  

Observations will be gathered through participation in a case study epidemiological 

analysis. The tradition of observation as a data gathering method originates from the field 

of ethnography, and has been adapted by practitioners of interaction design (Preece et al. 

2002). It is not frequently applied in assessments of maps or geovisualization tools, 

although Suchan and Brewer (2000) cite the creation of the Alexandria Digital Library 

(Buttenfield 1997) as an instance of creating an ethnography of users from a combination 

of methods including protocol analysis, videotaped sessions, user surveys, and web 

transaction records. Ethnographic profiling is commonly used in Cognitive Systems 

Engineering and other applications of Usability, however. There has been some effort to 

analyze the kinds of users of geospatial information (Davies and Medyckyj-Scott 1996; 

Medyckyj-Scott and Hearnshaw 1993), although these studies did not explicitly mention 

using an ethnographic approach and tended to search for broad generalizations in diverse 

populations. Integrating an ethnographic profile of users into software design is an 

important model for the proposed research, and it is a method that has seen widespread 

use by interaction designers. The development of an ethnography of cancer 

epidemiologists is part and parcel of the successful design of a framework like the one 

envisioned here. The proposed work is inspired specifically by Hutchins (1995) cognitive 

examination of naval navigators. Hutchins advocates an interdisciplinary approach that 

includes participation and observation in order to situate the work within its cultural 
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context. The in-vivo approach to studying science seems to be complementary to the 

methods developed by Hutchins. 

Document data will be created by capturing interaction logs of software usage during 

task sessions. Although document data typically refers to written information or images, 

it can also include transcripts. Interaction logs are essentially transcripts of use during an 

exploration or task session. These transcripts provide a wealth of quantitative information 

regarding time spent using particular tools and the number of interactions performed 

during a specific task. Interaction logging software will be employed to capture the range 

of interaction that took place so that the entire session can be replayed and analyzed in 

detail, ideally in concert with information gathered through protocol analysis. The 

convergence of this information is expected to provide fundamental insights into the 

actions and explorations of epidemiological work with geovisualization tools. In their 

study of a web-based learning tool, Helms et al. (2000) refer to the potential of 

convergent information as the primary rationale for capturing interactions as well as 

dialog and other types of observations.  

Research Context 

The proposed research relies on ongoing development work with a geovisualization 

toolkit at the GeoVISTA Center at Penn State. The exploratory spatio-temporal analysis 

toolkit (ESTAT) was created in 2003 under a development contract from the National 

Cancer Institute (NCI). NCI requested a toolkit for cancer epidemiology that incorporated 

the latest methods in geovisualization. The application features four primary components 

(Figure 1), each of which are linked together dynamically. Included within ESTAT is a 

scatter plot, a bivariate map, a parallel coordinate plot (PCP), and a time series plot. 
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ESTAT provides for interactive exploration of multivariate data. Users can select 

observations in any of the four components and see these selections immediately 

propagate to the others. 

 

Figure 1: The ESTAT toolkit 

The scatter plot (Gahegan 1998) and bivariate map (Eyton 1984; Olson 1981) are 

common methods for geovisualization that have a long history in cartography and 

information visualization. The PCP and its close cousin, the time series plot, also have 

long histories as methods of information visualization, though ESTAT presents a novel 

combination of these elements into a single linked application. The PCP is a method for 

visualizing an entire dataset at once. In a PCP, each observation is drawn as a line passing 

through parallel axes, which represent data categories (Edsall 2003). The intercepts of 

these lines on each axis represent the value of that particular observation (Figure 2).  
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Figure 2: The parallel coordinate plot 

With a PCP, it is possible to recognize outliers quickly, as well as notice general 

‘signatures’ across data categories of similar observations. The PCP was first conceived 

of in 1985 (Inselberg 1985), and increasingly efforts have been made to implement them 

in geovisualization software (Andrienko and Andrienko 2001) as well as other 

information visualization software. Edsall (2003) describes two case studies, one in 

climatology and one in epidemiology, where he applies the PCP to explore spatio-

temporal phenomena. Edsall describes the conversion of a typical PCP to represent time 

series data, and he claims that providing temporal information in concert with a 

traditional PCP and other visualizations such as scatter plots and maps can uncover new 

relationships in complex data. The promise of this kind of interaction (MacEachren et al. 

1998) spurred NCI to fund the creation of ESTAT by the GeoVISTA Center in 2003.    

There have been ongoing usability assessments conducted with the ESTAT toolkit. 

Several semi-formal evaluations have employed protocol analysis and observation in 

order to evaluate the PCP component. Specifically, these assessments have employed 
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students as surrogate users and attempted to provide initial feedback into the design of 

ESTAT. There has also been a general effort within the NCI Geovisualization project 

hosted by the GeoVISTA Center at Penn State to debug the application and suggest 

changes to its interface. These efforts continue currently as team members conceive of 

and implement changes to the toolkit.   

In February of 2004, an in-depth task analysis with follow-up focus group sessions 

was conducted at NCI headquarters in Washington, DC. This was a formal usability 

exercise designed as an initial assessment of the final ESTAT package in its actual 

context of use. Users completed a tutorial that guided them through a simple exploratory 

task in ESTAT, and were then asked to embark on several kinds of exploratory tasks on 

their own. Follow up focus groups were employed to elicit general responses to the suite 

of tools as well as understand how epidemiologists envision using geovisualizations in 

their daily work. In general, users expressed excitement about using the tools, but found 

the existing interface difficult to use. Interface problems identified by this assessment are 

being addressed now, for a future release of ESTAT. Also, many testers were eager to see 

statistical confirmation of the patterns they were seeing in the data. Such statistical 

methods are beginning to be implemented in ESTAT. Bridges to statistical software 

packages commonly used in epidemiology are also being developed now for future 

release. It is anticipated that the version of ESTAT tested during the group assessment 

portion of the proposed research will incorporate both of these capabilities.  

Each of these activities has informed the user-centered design process under which 

ESTAT was devised. This prior work enables the research proposed herein. ESTAT 
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remains in the feedback loop between concept development, prototyping, and usability 

assessment (Figure 3).  

 

Figure 3: The human-centered design process 

The following sections outline a plan and methodology for continuing this loop in an 

effort to create a final and effective solution for exploratory data analysis using 

geovisualization tools in cancer epidemiology.  

Methodology 

Assessment of emerging techniques in geovisualization has taken a number of forms. 

Initially, research into the utility and usability of new methods employed quantitative 

measures of the time it took to complete tasks and/or the number of ‘correct’ answers a 

particular technique facilitated. Over time, efforts have been made to gather more 

qualitative information about the kinds of interaction taking place and specific contexts of 

usage. This research employs a portion of the methodology used by Griffin (2003); the 

specific components of that methodology are detailed below. 

Griffin opts for a blended methodology that focuses on understanding the holistic 

context of the tasks being undertaken. In developing her approach, Griffin draws upon 

Dunbar and Blanchette (2001) and their study of scientific analogy and its morphology 

based on context. As noted above, Dunbar and Blanchette refer to controlled-lab studies 

as in-vitro and observation of real-world interaction as in-vivo. Griffin extends this work 
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into an analogy of her own by comparing usability efforts in geovisualization in both 

settings. In general, in-vitro assessments tend to be more quantitative and measure things 

such as performance times and frequency of ‘correct’ or ‘incorrect’ answers. In-vivo 

assessments typically attempt to understand the context of use in a qualitative sense and 

have users perform their normal work in their typical environment. 

While this research will gather information in both settings, its primary aim is to 

understand the in-vivo context of cancer epidemiology. With this perspective, it should be 

possible to envision a set of geovisualization tools that not only accomplish the tasks of 

epidemiology, but also fit within the ways in which epidemiologists work on a daily 

basis. This, in turn, fits well within the tenets of human-centered design. 

The proposed work will take place in a series of phases, culminating in the creation of 

a complete framework for an epidemiological geovisualization toolkit (Figure 4). This 

framework will serve as a template in terms of both functionality and interface design for 

the next generation of epidemiological geovisualization tools.   

 

Figure 4: Project phases 

Phase One 

Initially, a case study using the existing ESTAT toolkit will be undertaken. This work 

will happen collaboratively with a practicing epidemiologist from the Penn State Hershey 

Medical School and seek understanding into a set of research questions that are real and 

pertinent. It will employ recently compiled data and its goal is to produce a reasonable 
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epidemiological result. The current plan is to augment a recent study of Colon cancer 

(Hopenhayn et al. 2004) in Kentucky. The capabilities of ESTAT to shed light on 

multivariate data are expected not only to support their findings, but also to reveal new 

patterns and linkages. By working collaboratively with an epidemiologist, deep insight 

into the in-vivo context of work will be gathered. At the same time, ESTAT’s ability to 

yield real results will be assessed.  

Phase Two 

The second phase of this research will involve creating an assessment plan based 

largely on the results of the case study analysis. In addition, recent work in assessing 

geovisualization will inform the final combination of techniques utilized. It is envisioned 

that qualitative methods such as protocol analysis, focus groups, user task analysis, and 

interviews will be employed. Also, some quantitative data will be cataloged, most likely 

through a passive method such as interaction logging, and numerical summaries of 

qualitative observations will be created where applicable (e.g. term frequency counts or 

summaries of heuristic surveys). Assessment design will draw heavily on a combination 

of qualitative methods outlined by (Suchan and Brewer 2000) as discussed earlier in this 

document.  

Phase Three 

Next, a group assessment will take place with a number of epidemiologists at both the 

National Cancer Institute (NCI) and the Centers for Disease Control (CDC). Prior work 

with both of these agencies allows for the efficient and reliable selection of a test 

population. NCI headquarters hosts a state-of-the-art usability lab that is available for 

assessments. Their facility provides a wide array of data capture abilities as well as 

several different types of testing environments. Additionally, it has an advantage for this 
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research as test subjects from NCI will be familiar with the lab and there will be no 

accessibility issues as it is located adjacent to their offices. The CDC population most 

likely to be suitable for the proposed assessment (those who work for the National Center 

for Health Statistics) is located near NCI headquarters in suburban Washington, DC. It is 

likely that the usability lab used for the NCI assessment will also be used for CDC 

participants. 

Selection of a test population will be aided by existing contacts at both organizations 

that have identified appropriate participants in past health geovisualization research at the 

GeoVISTA Center. Since this research aims to develop a framework for a cancer 

epidemiology toolkit, ideal test subjects will be epidemiologists working on cancer-

related issues at their respective agencies. Additionally, a concerted effort will be made to 

identify those epidemiologists who have shown prior interest in geovisualization tools or 

have already applied spatial analysis and GIS methods in their every day work. The 

rationale for this selection is that by involving this population in the design of a 

geovisualization toolkit designed for their work, there will be a greater chance that once 

completed, the product of the framework will be accepted into daily practice. Ultimately, 

it is just as important to encourage this kind of collaboration as it is to foster sound design 

and implementation.  

Phase Four 

The final portion of this research will be the coding and compilation of information 

gathered from the formal group assessments. Dialog gathered from protocol analyses, 

focus groups, and interviews will be distilled into categories of functionality and 

interaction using content analysis. Numerical results from interaction logging will be 

summarized and when applicable, merged with qualitative results to converge upon 
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interesting relationships. As MacEachren et al. (1998) have already demonstrated, it is 

possible to use the convergence of observations in order to identify ‘kinds’ of users. 

These data, along with results from the case study and insight gathered from the initial 

usability work with the ESTAT application will inform the creation of a comprehensive 

framework for a revised epidemiological geovisualization toolkit. This is the primary 

product of the proposed research. The final framework will outline the functions and 

interactions required in such a toolkit. 

Specifically, information gathered from the case-study and associated group 

assessments will be distilled into two broad categories related to the functionality of 

ESTAT and its user interface. Within the category of functionality, four questions will be 

addressed: what geovisualizations do epidemiologists use, how do epidemiologists use 

them, what spatial (and aspatial) statistics are required to verify visualizations, and what 

linkages are required between ESTAT and the other software used in epidemiological 

work? The process of compiling information will be guided by evaluation methods used 

by interaction designers. For the first two questions, a combination of content analysis of 

think-aloud data as well as interaction logs will be utilized. For the latter two questions, 

content analysis of interview statements and heuristic results will be employed.  

With respect to interfaces, the proposed framework will summarize the expectations 

and experiences of end-users of ESTAT. Two questions related to interfaces will be 

addressed: what interaction paradigms (e.g. window metaphor, command line, etc.) are 

desired for particular epidemiological tasks, and what layouts and styles (e.g. colors, 

fonts, toolbars) are most appropriate for epidemiological work.  

 19



It is anticipated that this research will yield valuable information regarding the ways in 

which cancer epidemiologists envision working with geovisualization tools. From the 

framework, it will be possible to generate several prototypes of ESTAT-like toolkits 

using the visual programming environment of GeoVISTA Studio for future evaluation. 

Human Subjects 

Since this research will elicit responses from human participants as well as analyze 

health data, sensitivity to the myriad issues surrounding the use of human subjects is vital 

to this research. The proposed work is funded by a grant to the GeoVISTA Center at 

Penn State from the National Cancer Institute to explore geovisualization of cancer data. 

This project has approval in place from the Institutional Review Board (IRB) of the 

Human Subjects Protection Office at Penn State to conduct research using human 

subjects. Even with this support, it will still be necessary to submit materials and 

assessment plans several weeks in advance of scheduled tests for final approval by the 

IRB. 

The case-study portion of this research will analyze health data about individuals, and 

every effort will be made to ensure the protection of privacy for these people, particularly 

in the presentation and dissemination of results. Access to data and identifiable results 

will be restricted to only those individuals who have been cleared by the IRB. 

Limitations/Delimitations 

The results of this research are designed to inform a framework for a toolkit designed 

for a very specific context of use. As such, these results will not be entirely transferable 

into other application domains as is. However, there is some potential that the approach 
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this research follows, if it is effective in eliciting meaningful information, might be 

employed in future work as a model for usability assessment and tool development. 

The proposed work has been carefully crafted to assess geovisualization tools for 

cancer epidemiology. It is somewhat disingenuous, however, to assume that insight 

gleaned from cancer epidemiologists from NCI and CDC encompass the full range of 

potential variability within the community of epidemiological scientists. This fact does 

not reduce the importance of this research, but it does mean that the framework that 

results from it is probably most applicable to cancer epidemiology as performed in large 

governmental organizations. 

Significance 

This research will prove valuable to contemporary geography in two ways. First, the 

burgeoning sub-discipline of GIScience will be informed by this approach to assessing 

the functionality of geovisualization tools. Currently, there is a great deal of interest in 

the development of methods to assess the utility of novel tools in GIScience (Nyerges et 

al. 2002; Slocum et al. 2001). The proposed work will contribute directly toward this 

emerging research. This work will also demonstrate an application of exploratory data 

analysis (EDA) methods in the context of cancer epidemiology. The final framework that 

emerges from this project will provide the basis for a comprehensive geovisualization 

toolkit that can be used to explore multivariate geospatial data. 

Additionally, this work will benefit the community of medical geographers who seek 

to apply new methods in GIScience toward understanding the spatial complexities of 

health and wellness. It will do so by providing access to these methods in an effective and 

complete manner as a product of the human-centered design process. As a result of the 
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case study analysis that forms part of this study, there will also be insight into a ‘real 

world’ problem related to cancer epidemiology. The results of this case study will be 

presented to the medical geography community as well as to those who practice spatial 

epidemiology.  

There are also general societal benefits to pursuing this research. The toolkit assessed 

in this project has the potential to explore and analyze any kind of multivariate spatial 

data, and it can do so across time. Besides the specific field of cancer epidemiology, there 

are a number of contemporary problems that can be examined with these methods. 

Although this work will focus particularly on developing these geovisualization tools for 

cancer epidemiologists, the proposed work will, by its nature, uncover general aspects of 

their advantages and disadvantages and provide insight into the ways in which they can 

be modified for other contexts of use.  
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